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1. 0 | NTRODUCTI ON

MFIRE is a conputer sinmulation program that perforns nornal
ventilation network planning cal culations, and dynam c transient
state sinmulation of ventilation networks under a variety of
conditions. The programis useful for the analysis of ventilation
net wor ks under thermal and mechani cal influence. MFIRE sinulates a
mne's ventilation systemand its response to altered ventilation
paraneters, external influences such as tenperatures, and interna
influences such as fires. Extensive output enables detailed
guantitative analysis of the effects of the proposed alteration to
the ventilation system

Net work simulation using digital conputers has becone w despread
t hroughout the mning industry in recent years. However, as the
sophi stication of the sinmulator increases (MFIRE, for exanple), the
conplexity of input data requirenents and interpretations of

results requires nore skill and know edge fromthe users. Perhaps
the nost difficult part of using MFIRE is to construct the data set
describing the mne's physical layout and its ventilation

properties. The initial attenpts to get the data set running often
reveal unknown or ignored aspects of the mne's ventilation.

MFIRE was witten in Fortran 77 and conpiled with Mcroway' Fortran
for the Intel 80386 based computers with a 80387 math co- processor.
The source code is portable and available for users who wish to
nodi fy the source code to operate on other conputers.

This user manual describes the devel opnent of M-I RE, the input
format and requirenents, the output, comon errors, fire
paraneters, and exanples M-I RE application. Val uabl e reference
material is included in the appendices. Know edgeabl e users may
skip directly to the PROGRAM | NSTALLATI ON AND OPERATI ON section to
begin using MFIRE i medi ately.

'Reference to specific products does not inply endorsenent by the
Bur eau of M nes.



2.0 DEVELOPMENT OF MFI RE

M ne ventilation control and mne fire detection and fighting are
i nsepar abl e. Mne fires produce gases and heat, which the
ventilation systens transport through the mnes. These gases can
be poi sonous and/or explosive. The heat can cause ventilation
di sturbances, which take the gases along unexpected routes or
affect the formation of explosive nethane m xtures.

The calculation of the airflow distribution in mne ventilation
systens as a result of fans, thermal forces, and flow resistances
is a form dabl e mat hematical problem It conprises the solution of

twice as many equations as there are airways; half of these
equations are quadratic equations. This sort of problemled to the
desi gn of special anal og conputers in the 1950's and 60's and, from
the early 1960's on, to the increasing use of electronic digital

conputers. Wth the rapidly increasing availability and capacity
of digital conputers, airflow rate and pressure |oss distribution
cal cul ations, commonly called ventilation network calculations,

have becone routine, and a great nunber of computer prograns exi st

for this purpose. Practically all the prograns are capable of

performng the required cal cul ations, although differences exist in
how t he square equations are |inearized, the nmass conservation | aw
is introduced and observed, the fan characteristics are simnul ated,

and the thermal drafts are considered. Al of the prograns were
based on steady-state conditions.

O greatest concern in the past were the fire-generated ventilation
di sturbances. Ventilation engineers devel oped a |arge nunber of
nmet hods, by manual calculation, to detect potentially unstable
airways with airflowreversals in case of a fire. Wen the anal og
and digital conputers becane available for ventilation planning,
they were alnost imedi ately applied to this problem The expected
fire-generated ventilating pressures were manually inserted into
the network sinulations, with their values usually obtained from
experience or from rough cal cul ati ons. The mutual influence of
fire intensities and ventilation conditions were not taken into
account. |If gas concentrations were calculated at all, they were
only calculated for the cases where no recircul ation existed. Al
cal cul ations were, as in conventional network cal cul ati ons, based
on steady-state conditions or based on the assunption that no
changes with tinme occur

The U.S. Bureau of Mnes and M chigan Technol ogical University
first solved this problem with steady-state analysis, and the
resul ting program becane known as the MIU BOM code. Because the
mne fire process is dynamc in nature, work on the transient-state
nodel i ng probl em continued with the resulting program M-I RE, which
accommodat es dynam c state nodeling of the fire.



MFI RE version 2.20 includes: cal cul ati ons based on mass flow
rates, natural ventilation, spline or |east squares fan curve
fitting and boundry fixing, air reversal and recirculation
cal cul ations. Condensation and evaporation in the mass flow and
heat exchange cal cul ati ons was renoved from MFIRE 2.20 but wll be
incorporated in a later version. The programis useful for the
anal ysis of ventilation networks under the influence of natura

ventilation, fans, fires, or any conbination of these. VFI RE
sinmulates a mne's ventilation systemand its response to altered
ventil ati on paraneters such as the devel opnment of new m ne wor ki ngs
or changes in ventilation control structures, external influences,

and internal influences. Ext ensi ve output enables detail ed,

quantitative analysis which the alteration will cause in the
ventilation system

This chapter reviews the evolution of the MFIRE programfromits
infancy as a sinple digital network sinulator that replaced anal og
conputers to the present version. Landmark features and nodeling
i nprovenents are di scussed.

2.1 H STORY OF M NE VENTI LATI ON MCDELI NG

Ventilation network cal cul ati ons have been perforned for several
centuries. Due to mathematical difficulties caused by diagona
airways, the preferred nethod of practitioners was a trial and
error approach in which junction and nesh equations were nade
conpati bl e. Since the beginning of this century, airflow and
pressure |loss distributions in a |arge nunber of nore frequently
occurring subnetworks were anal ytically and graphically determ ned.
These were the subjects of nunerous publications and were of
consi derable help to practitioners.

Trial and error nethods, which can be surprisingly efficient in one
case, can becone frustratingly inefficient in another. A | arge
nunber of nethods of successive approximation were consequently
devel oped. Atkinson's solution in 1854 for a single diagona
airway and Cross's nethod because of its general applicability and
sinplicity becane the wi dest known exanples. Sone of these nethods
were based on the linearization of the quadratic resistance
equation and used in electric anal og conputers. Practically all of
the nethods were tested for their utility with digital conputers
when these becane avail abl e.

The forerunners of analog conputers were fluid flow nodels. They
were used in several countries but never found w de application.
The simlarity between node and nesh equations in ventilation
networks with Kirchoff's laws of electrical networks made the
el ectrical nodels persuasive. The first patent for an electric
anal og conmputer for water and gas networks was awarded in 1941 in
Germany. This conputer used filanment bulb resistance to nodel the
second power resistance function in the network cal cul ati ons.
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The idea was taken up or independently discovered in several
countries, but the imted working range of comercially-avail able
filament bulbs nade them inflexible and the nunber installed
remai ned small. Devel opnent of a specially- constructed |ow
voltage lanmp in the United States overcane this obstacle and in
1954 a "network analyzer" was installed at the U S. Bureau of
M nes, after six earlier installations had shown their useful ness
wi th wat erworks (MElroy, 1954).

In 1951-52, the University of Nottingham (UK) pioneered the idea to
conbine an electrical network sinulation of the nodes and nesh
equations of ventilation networks with a manual approxinmation
nmet hod for the resistance equation. This led to the design of the
commercially available "National Coal Board Network Analyzer",
which found a wde distribution. Honme-built nodels and
nodi fications, wusing different approximation nethods for the
resi stance equation, were used in alnost all mning countries. At
sone places ancillaries for adjustnent steps w thout cal cul ations
wer e introduced.

An el ectronmechani cal anal og conputer, in which the approximation of
the resistance equation was automatically perfornmed, was first
devel oped in 1950 at a German coal mne. |t becane comrercially
avai lable in 1952. Thirteen of these conputers were installed in
German coal mnes and a | arger nunber were installed abroad and for
gas and water conpanies. In 1959, electronic function generators
for the sinmulation of the resistance equation were introduced in
Japan; in 1960 the German manufacturer adopted this principle
also. In 1964, a British nodel becane comrercially avail able and
may be the only one still on the market. In 1962, the French coa
mnes built an electronic nodel which has been used for severa
decades.

Ful l y-automatic analog conputers for ventilation network
cal cul ati ons are excellent planning tools. Their handicap is that
they are single purpose machines. All-purpose digital conputers
became commercially available in the late 1950's and predictably
replaced the majority of the anal og conputers.

The literature reports that the first network calculations with
digital conputers were perforned for waterworks in the United
States in 1957. The first digital ventilation network cal cul ations
were reported in Belgiumin 1958 and in Germany in 1959. Foll ow ng
the lead of gas and water conpanies, efforts to replace the
expensi ve anal og conputers with digital conmputers began in Gernmany
in 1958. The replacenment progressed quite rapidly since many of
t he anal og conputer users were cooperating with this effort. The
literature reports that the sanme coal conpany which had pioneered
t he use of el ectronmechani cal anal og conputers perforned al nost all
of their network calculations on digital conputers by the end of
1959.
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By the end of 1969 the mgjority of analog conputer users,
representing 80 pct of the German coal production, had switched to
di gital conputers.

Since the first attenpts with the Cross nethod of balancing
pressure | osses gave poor convergence nost ot her  known
approxi mati on nethods were initially attenpted. These were dropped
when it was found that assenbling neshes in such a way that airways
with high resistance factors or, even better, with high products of
airflow rates and resistance factors, occurred in as few neshes as
possi bl e overcanme the convergence problem The nmesh assenbly was
done in a systematic way by arranging a tree in a sequence from
tree tip to root, which allows the conputer to elect correct
novenents when assenbling the neshes.

From 1961 on, it became customary to include natural ventilation
obtained frominformation on tenperatures and el evations in every
mesh. Fixed quantity airways had al ways been a feature of anal og
conputers and were included in the earliest applications of digital
conputers. Fan characteristics were treated in different ways as
storage allowed. A FORTRAN version of a type of standard program
becanme a part of the IBM programlibrary in 1966; in 1967 it was
adopted by the British National Coal Board for ventilation planning

purposes at its divisional conmputer centers. It has been used for
instructional purposes at M chigan Technol ogi cal University (MrU)
since 1967. Al though many enhancenents and attenpts at
i mprovenents were nmade, it is basically still inits original form

and is the core of the MFI RE program

As the availability of digital conputers increased, the nunber of
users doing creative work in ventilation planning increased
tremendously. Due to personal, societal, or conpany restraints,

much work went unreported. However, by analyzing available
published literature, it is clear that continental FEuropean
ventilation engineers cooperated closely. An advanced program

capabl e of perform ng high speed cal culations for |arge networks
was in use in France in 1961. A storage saving program based on

the Cross nethod of flow rate bal ancing was introduced in 1967. In
Japan network cal culations with digital conputers started in 1961
Conver gence-inprovi ng mesh assenblies were reported in 1969. 1In

Russia, first attenpts with digital conputers were made in 1963.
In 1965 and 1967, reports on different approxi mati on nethods were

published. In Geat Britain, the first network cal culations with
t he nmeshes assenbled manually were reported in 1964. A program
wi th automatic nesh assenbly was described in 1965. 1In the United

States, the first program to prove the usefulness of digital
conputers was described in 1963; an inproved version allow ng the
inclusion of fan characteristics was reported in 1964. Bot h
prograns still required the manual assenbly of neshes.
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In 1967, a much nore sophisticated programw th nesh assenbly and
assignnment of initial airflowrates perfornmed by the conputer was
reported and in 1970 a new version of the program which
accommopdat ed fixed quantity airways was descri bed.

Over the past two decades efforts focussed on: (1) replacing the
Cross nmethod with nore efficient approximtion nmethods, (2)
conbining network calculation for optimzation purposes wth
operations research approaches, (3) nmaking the prograns nore user
friendly in particular by using interactive graphics, (4) conbining
net wor k cal cul ati ons W th tenperature and concentration
cal cul ations, and (5) extending network cal cul ations to transient
state conditions.

The first objective has been a continual goal since the first days
of digital conputer use. So far, all results seemto confirmthat
the Cross nmethod for networks of ordinary size and conplexity is as
good or better than other nmethods. The second objective is a very
valid one since network calculations are only a neans to an end.
The third objective is probably the nost inportant one.

The non-steady-state behavior of ventilation systens has attracted
research in connection with control problens since the 1950's.
St udi es concentrated upon the effects of expl osions, gas outbursts,
and ot her nechani cal disturbances. A publication describing the
use of digital conmputers for this purpose originated in Poland in
1972 and another one using analog conputers was published in
Yugosl avia in 1984.

Efforts to conbine ventilation network calculations with the
precal cul ati on of tenperatures and hum dities started in Japan in
1969. An early program which included tenperatures, humdity,
met hane and dust concentrations, plus a transient state nethane
simulator originated at the University of Pittsburgh in 1972. In
1975, at the First International Mne Ventilation Congress, reports
on four progranms from the United States and Geat Britain for
conbi ned network, tenperatures and humdity calculations were
given. At the Third Congress in 1984, a program for tenperature,
hum dity, and radon concentrations was introduced from Australi a.

Litigation connected with the Sunshine mne fire in the md-1970's
showed that existing prograns could only partially sinulate the
interaction of mne fires and ventilation systens. Al though manual
non- st eady-state tenperature precal cul ati ons had become a common
feature and steady-state funme concentrations were easy to add as
long as no recirculation occurred, manual insertions of therma
draft, and throttling effects proved to be cunbersone and the
handl i ng of recirculation to be inpossible.
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This led to the devel opnment of a new program at MIU in 1975 and
1976. The goals of this programwere to determ ne the equilibrium
between fires and ventilation systens in steady- state conditions
at any given time. The crucial heat exchange between rock and air
wer e cal cul ated under non-steady-state conditions. The program was
based on mass flow rates and considered natural ventilation in all
nmeshes and throttling effects in all airways. Airflow reversal and
fume recirculation were also calculated. This program sonetines
referred to as the MIU BOM code, was the first building block of
MFI RE.

2.2 DESIGN OF MFI RE

The potential for ventilation disturbances caused by fires has
al ways been a great concern in fire energency planning. Were mne
wor ki ngs extend over |arge elevation differences and where the
ventilation is weak, such disturbances have been the cause of |arge
m ne disasters. The 1928 nmine fire at Roch-la-Mliere (France),
which killed 48 mners, is a classic and often-quoted exanple. The
first conmputer sinulator (Geuer, 1977) for the interaction of mne
fires and mne ventilation systens focused, therefore, on the
assessnent of these disturbances.

This MIU BOM code nmade use of the existing prograns for ventilation
network cal cul ations. Steady-state conditions for the ventilation
as well as for the fire were assuned. The resulting program
featured mass-based flow rates and transient state tenperature
simul ation. The program was useful and becanme popul ar because of
its sinmplicity. These features becane part of the nore advanced
transi ent-state conputer nodel, MIRE

The program was witten for routine applications by practica
ventilation engineers but wthout violating physical laws or
sinplifying facts of practical inportance. The anmount of necessary
i nput data has been kept small and checks are performed for their
conpl eteness and for such errors as occur nost frequently. \ere
they do not influence the results significantly, user-stated
aver age val ues can be used to reduce the input.

The output provides a listing of airflow rates and pressure | osses
in airways, met hane and cont am nant concentrations, and
tenperatures at airway ends. Concentrations and tenperatures are
also listed for junctions. Recirculation paths and airways wth
airflowreversals, as well as airways and junctions with critical
conditions, are additionally listed to alert the user to potenti al
danger zones.
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2.3 MASS BASED FLOW RATES

Perform ng network cal cul ati ons based on actual volume flow rates
makes difficult the consideration of the |aw of conservation of
mass. Thus, to mnimze conputational effort, nost conputer
programs sinplify the problem by assumng a "law of volune
conservation" instead. Al though this assunption normally does not
lead to gross inaccuracies, serious errors are introduced when
| arger density changes occur, such as in a mne fire.

The wuser is allowed to specify a reference air density and
correspondi ng tenperature. These serve as a scal e agai nst which
other densities, expressed by their tenperatures, are neasured.
Al'l input and output are converted to the reference state defined
by the reference density and tenperature. |In order to avoid out put
conversion and to obtain values which cone close to the actual
density dependent, pressure |osses, fan pressures, and volune flow
rates, a reference density which is close to the prevailing actual
density shoul d be used.

2.4 TRANSI ENT STATE CONCENTRATI ON SI MULATI ON

The assunption of steady-state conditions nmay be good enough for
the determ nation of airflow rate and tenperature distributions,
because airflow rate changes are caused by tenperature changes, and
tenperature changes are observed in the imediate vicinity of the
fire only. I nvestigations showed that ventilation disturbances
caused by thermal forces create negligible inertia forces. The
airflow assunes steady-state conditions in a very short tinme as
pressure differences propagate at the speed of sound. Changed
airflowrate and tenperature distributions are, therefore, reached
al nost instantaneously and tinme is a mnor factor.

Time is definitely an inportant factor wth concentration
distributions. Gases travel with the ventilation currents, which
normal |y means speeds of less than 3 to 4 knih. Many airways
downwi nd of a fire can, for a considerable tine after the start of
the fire, remain clear of gases. In many cases, the increase of
ai rway gas concentration happens only gradually before steady-state
conditions are reached. Assumi ng steady-state concentration
distributions in fire energency planning frequently neans
needl essly excluding airways as escapeways, although they are
perfectly safe for a long tine.

The sinulation of concentration distributions does not involve
physical principles other than the law of mnmass conservation.
Additionally, the assunptions are nmade that perfect m xing of air
currents occurs in nodes, no longitudinal diffusion in airways
exists, and flow velocities in planes perpendicular to flow
directions are equal.
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In the resulting progranms (Bastow, 1979 and G euer, 1981), mne
atnosphere is divided into control volunes of honogeneous
concentrations, which advance with the flow through the ventilation
system \When control volunmes neet at airway junctions, they are
conbined to formnew control volunmes. Because many junctions can
be reached via different paths with different amounts of dilution
havi ng occurred, the nunmber of control volunes can becone quite
| arge, depending on the type of ventilation system When
recircul ation occurs, the nunber can virtually becone infinite with
smal l er and smal |l er concentration differences between the new y-
formed control vol unes

The problem of this sinmulation is not one of mathenmatics but of
sorting. Al control volunmes that arrive at a junction have to be
detected, and the sequence of their arrival has to be determ ned.
The new control vol unes, which are generated in the junctions, have
to be advanced into the outgoing airways together with checks to
see if they affect any other junctions. |[If they do, part of the
conput ati ons have to be repeat ed.

The main difficulty in witing this programwas, therefore, not one
of mathematics but one of keeping the conputing tine wthin
tolerable limts. Experience showed that the choice of the tine
increnment in which the control volunes are advanced is of great

i nport ance. If the increnent is too large, control volunmes may
have to be passed through nore than one junction, which |engthens
and conplicates cal cul ati ons. If the increment is too short, a

| arge nunber of advancenents has to be perfornmed. The solution was
to let the program select the optimal length of the time interval
as a function of the network type.

Variations of the program acconmpdated t he exposure sinulation of
escaping mners in 1983 (G euer, 1983), the sinulation of escape
novenents of mners, based on warning tinmes and travel speeds in
1983, (G euer, 1983), and sinulation of nobile contam nant sources
in 1984 (Sheng, 1984).

This programis based on the assunption of constant airflow rates.
These can be the airflowrates prevailing in the early stages of a
fire or the airflowrates resulting fromthe equilibriumof fire-
generated (thermal) and other (fan, airway resistances) ventilating
forces. In the first case, very little input data and expertise on
the part of the program user are required. The only ventilation
i nformati on needed is data on the network configuration (airway and
node identification nunbers), airflow rates, and airway |engths and
cross-sectional areas. The programwas useful where fire-generated
ventilation disturbances had not yet occurred, in particular for
the layout of fire detection systens. It would also be hel pful for
the design of fire escape plans if an early fire warning system
al l owed for the evacuation of the m ne before the fire progressed
beyond its initial stage.
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In the second case, considering fire disturbances, t he
determ nation of the airflow rates has to precede the concentration
cal cul ati ons. This requires detailed information on the
ventil ation system and sone ventilation expertise by the program
user.

2.5 STEADY STATE FI RE DI STURBANCE SI MULATI ON

If the term nology of ventilation engineers is used, one can say
that fires have two effects on ventilation systens: a throttling
ef fect caused by the volune increase of the air passing through the
fire zone, and a natural draft effect caused by the conversion of
heat into mechanical energy.

The throttling effect is easy to assess. The energy requirenent
per unit mass to overcone friction |osses is proportional to the
square of the flow velocity. The latter is in turn proportional to

the specific volune or the absolute tenperature. The energy
requirenents to transport air through an airway are, therefore,
proportional to the square of the absolute tenperature. |If a fire

causes the tenperature increase, the same anount of energy will
transport less air.

Natural draft effects, or the conversion of heat into nmechanica
energy, can occur where the air changes its pressure and its
specific volunme when it goes through a cyclic process. Every |oop
of the ventilation system can be considered a cyclic process and
can, therefore, develop natural draft effects. The anount of heat
converted into nmechanical energy is, according to the first |aw of
t hernodynami cs, equal to the integral of the product of specific
vol unme tinmes pressure change.

The determnation of nunerical values of this integral 1is
cunber some because of the continual pressure changes in ventilation
systens and owing to the fact that the specific volunme cannot be
directly neasured. A good approximation is possible in nost cases
by establishing a functional relationship between this integral and
an anal ogous integral of the product of tenperature tinmes el evation
change, which is easier to determ ne.

Precal cul ations of the throttling and natural draft effect require,
therefore, the precal cul ation of tenperatures. These are functions
of the airflow distribution, which determ nes the oxygen supply to
the fire, the heat transfer to the airway walls, and the m xi ng of
air currents in junctions. The airflow distribution, on the other
hand, is a function of the tenperature-induced throttling and
natural draft effects. It was this interaction between fires and
ventil ation systens, together with the occurrence of recircul ation,
which for many years was considered to be too conplicated for
conput er sinul ati ons.
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The MIU BOM code conbines conventional network (airflow rate,

pressure loss) calculations with concentration and tenperature
cal cul ations and automatically accounts for the throttling and
natural draft effects. It converges to establish the equilibrium
at which fire-generated thermal forces (throttling and natura

draft) are balanced by the other ventilation forces (fans and
resi stances).

The begi nning of the code is a network calculation for the pre-fire
state, to ascertain that the input data are correct. Based on the
type of fuel, fuel loading, and air supply, the heat and
contam nant production is calculated next. This is followed by a
calculation of the tenperature and concentration distribution,
based on the original airflow rates. The fire-generated therma
forces (throttling and natural draft effects) are then determ ned
and inserted into a new network cal cul ation. Thi s sequence of
calculations is repeated until the calculated thernmal forces remain
const ant. This means that equilibrium has been found and,
tenporarily, steady-state conditions for the airflow rate, pressure
| oss, and tenperature distribution have been establi shed.

Thi s approach can be justified because changes of the tenperature
di stribution are observed only in the vicinity of the fire and
short distances dowmmwind fromit. Fire-caused thermal forces are,
therefore, generated al nost instantaneously, and changed airfl ow
rate and tenperature distributions also establish thensel ves al nost
i nst ant aneousl y. This does not apply to the concentration
di stributions, however, and, only in rare cases, to fire
intensities. Even if the fire intensity does not change, the
tenperature distribution will change with tine, since the airway
walls will be heated and provide |less cooling. This is taken into
account by considering the transient-state nature of the heat
transfer, although wth the sinplifying assunption that the
equilibrium airflow did prevail from the very beginning of the
fire.

The MIU/ BOM code was divided into two main parts: net wor k and
concentration/tenperature. To make the program as flexible as
possi bl e, network, tenperature, and concentration cal cul ati ons can
be perforned separately or conbined. Methane concentrations are,

however, always determned when a <change in the airflow
di stribution takes place, since this is indispensable for coa

m nes.

The network part basically contains the previous network sinulator
and perfornms airflow rate and pressure-|loss cal cul ations. The
program uses the Hardy Cross nethod, since studies, which were
recently updated by a variety of investigators, showed that for
networks of the size of mne ventilation systens, this nmethod still
gives the shortest calculating times when acconpanied by a
convergency pronoting nmethod of nesh sel ection.
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This can be done by letting airways with | arge products of airway
resistances and airflow rates appear in as few neshes as possible.
The pertinent nesh assenbly process occupies a |large portion of
the program but its conmputer execution is superior to nost other
mesh-assenbly prograns.

So-called fixed quantity airways or regulators, which maintain a
constant airflow rate and which are a val uabl e planning aid, have
to be converted into regular airways if nore than a conventi onal
network calculation is demanded. |In case of an energency, there
will be no tine to pay attention to the adjustnment of regulators
that keep the airflow rate constant.

Concentration and tenperature calculations are perforned jointly in
the second program part because they have many conmon features.
One can think of heat as being a contam nant, also, and tenperature
changes caused by heat influx or by mxing airflows are cal cul ated
in the sane way as concentration changes.

Concentration and tenperature changes in roadways can be caused by
entering nethane, by fire-produced contam nants and heat, and by
heat entering or leaving the airway. |In junctions, they can occur
because of mxing of air currents with different concentrations and
tenperatures. Both processes are fundanentally different, and two
separate program sections have been provi ded.

The calculations start at a node with known tenperatures and
concentrations. Normally this will be the surface or soneplace in
the intake airways. Wth the conditions at their begi nnings thus
known, roadway cal cul ati ons are conducted for all airways |eaving
this node. Next, a check for junctions where the conditions of al
entering airways are known is perforned. |If found, the entering
air currents are m xed and roadway cal cul ations are perforned for
all airways |leaving this junction.

This process is interrupted when recirculated air enters a
junction. In this case, the alternating airway and junction
cal culations cannot be continued since concentrations and
tenperatures of the recirculated entering air are not known. The
difficulty is overcome by using an iteration nmethod. Starting out
with estimted values for the properties of the recirculated air,
t he roadway and junction calculations are continued as if they were
known. Wth this assunption, the values, which are then obtai ned
for the recirculated air by the successive roadway and junction
cal cul ations, are next used as new, better estimates. The process
is repeated until estimated and cal cul ated val ues agree. Airways

with recirculation are placed in a special list in the output to
draw attention to the fact that they carry potentially contam nated
air into intake airways. It is surprising to note how nuch

recirculation can exist in many mnes w thout being recognized.
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Heat and conbustion products developed by fires can either be
estimated by the user or can be determned by the program as
functions of the oxygen supply of the fire. The heat exchange with
the airway walls is calculated with the help of Fourier's equation
of thermal conduction, for which solutions have been built into the
program

A crucial role in these calculations is played by the rock
tenperature, which is a function of virgin rock tenperature and the
airway history. It is possible, in principle, to determne the
tenperature distribution in the rock and to provide an accurate
solution to Fourier's equation, if the airway history is known.
Normal ly, this will not be the case.

Because fire enmergency plans deal wth short tine spans, as
conpared to the age of the airway at |east, and since only thin
| ayers of rock surrounding the airways are affected by the
tenperature changes, it seens to be accurate enough to work with
effective rock tenperatures for this layer. These are close to the
normal air tenperatures, nodified by the tenperature difference
caused by convection, and are determned by the program |If better
information exists, it can, of course, be fed into the conmputer and
used. The fire-generated thermal forces are the throttling and
natural draft effects. They are determ ned by making use of the
cal cul ated tenperature distributions.

Because of its capabilities to calculate concentrations and
tenperatures and to take thermal forces into account, the program
is not only used for fire enmergencies but also for ordinary
ventil ati on pl anni ng purposes. Several versions exist, devel oped
by program users. The program has found substantial use for fire
simulations in high-rise buildings during the |ast few years.

2.6 TRANSI ENT STATE SI MULATI ON OF FI RES AND VENTI LATI ON SYSTEMS

The transient concentration distribution prograns are useful in
many ways. The assunption of tine-constant airflow rates is
justified for the early stages of a fire when a weak fire does not
influence the airflow distribution. Wen, at a |later stage, nore
intense fires may interact noticeably with the ventilation system
with the fire intensity controlled by the air supply to the fire,
and with the airflow distribution affected by the fire intensity,
this interaction should be taken into account. Correspondingly,
initially, a programwas witten for this condition in which, for
the sake of sinplicity, steady-state conditions were assuned.

The shortcom ng of this programwas that it determned the state of
a ventilation systemat the end of a specified tinme interval only,
with the assunption that the airflow distribution at the end of
this interval prevailed fromthe beginning of the fire throughout
the tinme interval
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This could be true, but it mght be a sinplification of reality.

There are several different approaches for a conplete transient-
state sinmulation of ventilation systens. The first nmethod
investigated was a finite-difference nethod based on Newton's
second law. It starts with the nonentum bal ance of small el enents
of air masses to set up the governing equations, and ends up with a
set of sinultaneous equations that have to be solved for the whole
systemin each tinme increnent. This nmethod was discarded after a
lengthy trial for the follow ng two reasons:

1. Wth the involvenent of sinultaneous equations, the
calculation load increases rapidly when a ventilation network
becones | arge

2. For nost cases in mne ventilation, the airflow can assune
steady-state in a tine period short enough to justify the
application of steady-state theories.

The chosen approach was then to consider the transient process as a
sequence of short-tine steady-state processes during each of which
an equilibrium between ventilating pressures (fan and thermnal

pressures) and airflowrate-produced pressure |osses exists. |If
the tenperature distribution changes, the equilibrium wll be
di sturbed and a new airflow distribution wll result. The new

equilibriumfor the end of the tine interval is found by a sequence
of alternating tenperature, thernal pressure, and network
calculations. The results of the last calculation serve as the
i nput for the succeeding cal cul ati on.

Neither the airflow rates at the beginning of the tinme interval nor
at its end are representative of the whole tine interval. Wth the
assunption that changes in the airflow rate during the tine
interval follow a linear pattern, the arithnetic average of the two
values is used to represent the average airflow rate.

An interval -oriented simulation technique, which updates its data
base in every prefixed tinme interval, was adopted (Chang, 1987).
An event-oriented sinulation would be nore efficient, but with a
transient-state sinulation, ventilation system conditions change

constantly, which makes events undi stinguishable. The contro
vol une approach, wth control volunes being blocks of air of
uni form conposi tion, was retained. In other words, the tine is

divided into a series of time intervals; the airflow into air
segment s.

If data records were set up for every airway in a system a
majority of the efforts would be unnecessary because the variation
of ventilation paraneters in nost airways that were not directly
affected by the hot funes are at nost of a secondary significance
in shaping the airflow distribution in the system It is assuned
that the nmean air tenperature and airflow resi stance of an airway
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will remain unchanged if no significant changes in ventilation
conditions occur. The criteria to judge a significant change
i ncl ude whet her funes ever got into the airway and whether drastic
condition changes (air tenperature change |arger than 2 deg C, or
fume concentration change larger than 0.1 pct) happened in the
begi nning junction of the airway. When no significant change
happens in an airway, its original resistance and nean air
tenperature are taken as the values in the present tinme interval.

This program was ported to the personal conputer world and was
released as MFIRE in 1988. Wth the aid of user reports, bug fixes
wer e made and mai nt enance versions were rel eased.

2.7 CONSI DERATI ON OF WATER VAPOR

The early rel eases of MFIRE did not consider water vapor. MIRE
2.0 and 2.1 were derived fromol der code which did incorporate the
following method for water vapor consideration. The ol der code
| acked robustness and users found small but significant problens
under certain circunstances. MIRE 2.20 returned to the framework
of version 1.29 and added the fan features described later. This
section is intentionally left in the manual for reference as water

vapor consideration will be incorporated in future rel eases.

Air tenperature precalculation is necessary for sinulation of
t hermal di sturbances such as mne fires. It is recognized that
even seenmingly dry airways are to a considerable extent influenced
by water migration, evaporation, or condensation. Smal | wat er
guantities can, due to the large |latent heat of water, have great
effects. Due to the existence of water evaporation and

condensation in a system mass and heat transfer nust be consi dered
concurrently.

Past attenpts to describe the effects of water on mne air
tenperatures fall roughly into two categories. One of them uses
statistical tools to systematically interpret field-neasured data
for enpirical relationships anong tenperature, humdity, and other
ventilation paraneters. It does not attenpt to explain the nature
of their dependence or to draw generally valid conclusions. Rather
it offers useful equations of |ocalized significance.

The other is a sem-enpirical technique that tries to derive
functional rel ationshi ps between tenperature and ot her ventilation
paraneters. A nunber of |oosely defined factors, coefficients, and
nore or less justified relations are introduced for this purpose to
provide for general applicability. There exist, however, so many
assunptions, which are neither theoretically sound nor universally
tenabl e, that the useful ness of this approach has to be limted in
range or a lack in accuracy nust be expected. There exist by now a
| arge nunber of approaches to predict the conbined dry heat
transfer by conduction within the rock and by convection fromthe
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rock to the air. None of these approaches take the parallel mass
transfer of water and its tenperature effect satisfactorily into
account .

The nodel developed for MIRE follows a rigorous analytical
approach and a rigorous anal ytical solution can be obtained (Chang
and Greuer, 1985). Since the calculation of nunerical solutions
turns out to be a very tine-consumng task, approxinmations for
short time periods, with which one is concerned in energency
pl anni ng, were devel oped al so.

Additional difficulties arise fromboundary conditions. Wter can
evaporate or condense on airway walls with pertinent changes in
wal | tenperatures. It can condense as fog in the bulk flow of the
air with a concomtant change in the tenperature gradi ent between
airway walls and air. To be properly considered, these wall
tenperature changes have to be recorded. To keep the amount of
record-keeping small, so-called stations in intervals of a few
hundred feet are established, for which the correct data are
recorded. For the space between stations, interpolations are used.

OT._ (&*T., OT.
— = -
ot OR?> RxoR

The governi ng equati on was set up as:
subject to: T-=T, at t=0 for all R

T=T, when t>0 and R —» «©

and the boundary condition equation:

laa-:;r_ hX(TF_Ta)+ LWXDt X(¢XXWW- Xw) atR: Ro

where: D = mass transfer coefficient,

h = heat transfer coefficient,

L, = latent heat of water at wall tenperature,

R = coordinate in the radial direction,

R = hydraulic radius of airway,

t = tine,

T = rock tenperature,

T, =initial rock tenperature,

T, = air tenperature,

X, = absolute humdity of air,

X, = absolute humdity in the wall [|ayer,

o = thermal diffusivity,

A = thermal conductivity of rock, and

o = wetness of airway wall
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The governing equation of energy conservation describes the heat
transfer in two superinposing processes: the heat transfer between
airflow and its surroundi ngs, and the enthal py flux acconpanying
the mass transfer of water vapor. Assunptions for this node
include: an airway of infinite I ength, honogeneity and isotropy of
rock, negligible heat transfer in the axial direction of the
airway, and constant thermal and heat transfer paraneters.

In the boundary condition equation, the wetness of the wall is
defined as the ratio of wet area to the total surface area. It is
assuned that the wet portion and dry portion of a wall share a
common humdity ratio and tenperature in the wall film a thin
| ayer close to the wall. Wen the wall wetness equals the ratio of
absolute humdity of air in the main air flowto that in the wall
layer film the vapor content in the wall filmis in equilibrium
with that of the main flow. The boundary conditions also inply that
the mass transfer, or water evaporation and condensation fromthe
wal |, occurs in the vicinity of the wall, and the heat absorbed or
liberated is either fromor towards the wall.

A one-di nensional differential equation can then be set up for an
infinitesimal control volume of air based on the energy
conservation | aw. Its solution describes the air tenperature
variation along an airway on the basis of a known solution to the
governi ng equation of heat transfer.

A non-dinensional wall tenperature, frequently <called the
coefficient of age, is used to relate the governing equation of
air-rock heat transfer and air tenperature variation. Due to the
fact that the initial condition of air tenperature at the begi nning
junction of an airway is needed in conputing the air tenperature
variation in the airway, the air tenperature distribution in the
ventilation system can only be calculated through an
ai rway- by-ai rway process.

The air tenperature in an airway is calculated as a tenperature
superposition of two processes. One process is the heat transfer
between the airflow and its surroundings. The other is the mass
transfer due to water evaporation and/or condensation. The
solution is quite conplicated and | engthy and is not included here
for space and tinme reasons. (Chang and G euer, 1985)

The key to solving the governing equation lies in the interpre-
tation of the boundary condition in which the absolute humdity is
a conplicated function of tenperature. The relationship between
the saturated water vapor pressure and tenperature is replaced by a
series of I|inear segnents. Then, the governing equation is
separated into two sets of superinposing differential equations
wi th boundary/initial conditions, which can be regarded as a dry
air tenperature nodel and a wet-case tenperature correction nodel
respectively.
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The superinposition of their solutions gives the air tenperature
variation for the process of simultaneous heat/nmass transfer in the
ai rways.

Though this nodel works well wunder normal mning conditions, in
sone cases, it may not be a good approximation to assune that
hum dity ratios of airflows into a conmon junction fromdifferent
airways are equal to that in the junction. This situation can be
corrected by neasuring the humdity for each airway separately, if
necessary. Another characteristic of the nodel is that the average
wal | tenperature is used to evaluate the saturated vapor pressure
in the wall layer of an airway. Because of this, a specified
hum dity ratio that conflicts wth the nodel is physically
possi bl e. Wien the humdity ratio of air along an airway is
decreasi ng due to vapor condensation on a wall, the wall wetness
loses its neaning and can not be determ ned. To avoid this
problem the wetness of an airway under condensation nust be
explicitly specified.

The additional input requirenments are sinply the wetness of airway
wal | s as a percentage of total surface area in each airway and the
relative humdity in junctions.

2.8 MFI RE PERFORMANCE

Research was conducted to validate MIRE s calculation of
tenperature distribution in an airway due to a mne fire, as
tenperatures are the nost significant source of ventilation
di sturbances. Three fire tests were conducted at the Waldo M ne
near Magdal ena NM The Waldo Mne is operated by New Mexico
Institute of Mning and Technol ogy for experinental and research
pur poses. Three experinents were conducted; two with wood and one
with diesel fuel. A conplete description of the mne and tests can
be found in the Bureau Open File Report 80-93 "Waldo Mne Fire
Experiments of March 1990" by Laage and Cari gi et.

The fire site was instrumented in the Waldo Tunnel on the 9th
| evel . Arrays of thernocouples and tenperature sensing devices
were placed downw nd of the fire and into boreholes over the fire.
The variation of heat flow rate to the rock was back cal cul at ed
based on varying tenperatures in the rock. The enthal py changes in
the airflow were obtained fromthe tenperature sensing arrays.

Then MFIRE and its functions were used to nodel fires of constant
heat influx for the duration of the experinental fires. The total
nodel ed heat influx for each fire was equal to the fuel | oading.
Energy curves as functions of tine were produced fromthe neasured
real fire tenperatures and the tenperatures predicted by MIRE
These energy curves were integrated and then conpared with the fuel
| oading fromthe fires.
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The total heat transfer to rock and air were al so cal cul ated. The
ability of MFIRE is illustrated in the follow ng two tables.

In Table 1, the total neasured and total nodeled heat transfer
deviation fromthe actual fuel |loading is shown as a percentage of
total fuel l|oading. These deviations are quite small for full-

scale fire tests and are near the experinmental limts.
TABLE 1
HEAT TRANSFER DEVI ATI ONS, PERCENT
Experi ment Measur ed heat Mbdel ed heat
nunber transfer deviation transfer deviation
1 - 2.5% + 2.3%
2 + 4. 1% - 2.6%
3 - 6.0% + 2.8%

Table 2 conpares the percentage of heat transferred to the
airflow based on the actual fuel loading. This is an inportant
conparison as the heat transfer to the air is the cause of the
ventilation di sturbances.

Table 2
HEAT TRANSFERRED TO Al RFLOW PERCENT
Experi ment Heat transfer, measured Heat transfer, nodel ed
1 92% 98%
2 96% 93%
3 88% 99%

There are, of course, many sources for experinental error and back
cal cul ati on assunpti ons, however, a discussion of these is beyond
the scope of this paper. These tables show a very cl ose agreenent
bet ween t he nmeasured and nodel ed heat transfer to the air as well
as to the total fuel |oading and these experinents illustrate the
overal | performance of M-I RE
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3.0 USER SELECTED REFERENCE DENSI TY AND TEMPERATURES
3.1 THEORY OF REFERENCE DENSI TY

Perform ng network cal cul ati ons based on actual volume flow rates
makes the consideration of the law of conservation of mnmass

difficult. Most conputer prograns substitute a "law of volune
conservation" instead. Al though this may normally not lead to
serious errors, it is definitely a serious error when, like in the

heated air behind a fire, larger density changes occur. MIRE is
based on mass flow rates.

Three states of ventilation air are discussed in this chapter; the
standard air with a density of 0.075 pounds per cubic foot and
denoted with a subscript “”, the reference air at a user selected
state of density “w*” and corresponding tenperature “T” denoted
with a superscript “*”, and an actual in place state where only the
variable is used. The reference density and tenperature correspond

to MFIRE i nput variables DR and TR respectivly.

Mass flow rates are calculated with the aid of a reference density,
w and a corresponding reference tenperature, T. To obtain output
which comes close to the actual, density dependent, pressure
| osses, fan pressures, and vol une flom1rates, a constant reference
density w* which is close to the prevailing actual density wis
used I f one prefers one can select the standard density

= 0.075 I b/ft® as reference density w.

The "reference tenperature” is the tenperature pertinent to the
"reference density" at the prevailing pressures in the ventilation

system It is not used for tenperature cal cul ations. Its sole
purpose is to express the "reference density". Since it serves
only as a scal e agai nst which other densities, expressed by their
tenperatures, are neasured, its choice is not very crucial.

Sunmarized with the use of a "reference density” the principle of
basi ng pressure | osses, fan pressures, and resistance factors on a
standard density is extended to volune flow rates al so.

Ventilation network calculations are based on the |aw of mass
conservation and on the | aw of energy conservation. Unfortunately,
we have becone accustoned to express nmass flow rates by volune fl ow

rates, which are not conserved. And to express energies as
ventilation pressures (ft-1b/ft® = 1b/ft®> o "wg) or work per unit
vol une, which |leads for the sane work due to changing volunes to
different nunbers for the energy. Many ventilation engineers

convert pressure |osses H, fan pressures F% and resistance factors
R to a standard density of w = 0.075 I b/ft This gives a correct
energy bal ance and leads in the cal cul ation of pressure | osses with
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the formula H = R* @ to correct val ues, when the actual flow ng
volume flowrate Qis used.

It has becone customary in mning to express flow rates as vol une
flowrates (cfm= ft°/mn) and energi es per unit vol une.

ft-1b/ft® = 1b/ft’= 1/5.2 "wgy

Air densities change. Equal mass flow rates result therefore in
different volume flow rates and equal energy anounts in different
energy anmounts per unit volume. Since two of the basic | aws used
in mne ventilation are the |aw of mass conservation and the | aw of
energy conservation, the above approach is not practical. It has
neverthel ess been retained by ventilation engineers, because they
find it difficult to visualize mass flow rates in Ib/mn or
energies in ft-1b/lb.

To provide correct energy bal ances, the U S. Bureau of M nes has
recommended the use of the constant standard density of 0.075 Ib/ft?®
when expressing energies per unit volunes. This neans essentially
to express them as energies per unit mass. |If, for instance, an
airway has a pressure | oss of

0.078 Ib/ft® in the

H = 0.5 "wg at the average air density w
al rway,

this woul d mean an energy of

0.5*5.2 = 2.6 ft-1b/ft° (1b/ft?) or 2.6/0.078

33.33 ft-1b/1b (ft).

This is the figure which should be used, but since it is too
abstract, it is nultiplied by the standard density

w, = 0.075 I b/ft”.
H, = 33.33 ft * 0.075 Ib/ft® = 2.5 1b/ft®> or 2.5/5.2 = 0.481 "wg.

o: H.=H ---- =0.5------- = 0.481 "wg.

The sanme process is enployed with all energies, fan pressures as
wel | as pressure |osses and natural ventilation pressures, which
means that all energies are expressed per unit mass but are
mul tiplied by a constant conversion factor of w = 0.075 Ib/ft°. If
pressure | osses are calculated using the famliar fornulas:

or S R , the actual densities w which are contained in
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R and K are replaced by w. This is done by nultiplying
Ror Kby -----

R =R*w/wor K =K* w/w

whi ch converts H into H,. The airflowrates Qare in all cases the
actual volunme flow rates, which vary for constant mass flow rates
m inversely proportional to the density:

Q= m/w

This poses difficulties in ventilation calculations since the |aw
of mass conservation but not a | aw of vol une conservation has to be
sati sfi ed.

3.11 AIRFLOW I N M NE PASSACES

MFI RE input and output is in terns of volume flow rates Q at a
reference state, which are actually nmass flow rates m divided by
a reference density w, irrespective of the nmagnitude of the actual
density w

Q=Q* ww = m/w.

The choice of the reference density is left to the program user.
The closer it is to the actual densities w, the less confusion is
generated. The termw plays the sane role as the standard density

w, and if deened practical, w can be selected to be equal to w.
Mass based energies are then expressed by

H =H * w/wor H =H_, * w/w,
and the pertinent resistance factors by
K =K* w/wor K =K * w/w,
R =R*w/wor R =R * w/w,
Pressure loss H and volunme flowrates Qare related by the famliar
resistance equation H = RQ. If a sinilar expression in terns of
H, Q and R shall be used, one obtains from
H =H * w/w and Q =@*wWw and R =R * w/wor R =R * w/w, :
H' = R(wW/w*Q’
[

If in the equations H = R*Q or H, = R*Q" the term H takes the
place of H or H, and Q the place of Q then R and R have to be
repl aced by the term
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R(w/w?

If density changes are caused by tenperature changes, w/w can be
repl aced by

T T,

wher e T is areference tenperature leading to the reference density
w.

Exanpl
An airway has the follow ng dinensions: L = 1,000 ft; A =64 ft* P
=32 ft;

E

At State 1, a density of w= 0.078 Ib/ft* a volume flowrate of Q =
50,000 ft*nmn and a pressure loss of H = 0.610 "wg were neasur ed.
The mass flow rate is:

m = Qw= 3,900 | b/ mn.
The resistance of the airway is
R=H/Q = 0.610/(0.5%10°° = 2.44*10" "wg/ cf nf.
Its K-factor is
K = R*5.2*A/ (L*P) = 103.94*10 "l b*mi n’/ ft".
Wth a standard density of w = 0.075 Ib/ft°, this gives

R,
K,

Wth a reference density of w = 0.074 Ib/ft° this gives
R R'wW/w = 2.44*107°¥0.074/0.078 = 2.315*10™ "wg/ cfnf or
R R*wW/w, = 2.346%*10'°*0.074/0.075 = 2.315*10" "wyg/ cf nf.

2.44*10"*0. 075/ 0. 078 = 2.346*10™" "wy/cfnf and
103. 94*10*°*0. 075/ 0. 078 = 99. 942* 10 I b*mi n*ft*.

The conversion of K-factors is equivalent. The energy | osses are:

H = RRQ = 2.44(0.5)% = 0.610 "wgy

H, = R*Q = 2.346(0.5)° = 0.587 "wy
H = R(w/w’Q = 2.315(0.074/0.078)%0.52703)> = 0.579 "wg

Al three energy ternms express the sane energy per unit mnass:

H/w = 0.610%5.2/0.078 = 40.7 ft-1b/Ib
H./w = 0.587*5.2/0.075 = 40.7 ft-1b/Ib
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H/w = 0.579*5.2/0.074 = 40.7 ft-1b/lb

In State 2, the mass flowate remains constant but the density
changes from

w = 0.078 to

w = 0.070 Ib/ft?

which results in a volume flowate of

Q = 50, 000%*0.078/0.070 = 55,714 cfmand Q = m/w = 52,703 cfm

Then:
H = RRQ = 2.44 (0.070/0.078) 0.55714* = 0.680 "wgy
H, = R*Q = 2.346 * 0.55714° = 0.728 "wy
H = R(w/w)*Q = 2.315 (0.074/0.070)° 0.52703* = 0.719 "wgy
Again, all three terns express the sane enerqgy.
H/w = 0.680*5.2/0.070 = 50.5 ft-1b/lb
H/w = 0.728*5.2/0.075 = 50.5 ft-1b/lb
H/w = 0.719*5.2/0.074 = 50.5 ft-1b/lb
State 1 State 2
w = 0.078 Ib/ft°® w = 0.070l b/ ft? w/w, = 1.11
0.610 0. 680 H/H, = 1/1.11 H o l/w
H. 0. 587 0.728 H/H, = 1124 H_ al/W
0.579 0.719 HJ/H,=11.24 H o /W

3.12 Pressure PRODUCTI ON OF FANS

When energy exchanges between fans and air are expressed per nass
unit of air (h, fanheads), they are functions of air and inpeller
velocities only. Fan airflow rates Q are not influenced by air
densities. \Wen energies are expressed per unit volunme (H, fan
pressures), they are proportional to the air density, since the
correlation between masses and volunmes is the density w.

Consequently, if a fan characteristic H, = f(Q,w) is based on a
certain air density w, the fan and airspeeds (and therefore the
volune flow rate Q) are kept constant, and the fan is nade to work
wth a different density w, the new characteristic
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H, = f(Q,w) can be obtained fromH, = --- * f(Q,w)
Wl

| f the characteristic has been given for a standard air density w =
0.075 Ib/ft® (when fan characteristics are quoted by manufacturers)
the pertinent fan would at a density of w have the characteristic:

\W

Ho=--oe r f(Quw).

W,

S

The airflowrate Q is in all cases the actual volune flow rate of
the air passing through the fan. Wien standardized volune flow
rates Q are used, one has to renenber that they are actually nass
flow rates divided by a constant reference density w:

Q=m/ w.

The actual volune flowate Q of the air through the fan, which
controls the energy exchange, is therefore

Q = Q(w/w.
The fan pressure H', based on a reference density w, is
H = Ho (wW/w) or H = H (w/w).

The consequence for basing ventilation network cal culations on
reference densities is that if fan characteristics have been given:

for actual densities was H =f(Q,w)
or for standardized densities w as H_ 2 = f(Q, w)

they have to be transfornmed to

H = . f(Q (w/w) or to
w

* V\; * *

H = e *f(Q (w/iw)).

Examgles

The pressure H, of a fan has at a density of w = 0.078 Ib/ft® and
at several airflow rates Q been determ ned as

H, = 1.0 - 2.0 (Q * 10° - 0.4) "wg
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If the density of the air passing through the fan changes to

w, = 0.070 Ib/ft?, one will observe a fan characteristic of

H, = (w/w) (1.0 - 2.0 (Q*10° - 0.3)) "wg

|f the density changes to w, = 0.075 Ib/ft® one will observe

H, = (w/w) (1.0 - 2.0 (Q*10° - 0.3)) "wg

It is assuned that this fan works in series with the above

described tunnel of 1,000 ft length and 64 ft® cross sectional area.
The resistance factor of this tunnel had been determ ned as

R = 2.44*10" "wg/cfni at a density of w, = 0.078 Ib/ft’
R = (w/w) R  "wg/cfni at a density of w, = 0.070 Ib/ft’
R = (w/w) R  "wg/cfnf at a density of w = 0.075 Ib/ft’

Pressure loss in the tunnel H and fan pressure H bal ance each
other. Ar flowrates in the tunnel Q and through the fan Q nust

be equal. One obtains for all three air densities.
R*Q@=1-20(Q *10° - 0.3)
Q=Q = 49,770 cfm

Thi s phenonmenon of constant flow rates of air through an airway in
series with a fan irrespective of varying densities is to be
expected. Pressure losses as well as fan pressures are directly
proportional to the density and rise and fall therefore
si mul t aneousl y.

The use of reference units w, Q, Q, H', and H should naturally
gi ve the sane answers as obtained above. One has however to bear
in mnd that all of these reference units are mass units used at
different densities. If, for instance, the volune flow rate Q
remai ns constant but the density w changes, the reference density
volune flow rate Q, which expresses actually the nmass flow rate,
wi |l have to change al so.

Wth H = R(W/w?Q% W = 0.074 Ib/ft° w = 0.078 Ib/ft* and
w, = 0.075 I b/ft®

and R. = R (w/w) ) )
R. =R (w/w) =R (w/w) (w/w) =R
R =R (w/w) =R (w/w) (w/w) =R

one obtains for the pressure |losses in the above described tunnel:

H = R (w/w) (W/w)® Q" =R (w/w)" Q”
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= 2.315%10" (0.074/0.078)° Q* = 2.084*10" * Q°

R’ (0.074/0.070)% Q? = 2.587*10 * Q"

H,
M

R’ (0.074/0.075)% Q2 = 2.254*10 * Q™

The above described fan characteristic of
H,=1.0- 2.0 (Q * 10° - 0.3)

for w = 0.078 I b/ft® has to be transforned to
H

2,

(0.074/0.078) (1.0
(0.074/0.078) (1.0
(0.074/0.078) (1.0

2.0 (Q (w/w) * 10° - 0.3))
2.0 (Q (w/w) * 10° - 0.3))
2.0 (Q (w/w) * 10° - 0.3))

S

The follow ng table conpiles sone of the data fromthese formnul as.

w o Q Q(w/w) H H H (w w) R
(Ib/ft?) cfm cfm "Wy "Wy "wg  "wg/cfnf

= 0.078 52,460 49,770 0.5735 0.5735 0. 6044 2.315*10°"°

1

w, = 0.070 47,080 49,770 0.5735 0.5735 0. 5424 2.315*10°"

2

w, = 0.075 50,443 49,770 0.5735 0.5735 0. 5812 2.315*10°"

S

The hypothetical volune flow rates Q, which stand for mass fl ow
rates, vary. Miltiplied by (w/w) one obtains fromthemthe

act ual flowing volume flowrates Q= Q (w/w, and they renmain
constant. The hypothetical pressure |osses H_ and fan pressures
H', which stand for energies per unit mass or for heads, remain
constant. The pressure losses H = H  (w/w), which stand for
energies per unit volunme, change with the air density. The

resi stance factor R remins constant, which is a pleasant
feature of the use of reference densities. After all, the
resistance is a property of the airway and is not changed by
ventilation conditions.

3.2 MFI RE | NPUT

MFI RE works with masses and reference densities. Al input and
out put energy and airflows are at the reference state. That
means that the input data for airway resistances are R, for air
flowrates in fixed quantity airways Q, and for pressures in
constant pressure sources H, and FL. The friction factor Kis at
the standard state of 0.075 Ib/ft° as this is nost commonly
reported in tables and only used when actual measurenents for R
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are not available. Resistances calculated with the K factor are
adjusted to the reference state as:

Most data on fan characteristics are transforned to the standard
density of w = 0.075 I b/ft°, before comunicated by the

manuf acturers or filed by the users. These fan characteristic
must be transforned to the reference state.

When density changes are caused by tenperatures, the ratio of
absolute tenperatures are used to convert to the reference state.
The ratio T/ T is:

in place Tenperature + 460

reference tenperature + 460

and usually offers only small changes to the ventilation data if
a representative reference state is sel ected.
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3. 21 MFI RE CONVERSI ON RULES

Vari abl e To convert to reference state

R* w/w or
R* T/T

resistance R R
measur ed R

resistance R R =R* w/wor
user cal cul at ed R=R*T/T
resi stance R i nput standard K, |ength, area, perineter
MFI RE cal cul at ed
Airflow Q Q=Q* ww or
nmeasur ed Q=Q* T/T
Airflow Q estimate Q
to be cal cul at ed
friction factor K | nput at standard density of 0.075
fan curve data Renmai ns unchanged
QF airflow
fan curve data H, = H. * w/wor
PF or H_, pressure H, =H,*TT
Fi xed pressure fan H.. = H., * w/w or
|_|fan = |_|fan * T/T
Fixed airflow Q Q=Q* ww or
Q =0Q*T/T
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4.0 PROGRAM | NSTALLATI ON AND OPERATI ON

The program MFIRE 2. 20 consists of three executabl es: M-I REO. EXE,
MFI RE1. EXE and MFI RE2. EXE. The execution, control and
internediate file handling is handled by a batch file,

MFIRE 2.20 was conpiled with Mcroway FORTRAN and the royalty
free ERGO DOS nenory extender was bound into the executable. The
ERGO DOS nenory extender is not conpatible with some nenory

managers. If difficulties are encountered, tenporarily disable
your nenory manager. Networks of up to 500 airways and 350
junctions can be nodeled. Input for MFIRE is in the formof a

data file. The data file contains |lines of nunerical data
descri bing the physical mne, the ventilation paraneters present,
the fans, and the proposed thermal or nechani cal disturbances.

Qutput from MFIRE is sent to the file MFIRE. OQUT which is created
in the directory where the MFI RE program resides. The output can
have up to four |levels of increasing detail. Subsequent
executions of MFIRE will overwite the old MFIRE.QUT file with
the new MFIRE. QUT file. If archiving of MFIRE.OUT files is
desired, they can be renaned with the DOS RENAME conmand to
prevent overwiting. The WFQUT file can be revi ewed and/ or
printed with text editing software.

The equi pnment and additional software necessary to use MIRE
i ncl udes:

1. 1BM PC or conpatible conputer with MS or PC DOS 3.3 or |ater
ver si on;

2. hard disk drive with at |east 2 negabytes of disk space;

3. Intel 80386 CPU and 80387 or conpati bl e math-coprocessor;

4. at |least 1 Megabytes RAM and

5. a text editor or suitable word processor. To install the
program the user should nake a directory on the hard disk drive.
The contents of the programdi sk are then copied into that
directory.
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To start MFIRE 2.20, the user types "MFIRE" and foll ows the
instructions for user responses and the |ocation of the data
file. Two screens of information about the program are presented
foll owed by a pronpt for the user to identify the |location of the
data file. The user responds with a standard DOS path and
filename for the input data file. After a data file nane is

ent ered, dependi ng upon the user defined selection of program
features, MFIRE will sequentially perform

1) General network bal ancing of volunetric air flow rates.

2) Network bal ancing considering tenperatures, heat exchange with
rock, and natural ventilation. This network bal ancing involves
bal anci ng the pressure | osses and gains in the network neshes to
accommodat e nmass based fl ow rates.

3) Dynamc, transient state nodeling with user selected dynamc
fire growh and user selected tine increnments for updating the
ventilation changes and spread of contam nants.

4) Cal cul ation of new ventilation equilibriumdue to contam nant
(fire) presence, and distribution of the contam nants (POC,
nmet hane, etc) under the altered steady state conditions.

4.1 CHANGES IN MFI RE 2. 20 FROM PREVI QUS VERSI ONS

Bug type fixes are described in detail in the file “READVE. 220"
on the distribution disk.

MFI RE 2. 20 renpoved the hum dity cal cul ations available in
versions 2.0/2.1.

For the slection of fan curve fitting, the cubic spline and | east
squares nethods are avail able. For the handling of the boundary
region of the fan curve, there are three choices: 1) the sl opes
of the both right and | eft boundary region of fan curve are sane
as that at the nost right and left data points of input fan
characteristic curve or 2) the slope of the right boundary region
of fan curve is sent to zero or 3) the slopes of right and left
boundary region of fan curve are sent to zero. The flexible
choices for fan curve fitting nethod and the handling of boundary
region of fan curve inprove the comon suitability and

cal cul ati on convergence of program MFIRE for various input data
sets.
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5.0 I NPUT DATA FI LES

Nunerical data or input files are used to describe the mne's
ventilation system and physical characteristics necessary for
ventilation cal culations as well as the physical or nechani cal

di sturbance to be nodel ed and sinulated. Data |lines are read by
the program and the data itens are used to provide information to
t he program vari ables. The data file is in ASCI | format,
sonmetines called a DOS text format. Creation or nodification of a
data file is acconplished with text editor software. Mdst word
processors are al so capable of making the required ASCI I type
files. Sanple data files are included on the program di sk.

When sel ecting software for editing the data files, the user
shoul d be aware that the software will also be used for view ng
the output of the sinulation. An editor or word processor capable
of unlimted file size is necessary. The output file can be
quite large (several negabytes) if a lengthy sinulation is
performed. The output can be sent to a printer for a hardcopy
listing however, the user should also be aware that nost printers
currently used with PCs print at rates of 100 to 300 characters
per second and | arge output files may take several hours to
print. Viewwng the output with a text editor can save nuch tine
and paper.

5.1 CGENERAL STRUCTURE OF DATA FILE

MFIRE 2.20 allows the comment lines utilized by version 1.29. Any
line with a dollar sign “$” in the first colum is ignored.

These lines may be used to easily renove or change data such as
fan curves or fire events and to annotate the data file.

Al together, data |ines conprise the follow ng
data groups.

Control line nunmber 1

Airway |ines

Junction lines (optional)

Fan lines (optional)

Fire source |lines (optional)

Control line nunber 2 (optional)

Aver age-val ue lines (optional)

Time table lines defining condition changes (optional)

A data file nmust be set up according to the input requirenents.
Because errors tend to occur in the preparation of data file, a
tenplate file, INPUT. FMI was created (Appendix 2 of this User

manual ). This file consists of instruction |ines detailing the
data line groups in the required order and the |ocation of each
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data itemon each Iine as well as the neaning of each data item
required. This file serves to rem nd and pronpt the user for data
lines and itens at the proper |ocations.

To use the tenplate, sinply copy the file INPUTWFMI to the data
di sk space, and add data into the data file by adding |ines at
proper places and following the instructions given in the

| NPUT. FMTI file. The user can then use the DOS RENAVME conmmand to
uniquely identify the new data file.

5.2 DATA FORVAT
1. Distinction between an integer and a real nunber is not
required. Integer 5 can be 5, or 5.0 in the data file. Real
nunber 3.0 can be 3 or 3.0 in the data file.
2. A comma and a bl ank space can be used interchangeably as
delimters to separate input values. Two or nore blank spaces
adj acent to one another act as one blank in separating input
val ues. Bl ank spaces adjacent to a conma have no effect in
separating input val ues.

3. Zero values can be onmtted, but the related delimters
(commas) nust be present.

For exanple, if input is needed for the follow ng data itens:
NRSI,T, L, P,M

where: N=5; R=10; S=7.52; 1=0; T=-4; L=0; P=0; and M=O
then the follow ng input |ines would have the sanme effect.
5,10.0,7.52,0,-4.0,0,0.0,0
510 7.52 0 -4 000
510752, ,'41111
5.3 CHANGES IN MFI RE 2. 20 DATA FI LE FROM PREVI OUS VERSI ONS
In Control Line 1, TOUT and CONCT have returned

The Surface Data Junction group have returned.

Comment and Instruction lines are accepted.

The vari able “NSW™ was added as the the third vari able on fan

1

2

3. The time table of vbersion 1.29 has returned.

4

5.

line nunber 1 to select the fan curve fitting nethod.

6. The variable “NPLOT” was added as the third fan line to sel ect
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the treatnment of curve boundry conditions.

5.4 DETAI LED DESCRI PTI ON OF DATA | NPUT REQUI REMENTS
1. Control Line nunber 1 consists of the follow ng vari abl es:
NB, NFNUM | NFLOW NVPN, NETW TR, MADJ, | TN, NTEMP, TI NC, SPAN, | OUT, TOUT, CONCT, DR
wher e:
NB i s the nunber of airways in the network. Maximum NB i s 500.

NFNUM i s the nunber of fans which have characteristic curve input
data. Maxi mum NFNUM i s 10.

| NFLOW i s the nunmber of contam nation sources in the system
Maxi mum | NFLOW i s 10.

NVPN is a flag. |If there are junction cards to be read in, NVPN
must be equal to or less than zero. The junction lines nust be
omtted if NVPNis greater than zero. Wien the junction cards
are onmtted, only the network sinulation will be perfornmed.

NETWis a flag. When NETWequals 1, only the network sinulation
will be performed. The output will consist of conventional
networ k cal cul ati ons w thout consideration of contam nant

sour ces.

TR is the reference or air average tenperature in the nmne in
degrees F. If the input value of TR is less than 10 F or higher
than 110 F., the default value of 75 F. will be used.

MADJ is the maxi mum nunber of iterations in the tenperature
section. If its input is less than 10 or larger than 80, the
default value of 15 will be used.

| TN i s the maxi mum nunber of iterations in the dynam c sinulation

section. If its input is less than 10 or larger than 80, the
default value of 15 will be used.
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NTEMP is a flag. When NTEMP equals 1, only network balancing with
consi deration of tenperature effects are perfornmed. Set NTEWP
equal to O for the sinulation to proceed to transient state and
fire nodeling.

TINCis the time increment for the dynam c sinulation section in
sec. If the input value is 0 or |less, default value of 15 sec.
will be used.

SPAN is the tine span for the dynam c sinulation of the proposed
event in mn. The default value is 5 mnutes.

|OUT is a marker to define the level of detail of the output file
where: O=brief; 1=normal; -1=detailed; and -2 = nost detail ed.

TOUT is the time interval for output in mnutes. If events are
changing significantly, it is not foll owed.

CONCT is a flag used during devel opnment. Set to O.

DR is the reference density in pounds per cubic foot of air
corresponding to the reference tenperature, TR

2. Airway lines. Each line describes a single branch in the
network to be nodel ed. Each Iine consists of the follow ng
vari abl es:

NO, JS, JF, NWI'YP, R, Q KF, LA, A, O, HA, HK, CH4V, CH4PA, TROCK
Wher e:

NO is the airway identification nunmber (ID). NO nust be between 1
and 9980.

JSis the starting junction I D nunber of the airway. JS nust be
bet ween 1 and 999.

JF is the ending junction I D nunber of the airway. JF nust be
between 1 and 999.

NWYP is the marker for airway type. Values of NWIYP can be: 1 =
fan branch (with zero airflow resistance); 0 = nornal airway;
and -1 = fixed quantity airway (regulator). A regulator will be
converted to a normal airway or fan branch after the network

bal anci ng i s performed dependi ng upon the nethod by which the
user-specified airflow requirenment can be satisfied. During the
simulation, a fire source branch will automatically be given
NWIYP val ue of 1.

Ris the resistance of a normal airway in 1.0*E™ in. w.g./(cfm?
When the input value of Ris equal to or less than 0, Rwll be
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calculated fromKF, LA, Aand O If these input data itens are
not conplete, an error nessage wll be issued.
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When the input value of Ris larger than zero, it will override
t he val ue cal cul ated fromKF, LA, A and O

For a fan branch (NWIYP=1), Ris the fan pressure inin. w.g. A
fan without input for its characteristic curve wll be regarded
as a fixed-pressure fan and the value of Rwll be used to define
the fan pressure.

Qis the volune airflowrate in the branch in CFM

KF is the friction factor in 1.0*E™ Ibmtnmin®/ft* The default
value is 100. (Typical Friction Factor values are shown in Table
5 in Appendix 1 of this manual.)

LAis the length of the airway in ft. The default value is 500.

A is the cross-sectional area of airway in ft? The default val ue
is 100. 0.

Ois the perinmeter of airway in ft. The default value is 40.0.

HA is the thermal diffusivity of rock in ft? hr. The default
value is 0. 1.

HK is the thermal conductivity of rock in BTU hr*ft*F The defaul t
value is 3.0. (Typical values for HA and HK for various rock
types are shown in Table 6 in Appendix 3 of this manual.)

CH4V is the methane enission rate for the whole airway in ft¥/ min
under the reference conditions (1 atnosphere and TR). If CH4V is
zero or less, the nethane em ssion rate in the airway wll be

cal cul ated from CH4PA.

CHAPA is the methane emi ssion rate per unit surface area of the

airway in ft¥mn*ft? under the reference conditions. If CH4PA is
input as zero or less, the nethane em ssion rate will be

cal cul ated fromthe nethane concentration in junctions (CHC). If
both CH4V and CH4PA are 0, nethane em ssions are not considered.

TROCK is the rock tenperature in deg. F. of the airway (quasi -
equilibriumwall surface tenperature before the fire started). It
is normally calculated in the programrun and does not require
input fromthe wuser. If the user has better data available, it
may be input here to override the cal cul ated val ue. The
accept abl e range of user specified rock tenperature is fromO F
to 150 F.
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3. Junction Lines section 1 are used to describe conditions and
| ocations of the junctions. Wien NVPN is negative or zero, each
junction referenced in the airway data section nust have a one
line input. Oherwi se, the junction lines nust be omtted.
Junction Lines section 1 consist of four variabl es:

JNO, T, Z, CH4C

wher e,

JNO is the junction ID nunber. It nust be between 1 and 999.
Tis the junction tenperature in degrees F.

Zis the junction elevation in ft. above a datum | evel.

CH4AC is the met hane concentration in pct in the junction.
(optional)

Junction lines section 2 identifies atnospheric junctions. These
are used when the ventilation systemhas nultiple atnospheric
junctions with different elevations. The junctions should be
connected with very | ow resi stance and hoi gh airfl ow branches

wi ch represent the surface connection between the junctions.
Junction lines section 2 consists of three variables: JAN, JA
JATP where:

JAN i s the nunber of atnospheric junctions. JANis on the first
line of the data group. If only one junction is in the
at nosphere, JANis 1 and JA and JATP are not used.

The rest of the data group consists oflines; each |ine describing
an atnospheric junction wwth : JA and JATP where:

JA is the I D nunber of the atnoispheric junction

JATP is a marker for the type of the atnmospheric junction. O is
the value for the starting junction for the simulation and 1 is
th value for all other atnospheric junctions.

4. Fan description consists of three lines. Fan |ine nunber 1
consi sts of three vari abl es:

NCF, MPTS, and NSWI
wher e,
NCF is the ID nunber of the airway in which the fan is | ocat ed.

MPTS is the nunber of data pairs describing the fan
characteristics. Maximum MPTS is 10.
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NSW' is a marker to select the type of curve fitting. 1 selects
| east squares; 2 selects the spline nethod; 3 allows the conputer
to auto select and 4 is a conbination of manual and autonatic.
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5. Fan line nunber 2 consists of data pairs describing the fan
characteristic curve in the form

QF, PF, QF, PF, QF, PF, QF, PF, QF, PF

Were QF is the airflow through the fan in cfmand PF is the fan
pressure in in. wg. corresponding to QF. For each data point, a
pair of QF and PF data nust be specified. Up to 5 pairs of QF and
PF data points may be on a line. A maxi mumof 10 data points or
two |lines may be used to describe the fan characteristics. The
line order of the input points of the fan curve nmust be in
ascendi ng nunerical order fromsmall QF to |arge QF

Fan |ines nunbers 1 and 2 describe one fan. Additional fans are
descri bed by addi ng another set of fan lines nunbers 1 and 2. The
nunber of fans described here nust equal NFNUM on control |ine
nunber 1. If NFNUMis zero or less, fan lines 1 and 2 nust be
omtted.

Fan |ine ninber thee consists of one variable NPLOT. NPLOT
selects the treatnent of the fan curve in regions undefined by
the fan data set. |If NPLOI=1, the curve is extended foll ow ng
it’s gradient at both ends. |If NPLOI=2, the left boundry is
extended following it’'s gradient and the right boundry is sent to
zero. |If NPLOT=3, both boundries are sent to zero.

6. Contam nation (fire source) lines consist of up to nine
variables. Data item INFLOWNVin control |ine nunber 1 indicates

t he nunber of contam nation sources that are present in the
ventil ation system Each of the contam nation sources requires a
one line data input. If the input value of INFLOWNin control line
nunber 1 is zero or less, contamnation |ines nust be omtted.
Contam nation lines may include the follow ng data itens:

NCENT, CONT, CONC, HEAT, @2M N, SMPQ2, HTPQO2, QCENT, TPR

wher e,

NCENT is the ID nunber of the airway with a fire source | ocated
at the entrance of the incom ng airflow.

CONT is the contam nated gas inflow fromthe contam nati on source
in cfm

CONC is the concentration of funes in the contam nated gas, CONT,
in pct.

HEAT is the heat influx at the fire source in Btu/mn.

2M N is the oxygen concentration |eaving the fire source in pct.
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SMPQ2 is the fume production in ft® for each ft® of oxygen
reaching the fire source.

HTPQ2 is the heat generation in BTU for each ft® of oxygen
reaching the fire source.
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CONT, CONC and HEAT define a fixed heat input fire source. O2MN
defines an oxygen rich fire. SMPQ2 and HTPQ2 define a fuel rich
fire. Wien they all have non zero input val ues, the oxygen rich
nodel overrides fixed heat input fire nodel, while the fuel rich
fire nodel overrides the oxygen rich nodel. The oxygen rich and
fuel rich fires are primarily research tools. While the oxygen
rich and fuel rich fire nodels were retained in MFIRE 2.0, the
fixed heat output nodel will be suitable for nbst m ning uses.

QCENT is the reference airflowin ft® at which the above
paraneters are defined. Wien the airflowis |ess than or greater
t han QCENT, the heat generation fromthe fire source wll
decrease or increase accordingly but in a danped fashion. If
QCENT is less than 10 cfm the danping is not perforned.

TPR is the leading tinme period in mn. for an oxygen rich fire to
reach full strength. Heat generation is calculated fromavail able
oxygen. Increasing the airflowto a fire will increase heat

out put, however the heat output will lag the increased airflow
The quantity of lag will vary with the fuel type and is user
defined with TPR The effect is linear over the tinme TPR

9. Control Line nunber 2 consists of the foll ow ng vari abl es:

NAV, JSTART, TSTART, TI ME, CRI TSM CRI TGS, CRI THT, WRNPR, W\RNSM W\RNGS,
VRNHT

wher e:

NAV is a marker. If NAV is 1 or larger an average value card is
present in the data file to supply required val ues which may have
been omtted in the data file.

JSTART is the I D nunber of starting junction in the ventilation
system At the junction of JSTART (usually the atnosphere),
condi ti ons never change .

TSTART is the air tenperature at the starting junction in deg. F
TIME: tinme span to assune quasi-equilibriumin hrs. Default 5.

CRITSMis the accuracy criterion for fune calculation in pct. The
default value is 0.005.
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CRITGS is the accuracy criterion for methane calculation in pct.
The default value is 0.01.

CRITHT is the accuracy criterion for tenperature calculation in
deg. F. The default value is 0.1

WRNPR i s the pressure drop criterion inin. wg. for issuing a
war ni ng message. The default value is 0.01l.

WRNSM i s the fune concentration criterion in pct. for issuing a
war ni ng message. The default value is 0.05.

WRNGS i s the met hane concentration criterion in pct. for issuing
a warni ng nessage. The default value is 1.0.

WRNHT is the high tenperature criterion in deg. F for issuing a
war ni ng nmessage. The default value is 100.0 degrees F

The | ast seven data itens serve as cal cul ation accuracy criteria
or warning nessage issuing criteria. In nost cases, the avail able
default values will be suitable. To activate the respective
default values, place a zero at that location in the data file.

10. The average value line consists of a set of average val ues
for data itenms which are required for the programto run. The
average value line supplies these data itens if they can not be
obtained fromthe data file or default values. These itens are
used to supply unknown or omtted data. The presence of an
average value line is indicated by a value of 1 or greater for
the variable NAV in control |ine nunber 2. These itens include:

HAAVR, HKAVR, KFAVR, LAAVR, AAVR, QAVR
wher e,

HAAVR i s the average thermal diffusivity of rock in ft? hr. The
default value is 0. 1.

HKAVR i s the average thermal conductivity of rock in Btu/hr*ft*F.
The default value is 3.0.

KFAVR i s the average friction factor in
1.0*E” I bnm*m n? ft®. The default value is 100.

LAAVR is the average |l ength of an airway in ft. The default val ue
is 500.
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AAVR is the average cross sectional area of an airway in ft® The
defaul t value is 100. 0.

OAVR is the average perineter of an airway in ft. The default
val ue 40.0

To select a default value, use zero for the respective data item
If the entire set of default values are to be used, set NAV=0 on
control line nunber 2 and omt the average val ue line.

Time table lines for describing condition changes during the
dynam ¢ sinul ation can consist of seven types of condition
changes related to the variable | CODE. Each event is described by
one line of data variables. The general input schene for the
line is: TS, ICODE and related data. TS indicates the starting
time of the condition change, and | CODE defines the nature of the
condition change. NBR identifies the airway where the event
occurs. There is no limt for the nunber of events. The order of
events nust be fromsmall TS to large TS. Tine table |ines,

| CODEs and the paraneters are defined as:

TS, 1, NBR R

The 1 CODE 1 changes branch "NBR' to an ordinary airway with
airflow resistance equal to "R' at "TS'" mnutes after tine=0.
"R' is expressed in 1.E-10 inches WG /(CFM >

TS, 2, NBR, | NDEX
QF1, PF1, QF2, PF2, QF3, PF3, QF4, PF4, QF5, PF5

The | CODE 2 changes branch "NBR' to a fan branch. The fan is
descri bed by "INDEX'" nunber of points on its fan curve. A

maxi mum of 5 points is allowed. Each point on the fan curve is
defined by an airflow quantity (QF) and correspondi ng pressure
(PF) value. Quantity is expressed in ft*mn and pressure is
expressed in inches WG The points nust be listed in ascendi ng
order of QF.
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TS, 3 NBR, CONT, CONC, HEAT, 02M N, SMPQ2, HTPQ2, QCENT, TPR

The 1 CODE 3 changes branch "NBR' to a fire source branch at "TS"
m nutes after tine=0. The remaining variables CONT, CONC, HEAT,
2M N, SMPQ2, HTPQ2, QCENT, TPR retain the sane neanings and are
expressed in the same units as in the contam nation source |ine.

TS, 4, NBR
The 1 CODE 4 changes fire source branch "NBR' to an ordinary
airway at tinme "TS'" mnutes after tine=0.

TS, 5, TINC
This input changes the tinme increnment of the dynam c sinulation
to a new value "TINC' at "TS'" mnutes after time=0. "TINC' is
expressed in seconds.

TS, 6, TOUT

The tinme interval for output is changed to TQUT at TS m nutes
after tinme zero.

TS, 7, JDPP

At tinme TS detgailed output results will be shown for airways on
t he i medi ate down stream side of the junction JDPP
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6.0 QUTPUT FILES

Al'l output is saved in the file MFIRE.QUT in the directory and/or
di sk containing the program The file name MFIRE. QUT i s hard-coded
into the program  Subsequent MFIRE runs will over wite the old
file. Sinmply rename the old MFIRER QUT file if archiving is
desired. The file can be inspected with a text processor and sent
to a printer, if needed.

6.1 CONTENTS OF THE OUTPUT FI LE

The coment |ines, reference tenperature, air density, a table of
the units of nmeasure for the results and the average values are
shown at the start of M-I RE. OQUT.

Al'l input data will be shown in the output file if IQUT on Contro
line nunber 1 is -1 or |less. For each contam nation source, a new
branch will automatically be set up. The new airway and junction |ID

nunbers will not interfere with the original nunbering schene of
the data file.

Next are the results of the selected sinulation(s) in the follow ng
or der: net wor k bal anci ng, net wor k bal anci ng consi deri ng
tenperatures, transient state nodeling, and altered equilibrium due
to fire and distribution of the contam nants.

Dependi ng upon the contents of the data file and the sinulation

sel ected, attention, warning, and error nmessage W ll be shown at
| ocati ons where cal culations resulted in unusual conditions.
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7.0 MFI RE ERRORS

The wusual run tinme errors will occur when illegal nmathematica

operations are attenpted by MFIRE. A variety of nenory nanagenent
errors are possible as well. MIRE Wll run best on a "plain" DOS
machi ne. Di sabling non conpatible nenory managers will usually
all ow MFIRE to execute.

7.1 DATA FI LE ERRCRS

Two types of data file errors can occur

1. An error may occur because the input data file itself is
invalid. This may be caused by:

The data file can not be found due to incorrect spelling, drive or
pat h specification. Check the spelling and path at the pronpt for
| ocation of the data file.

The data file contains non-ASCI1 synbols. Check the operation of
the text processor to insure that only ASCI| characters are
produced. Delete all non ASCII and/or all out of place characters.

2. Data are accepted by the program but are incorrect for the data
types or ranges or the conbination causes a data inconsistency.
This may be due to:

An [nvalid character is located where a nunerical value is
required.

The input data value is outside the reasonabl e range.
The input data is insufficient to build the nodel for sinulation.

The input data exceeds the capacity of the program

7.2 PROGRAM ERROR DETECTI ON

When the program is running, tracing nessages are given on the
screen indicating the group and lines of data that have been read
and the section of the program that is executing. Program
term nation indicates that problens are caused by the subsequent
(not read) data file section.

For each detected error, a descriptive nessage starting wth:

* ERR *
is issued and the programterm nates.
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Wien a possibly wong value and/or its calculated internediate
result is detected, a descriptive nessage starting wth:

* WRN *
is issued and the program conti nues.

If a nodification of input value or calculated internediate result
is automatically made by the program a descriptive nessage
starting wth:

* ATTN *
is issued and the program conti nues.

7.3 LOCATI NG ERRORS

If a nessage indicates that the error condition occurred due to the
data input file, locate the line and the value of input data item
whi ch caused the error with the screen nessage, output file nessage
and the lists of input data.

If no error nessage is issued but the sinulation results are not as
expected, carefully check the list of input data shown in the
output file.

WARNI NG nessages and ATTENTI ON nessages may reveal an error in the
i nput data even though the program continues to operate. Insure
that the default values or nodifications adopted by the programrun
are accept abl e.

Anomal i stic data, though not necessarily incorrect or inpossible,
may |lead to an anonal ous simnulation. For exanple, making a fan
unusually powerful nmay prevent a normal strength fire from
affecting the airflow distribution in the system Mch care nust be
enpl oyed before considering an extrene case. If a nessage
indicates that the accuracy criterion in the tenperature section of
the program was not satisfied, a table detailing the current
paraneters of airways which have large fluctuation in the average
air tenperature fromiteration to iteration is produced. If the
pattern of the parameters is clearly cyclical while the variation
of natural ventilation pressure is stable or «cyclical from
iteration to iteration, then, nost likely there is no single
equilibrium stage for the event. If the variation of natural
ventilation pressure decreases steadily though slowly, increasing
the value of data item variables MADJ or ITN (on control |line
nunber 1) may all ow convergence.
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8.0 MODELI NG FI RES

This section outlines procedures for using MFIRE to nodel fire
events in a mne. The follow ng subsections describe the three
types of fires MFIRE can nodel, criteria for choosing the nost
suitable fire type for a given situation, specifying the nunerica
paranmeters which define a given fire, and interpreti ng MFl RE out put
resulting froma fire simulation. A variety of case exanples are
provided which illustrate the nethods discussed. Various data
tables are included in the Appendix which can be used to help
specify fire paraneters.

MFIRE was originally developed as a research tool to aid in
analyzing the «conplex interactions between fires and mne

ventilation systens. The primary enphasis was on ventilation
aspects, however the nethod of nodeling fires is also quite
i nvol ved. A thorough understanding of MFIRE's fire nodels is

therefore required if meaningful fire sinulation results are to be
achi eved.

8.1 Ceneral Information and Basic Assunptions

MFI RE users can choose from anong three types of fires to
appropriately nodel a given fire situation. The three types are:

Fi xed Heat Input Fire
Oxygen Rich Fire
Fuel Rich Fire

The characteristics of each fire type, and the selection criteria
for determning the fire type which nost appropriately suits a
gi ven situation are provided bel ow.

For oxygen rich and fuel rich fires, MIRE assunes conplete
conbustion of a hydrocarbon fuel to produce carbon dioxide (CQ) and
wat er . Accordingly, throughout MFIRE and its acconpanying
docunentation, the term"funmes" refers to CO, and the cal cul ation
of funme concentration is based on an idealized ratio nultiplier
rel ating oxygen consuned by the fire and CO, produced by the fire.

However "real world" fires produce a variety of conbustion
products, and many M-I RE users are concerned wi th products other
t han CO, such as carbon nonoxide (CO. MIRE allows the user to
nodel the production of other conbustion products by specifying a
fume production rate corresponding to the conmbustion product of
interest and the fire scenario simnulated.

Anot her basi c assunption incorporated in MFI RE concerns the anount
of heat generated by conbustion.
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MFI RE assunes 437 BTU of heat are produced for each cubic foot (ft?
of oxygen (Q) consuned by a fire. Since not all fires necessarily
conformto this relationship, some MFIRE users may wi sh to node
fires producing heat at a rate other than 437 BTU ft® of oxygen.
This option is available within the program and the procedure for
doing so is described later in this section.

8.2 Fixed Heat Input Fire
The fixed heat input fire refers to a fire which is defined by a
specified heat influx and a specified fume production rate. Three

MFI RE vari ables are used to specify a fixed heat input fire are:

HEAT - heat influx at the fire source,
expressed in BTU mn

CONT - fune Production rate, expressed
inft’/mn

CONC - concentration of fumes produced,
expressed in percent

Mbst MFIRE users will find the fixed heat input fire to be the nost
generally applicable fire type for routine fire nodeling purposes.

Met hods for selecting appropriate values for the fixed heat input
fire variables to realistically represent a desired fire are
di scussed in Sections 8.6 through 8.11. Section 8.12 contains
exanpl es of these cal cul ati ons.

8.3 Oxygen Rich and Fuel Rich Fires

Oxygen rich and fuel rich fires are special case fires which
descri be conmbustion behavi ors sonewhat unique to mne situations,
and they are distinguished by the node of pyrolysis. Conbustion
occurs whenever sufficient pyrolyzed fuel and oxygen are present at
or above the ignition tenperature. The node of pyrolysis, or the
heating of a fuel surface to generate gaseous fuel necessary for
conbustion, affects the characteristics of the fire and the extent
to which the limted anmount of oxygen available is consunmed by the
fire.

8.4 Oxygen Rich Fire
In the oxygen rich case, heat produced by the fire is transferred

to unburned fuel surfaces through convection and radi ation, causing
pyrolysis in a largely |localized process near the flane.
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Much of the air passing through the fire zone is not involved in
pyrolysis or conbustion, resulting in noderate to high oxygen
concentrati ons downstreamfromthe fire.

An oxygen rich fire is defined by the concentration of oxygen
contained in the ventilation stream downstream from the fire.
MFI RE cal cul ates a corresponding heat influx due to the fire by
mul tiplying the nunber of cubic feet per mnute of oxygen | ost
t hrough conmbustion by the standard conbustion ratio nmultiplier (437
BTU per cubic feet of oxygen consuned).

The MFI RE variable which is used to specify an oxygen rich fire is:

2MN - O concentration downstream from
fire, expressed as percent O

MFI RE assunmes a nom nal anbi ent oxygen concentration of 21 pct. in
an uncontam nated air flow

8.5 Fuel Rich Fire

In the fuel rich case, the fire zone is so |large and so hot that
the entire quantity of air passing through the fire zone is heated
to a tenperature sufficient to cause pyrolysis of fuel. The heated
air passing though the fire zone pyrolyzes any fuel it contacts.
The pyrolyzed fuel burns intensely until all available oxygen in
the air streamis depleted. Fuel continues to pyrolyze, but cannot
burn due to lack of oxygen. Pyrolyzed but unburned fuel remains in
t he downstreamventilation, giving rise to the termfuel rich fire.

The heat release rate from a fuel rich fire is defined by the
ventilation rate through the fire zone and a user-defined heat
rel ease per cubic foot of oxygen delivered to the fire. VFI RE
calculates a corresponding heat influx due to the fire by
mul tiplying the nunber of cubic feet per mnute of oxygen | ost
t hrough conbustion (which is sinply 21 pct. of the total air flow)
by the user-defined heat rel ease per cubic feet of oxygen consuned.

Fume production is also defined by the user. The M-I RE vari abl es
whi ch are used to specify a fuel rich fire are:

SMPQ2 - fune production, expressed in ft° of
fumes per ft® of Q consuned

HTPO2 - heat generated, expressed in BTU s
per ft® of Q consuned

For a given fuel |oading and ventilation rate, a fuel rich fire
burns nore intensely than an oxygen rich fire. Fuel rich fires
propagate faster, produce higher tenperatures and higher
concentrations of conbustion products (possibly in the explosive
range), and consume nore oxygen.
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For these reasons, fuel rich fires represent a far greater hazard
t han oxygen rich fires. Depending on the fuel |oading, ventilation
rate, and intensity of the ignition source, a fire my start as
oxygen rich, only to "junp state" to becone fuel rich

Fortunately, fuel rich fires are extrenely rare events. It is
estimated that |less than 0.1 pct. of mne fires reach the fuel rich
st at e.

When only CONT, CONC, and HEAT have non-zero values in an input
data file, a fixed heat input fire is nodeled. |If these variables

have non-zero values, but O2MN also has a non-zero value, the
oxygen rich case overrides the fixed heat input fire, and an oxygen
rich fire is nodeled. Likewise, if the foregoing variables have
non-zero val ues, but SMPQ2 or HTPQ2 al so have non-zero val ues, the
fuel rich case overrides the fixed heat input and oxygen rich
cases, and a fuel rich fire is nodel ed.

8.6 Estimating Fire Paraneters

Al t hough the MFIRE programw || accurately nodel any of the three
fire types described above, the wuser nust properly specify
numerical values for the fire variables if the results are to be
meani ngf ul .

The two critical paraneters which define the intensity of the fire
and its effects on a mne's ventilation system are heat rel ease
rate and funme production rate. The heat release rate determ nes
the thermal energy released into the mne. This thermal energy
creates throttling and buoyancy effects, which in turn, cause
changes in air flowrates, changes in nethane concentrations due to
dilution effects, reversals, recirculation, etc. The fune
production rate determ nes the anount of conbustion funmes produced
by the fire and therefore, the concentration of funmes throughout
t he networKk.

For fixed heat input fires, the heat release rate and fune
production rate are inserted directly into the MFIRE input data
file by the user. Normal Iy, the user finds it necessary to
cal cul ate values for these paraneters using fundanmental conbustion
data for the fuel or fuels involved in the sinulated fire. These
cal cul ations are perfornmed separate fromthe MFI RE program and the
results are the direct determ nation of values for the variabl es
HEAT and CONT.

For oxygen rich and fuel rich fires, heat release rate and fune
production rate are specified indirectly by the user when val ues
are assigned to the variables O2M N, HTPQ2, and SMPQ2. However,
for meani ngful oxygen rich and fuel rich fires to be sinulated, the
user may need to performsimlar calculations as are required when
speci fying paraneters for a fixed heat input fire.
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These cal cul ations are perfornmed separately fromthe M-I RE program
to determne heat release rate and funme production rate using
fundanment al conbustion data for the fuel or fuels involved in the
simulated fire. Once the heat rel ease and fume production rates
are known, values for Q2MN, HIP®2, and SMPO2 can be easily
deri ved.

8.7 Heat Rel ease Rate and Burning Rate

Heat release rate is determ ned by the follow ng fornul a:
H =B x H
wher e:
H is heat release rate, expressed in BTU mn
B, is burning rate, expressed in |bs/mn; and
H is heating value of the fuel, expressed in BTU IDb

Burning rates are estimated or neasured. For exanple, if a 100-
pound stack of wood burns in 40 m nutes, the average burning rate
is 2.5 | bs/mn.

8.8 Conpl ex Assenblies and Multiple Fuels

Al t hough sinple in theory, specifying burning rates for many m ne
fire scenarios can be quite tricky. For exanple, an MFI RE user nay
wish to nodel a fire involving nmultiple fuel sources conbined into
a highly conplex assenbly - for exanple, a |oad-haul-dunp or a
conveyor drive.

This problem has been addressed for residential and conmerci al
occupanci es. Full scale fire tests have been conducted, and
burning rate, heat release rate, and fune production rate data have
been experinentally obtained for comon residential and office
furni shings such as uphol stered chairs, sofas, carpeting, conputer
work stations, etc. However, actual experinmental data on burning
rates and heat release rates for "real world" mne fire hazards are
not avail abl e. This forces the MFIRE user to estimate these
critical paraneters.

The recommended nmethod for estimating burning rates, heat rel ease
rates, and fune production rates for a conplex assenbly presenting
multiple fuels involves 4 steps:

1. conceptualize a specific fire scenario and subdivide the
fire into discrete phases;
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2. for each phase, individually determ ne heat rel ease rate
and funme production rate for each fuel material;

3. sumthe heat release rates and fune production rates for
each phase;

4. use the Tine Table feature of MFIRE to specify a "new'
fire corresponding to the tine sequence and fire
paraneters of each phase.

Normal |y, a conplex fire scenario can be subdivided into a sequence
of phases, with each phase defined by its duration and fuels
i nvol ved. Each phase should represent a different stage in the

growm h and devel opnent of the fire. | deal | y, each phase woul d
i nvol ve steady-state burning of a specific conbination of fuel
materials. As a fire grows in intensity or a different fuel

mat eri al becomes involved, a new phase would start. Wen all the
phases are conbined into a continuous sequence, they approxi mate
the total fire, only in a step-wi se fashion. Case exanple 7 at the

end of this chapter illustrates the application of this
nmet hodol ogy.
Clearly, this process is inprecise at best. The conceptualized

fire scenario may or may not be realistic. The estinmated burning
rates of the individual fuels may or may not be reasonable. The
step-wi se approximation of the total fire may be a significant
departure from reality. Therefore, MIRE users are urged to
performnultiple sinmulations using input data which spans a range
of possible values, and analyze the results to assess overall
effects.

For exanple, a user m ght be concerned about the potential for the
air flowin a certain escapeway to be contam nated by conbustion
products froma fire occurring at a distant location in the m ne.
To mnimze unnecessary calculations, this user mght wish to
initially performa sinulation of a fire which is significantly
| arger than could be realistically expected at that |ocation. Very
little effort would be required to "guess" at these unrealistically
hi gh values for the fire paraneters. |If this size fire produces a
| evel of contamnation in the escapeway or other ventilation
di sturbances which are considered to be acceptable (ie: such that
escape would not be inpaired), no further analysis my be
necessary. If this size fire produces an unacceptable |evel of
contam nation, the extra tinme and effort required to "fine tune"
the estimates of fire paraneters mght then be justified.

8.9 Ventilation Velocity Effects
Anot her conplicating factor is the effect of ventilation velocity

on burning rates and resulting heat rel ease rates.
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Wthin practical ranges of ventilation velocity, burning rates tend
to increase with increased ventilation velocity and decrease with
decreased ventilation velocity. Thus, if a fire causes an increase
or decrease in ventilation, it should cause a corresponding
i ncrease or decrease in burning rate.

This conplication is automatically accommpdated wi t hin Ml RE when
an optional reference airflow rate variable is wused. As
ventilation flows change due to a fire, heat release rates for the
fire are automatically adjusted upward or downward accordingly. A
danping factor maintains heat release rates wthin reasonable
[imts, preventing upward adjustnments from exceedi ng double, and
downward adjustnments fromfalling |lower than one-half, the initia

heat release rate of the fire.

8.10 Heating Val ues of Fuels

Heating val ues of fuels are determ ned experinentally and published
in the engineering literature. Heating values of standard fuels
such as wood (various species and noi sture content), coal (various
seans and sources), coke, petroleum oil products, etc. are
publ i shed i n handbooks of mechani cal engineering, fire protection
engi neering, conbustion engineering, and chem stry and physics.
Heati ng val ues of sone specialized mning materials (conveyor belt,
brattice, etc.) have been experinentally determ ned by the Bureau
of M nes and published in various Bureau reports. Heating val ues
for a representative sanple of mne conbustibles are provided in
Table 1 of the Appendi x.

8.11 Fune Production

Fume production rates are determ ned by the follow ng formnul a:

Fiw = H XB
wher e:
F. e is the fune production rate for the conbustion
product of interest, expressed in ft°/ mn;
H is heat release rate, expressed in BTU m n; and
3 is the production rate constant for the

conmbusti on product of interest

Val ues of R for the two nost common conbustion products, GO and CO
have been experinentally derived for a variety of mne conbusti bl es
during both flam ng and snol dering conbustion. These B values are
contained in Table 2 in the Appendi x.
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The basic rel ationshi ps between the various fire paraneters are
summari zed in Table 3 in Appendix 3. Table 4 in Appendix 1 shows
conversion factors to perform unit conversions for [ values (B
val ues often appear in the literature in Sl units, however MIRE
requires B values to be expressed in English units).

Fume production rates are expressed in ft’min in an MFIRE input
data file, while "funmes" in an MIRE output, are expressed in
percent. Expressing funmes in percent formin the output file can
be sonmewhat confusing and cunbersone, particularly for sinulations
of small to noderate sized fires where fune concentrations may be
orders of magnitude less than 1% This is especially true for
simul ati ons of CO production, since CO concentrations are usually
expressed in parts per mllion (ppn. To aid in interpreting
output, users are remnded that the conversion factor between
percent and ppmis "x 10,000." For exanpl e:

0.001% = 10 ppm

0.01% = 100 ppm
0.1% = 1,000 ppm
1% = 10, 000 ppm

8.12 Fire Mdeling Exanples
Several exanples are provided to illustrate the nethods for

determ ning appropriate nunmerical values for the critical fire
paranmeters required for MFIRE fire simnul ations.
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Exanmple 1
Determ ne heat release rate and CO and CO, production from a
transfornmer oil spill fire. The fire is contained in a 12 by 15 ft
area (180 ft?, and the spill occurred in a mne entry having a
ventilation rate of 120,000 CFM The fuel has a heating val ue of
20,000 BTU I b, a specific gravity of 0.72 (density of 45 Ib/ft?)),
and a known burning rate, which is expressed as depth of fuel
burned per unit tinme, of 8 in/hr (0.011 ft/mn).
la. For heat rel ease rate:
H =B xH
= 180 ft* x 0.011 ft/min x 45 Ib/ft® x 20,000 BTU | b
= 1,782,000 BTU m n
1b. For CQO, production rate:
I:r(CP) = |_|r X B

1,782,000 BTU nmin x 0.0015 ft°/ BTU

2673 ft*/mn of CO

1lc. For CO production rate:
Fiw = H XB
1, 782,000 BTU nmin x 0.00009 ft* BTU

= 160.4 ft¥ mn of CO

For this exanple, if a fixed heat input fire were to be nodel ed,
values for the fire variables would be as foll ows:

HEAT = 1782000 (1,782,000 BTU min)

CONT = 2673 (for CO, 2673 ft°/ min)

CONT = 160 (for CO 160 ft*/ min)

CONC = 100 (contam nate assuned at 100 pct.)
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Exanpl e 2

Determ ne heat release rate and CO and CQ production froma fire
a pile of Pittsburgh seamcoal. The cone-shaped pile is 15 ft
dia and 6 ft high (360 ft°), and the bulk density of the broken coa
is 50 lb/ft” The pile burns with visible flames, and is
conpl etely consuned over a 48 hr peri od.

in
in
|

2a. For heat release rate:
H =B x H
= 6.25 Ib/mn x 14,000 BTU | b
87,500 BTU nmin

2b. For CO, production rate:
Fiew = H X R

= 87,500 BTU min x 0.0017 ft° BTU
= 149 ft¥ mn

2c. For CO production rate:

I:r(CP) = |_|r X B
= 87,500 BTU min x 0.00014 ft° BTU

= 12.3 ft’/mn of CO
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Exampl e 3

Determ ne heat release rate and CO and CO, production froma wood
crib fire. The 8 ft high crib is constructed from 4 ft |ong
Dougl as fir (density of 35 Ibs/ft® 6x6's, solid stacked. The crib
is conpletely consuned in 3 hrs, resulting in an average burning
rate of 25 | bs/ mn.

3a. For heat release rate:

H = B x H,
=25 Ib/mn x 8,000 BTU I Db

200, 000 BTU m n

3b. For CO, production rate:

= 200,000 BTUW min x 0.0020 ft°/ BTU
400 ft*/ min of CO

3c. For CO production rate:

= 200,000 BTU min x 0.00005 ft® BTU
= 10 ftmn of CO
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Exanpl e 4

Esti mate the downstream oxygen concentration froma coal pile fire
for nodeling an Q rich type fire. (Use the coal pile fire from Case
Exanpl e 2, and assune 50,000 CFM ventil ation.)

87,500 BTU min + 437 BTU ft® Q = 200 ft* min Q consumed
O inflow = 0.21 x 50, 000 = 10,500 ft¥mn Q
10,500 ft*/min Q - 200 ft¥nmin Q = 10,300 ft/mn Q
10,300 ftmn Q =+ 50,000 ft*/mn = 0. 206

downstream Q, = 20. 6%
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Exampl e 5

How | arge a fire is required to reduce the downstream Q, content of
the ventilation streamto 16% (Assune 50,000 CFM

O, depl etion = 21%- 16% = 5%
5% O, x 50,000 ft* min = 2,500 ft*/mn Q
2,500 ftmin Q x 437 BTUft® Q = 1,092,500 BTU nin

A fire generating 1,092,500 BTU mn would consunme 10 barrels of
di esel oil/hour, 4 tons of wood/ hour, or 2.7 tons of coal/hour.
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Exampl e 6

How |l arge a fire is required to produce a "fuel rich" fire state?
(assune 50,000 CFM ventilation, and recall that a "fuel rich" fire
consunes all O inflow)

0.21 = 10,500 ftmn Q
x 437 BTU/ft® O, = 4,588,500 BTU min

5 5

X
O

2

50, 000 ft°/ mi
10,500 ft*/ m

A fire generating 4,588,500 BTU m n would consune over 40 barrels
of diesel oil/hour, 17 tons of wood/ hour, or 11 tons of coal/hour.
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Exanmple 7

Estimate heat release rate and CO production from a fire on a
di esel - power ed | oad- haul -dunp vehicle. The fire starts when a pin-
hol e | eak occurs in a 4,000 PSI hydraulic |line which sprays fuel
onto a hot exhaust manifold. After 1 mnute, various hoses and
electrical wiring begin to burn. Two mnutes later, the hoses burn
t hr ough, providing additional |iquid hydrocarbon fuel (HC). Eight
mnutes later, pressure in the hydraulic system has decayed,
stopping the original pin-hole leak and greatly reducing the
hydr ocarbon fire, however both rear tires begin to burn.

At T =0 mnute, oil begins to |leak and the fire ignites al nost
i medi ately (assunme 0.5 mmorifice):

Hr(pin hol e)

20,000 BTUIb x 4 I b/Mn = 80,000 BTU M n

CO

(pin hole)

0. 00009 ft*/ BTU x 80,000 BTUMN = 7.2 ft’/Mn

At T =1 mnute, pin hole |eak continues; hoses and wiring begin
bur ni ng:

Hwnme = 20,000 BTUIb x 4 Ib/Mn = 80,000 BTU Mn
H nosee) = 14,000 BTUIb x 2 I b/Mn = 28,000 BTU M n
H i = 15,500 BTUIb x 1 Ib/Mn = 15,500 BTU M n
H ot = Hoinnoeg T Hiosens ¥ Heuiring

= 80,000 + 28,000 + 15,500 123,500 BTU M n

CO,n e = 0.00009 ft°/BTU x 80,000 BTUmn = 7.2 ft*/mn
CO oses) = 0.00012 ft°/ BTU x 28,000 BTUnin = 3.4 ft%mn
COuiri o) = 0.00012 ft*% BTU x 15,500 BTU nin = 1.9 ft¥ mn
CcO = CQ + CQ + CQ

(total) (pin hole)

=7.2+3.4+ 1.9

(hoses) (wiring)

= 12.5 ft°/ BTU
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At T = 3 mnutes, hoses burn through, releasing additional liquid
hydr ocarbons (estinmate 10 Gal/ M n):

H e = 20,000 BTUIb x 60 Ib/Mn = 1,200,000 BTU nin

Hr(total) = Hr(pin hol e) + Hr(hoses) + Hr(\M'ring) + Hr(HCs)
80, 000 + 28,000 + 15,500 + 1, 200, 000

1, 323,500 BTU mi n

CO 0. 00009 ft*/ BTU x 1,200,000 BTWnin = 108 ft*/ min

(HC's)

CO = CO + CO

(total) (pin hole) (hoses)

7.2 + 3.4 + 1.9 + 108

+ CO

(wiring)

+ CO

(HC's)

120.5 ft° BTU

At T =11 mnutes, hydraulic system pressure decay has reduced HC
fuel flow fromoriginal pin hole |eak and subsequent hose burn-
t hr ough, however hoses and wiring continues to burn and rear tires
are burning:

H,c, = 20,000 BTUMnN x 2 Ib/Mn = 40,000 BTUMn
H i reo = 14,100 BTUMn x 8 |b/Mn = 112,800 BTU M n
Hr(total) = Hr(hoses) + Hr(\M'ring) + Hr(HCs) + Hr(tires)

28,000 + 15,500 + 40,000 + 112,800

196, 300 BTU M n

CO,c, = 0.00009 ft°/BTU x 40,000 BTU = 3.6 ft¥min
Col = 0.00012 ft* BTU x 112, 800 BTU = 13.5 ft¥min
cO = CO,.. + CO + 0O, + CO

(total) (hoses) (wiring)

3.4 +1.9+ 3.6 + 13.5

(HC s) (tires)

22.4 ft°/ BTU
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9.0 MFI RE APPLI CATI ON EXAMPLES

The following exanples illustrate various MIRE fire nodeling
capabilities. They are intended as tutorial aids to help acquaint
new MFIRE users with techniques for nodeling fires and for
interpreting results of fire simulations.

The si mul ati ons are_based on tmo_nine networks; one a multi-I|evel
m ne, the other a single-level mne.

9.1 Multi-Level Mne Exanple

The multi-level mne ventilation network is depicted in Figure 1
A main fan, in a blowng node, is used to course ventilation air
into the mne on the bottom |evel. Air flows upward through
drifts, raises, and old stopes, and exits the m ne's upper |evels
t hrough two portals.

For this exanple, a fire is simulated in branch 9, which is a 110
foot long inclined drift connecting two mne |evels having an
el evation difference of 76 feet. Ventilation disturbances and CO
levels will be noted every 15 seconds over a 15 minute period.

The sinmulation involves a transfornmer oil fire, and the fixed heat
input fire type (dry conditions) is nodeled. Properties of the oi
are the sane as in Exanple 1 in the previous section (20,000
BTUIb, 8 in/hr burning rate, 45 Ib/ft® density, B for CO of 0.00009
ft°/BTU). Flanme spread across the spilled fuel is quite rapid, so
the fire achieves steady-state burning wthout a prolonged
inci pient or snoldering stage. The spill covers an area of 4 ft by
8 ft.

The heat release rate for this fire is:

4 ft x 8 ft x 0.011 ft/mn x 45 Ib/ft® x 20,000 BTU|b = 316, 800
BTU m n

and the CO production rate is:
316,800 BTUW min x 0.00009 ft* BTU = 28.5 ft*/ mn

The appropriate values for the fixed heat input fire variables are:

CONT = 28.5
CONC = 100
HEAT = 316800
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Therefore, the Tine Table Lines |ist as foll ows:
0,3, 9, 28.5, 100,316800, O, O , O , .75, 0
corresponding to the vari abl es:

TS, | CODE, NBR, CONT, CONC, HEAT, @2M N, SMPQ2, HTPQO2, QCENT, TPR

Figure 2 shows the network at the start of the sinulation (T = 0),
and highlights the location of branch 9, the network branch
containing the fire. Figure 3 shows the network 30 seconds after
the start of the sinulation. Note the extent of ventilation
di sturbances caused by the fire in less than 1 mnute. These
di sturbances include fune contam nation of 8 network branches, 7
reversals, and 1 recirculation path. Al so note branch 14, which
initially becane contam nated, and then reversed, drawi ng fune-
| aden air back through junction 12.

Figure 4 shows the network after 2-1/2 m nutes. Branch 14 has
reversed again, coursing air inits original direction. Al other
reversed branches have maintained their altered flow direction, and
branch 28 has also reversed. Fune-laden air has reached the
surface through branch 40.

Figure 5 shows the network after 6 mnutes. Fune-laden air has now
reached the surface through branches 32, 39, 47, and 40. Note al so
that the fume front has nearly closed the recircul ation path.

Figure 6 shows the network after 15 m nutes. Funes have nearly
filled the upper portions of the mne, including the recirculation

pat h. Flow in branch 14 has again reversed direction, and is
coursing air and fumes from junction 11 to junction 12. Thi s
reversal, if it is sustained, wll eventually cause branches 14 and

19 to purge thensel ves of funes.
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9.2 Single-Level Mne Exanples

The single-level mne is depicted in Figure 7, a sinple 3 section
coal mne. Fresh air enters the mne through branch 1 and splits
at junction 2. Branch 2 supplies air to junction 8, a working
section. Methane is liberated in this working section at the rate
of 230 ft*/min, which divides equally between branches 3 and 4.
Branch 5 splits at junction 3 to form branches 16 and 9, which
supply air to working sections at junctions 5 and 4 respectively.
These working sections also liberate 230 ft°/nin of nmethane, which
is equally distributed between branches 15, 7, 8, and 10.
Pl acenent of appropriately sized regulators in branches 21, 22, 23,
24, and 25 results in methane concentration of 0.68 pct in section
returns and the main return.

Two exanple sinulations are provided. In the first exanple, a fire
occurs in branch 26, followed by the unfurling of parachute
stoppings in the intake to pressurize the intake and reduce air
flow to the fire. In the other exanple, a fire also occurs in
branch 26, but in this case, a roof fall occurs in branch 3 due to
the fire.

Sinulated Fire

The sinulated fire, which is the same in both exanples, occurs on a
di esel -powered utility vehicle. The primary conbustibles are
di esel fuel, hydraulic oil, lubricating oil, rubber, and grease.
The fire's heat release rate is estimated at 80,000 BTU mn and CO
production is estimated at 11.5 ft*min. The fire is initiated at
time = 0 for both exanples. The appropriate values for the fixed
heat input fire variables are:

CONT = 11.5
CONC = 100
HEAT = 80000

Therefore, the Tine Table Lines for the fire list as foll ows:
0,3,26 , 11.5, 100, 80000, 0, O , O , .75, O
corresponding to the vari abl es:

TS, | CODE, NBR, CONT, CONC, HEAT, @2M N, SMPQ2, HTPQO2, QCENT, TPR
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Exanpl e of the Effect of a Parachute Stopping

Parachut e stoppings are unfurled in the intake, which is branch 2,
at time = 15 mnutes. Resistance of the stoppings is estinated at
500. Therefore, the Tine Table Lines for the new resistance list as
fol |l ows:

15,1, 2, 500
corresponding to the vari abl es:
TS, | CODE, NBR, R

Figure 8 shows the fire located in branch 26 at time = 0 m nutes.
At time = 3 mnutes, shown in Figure 9, funes have advanced into
branches 3 and 4. At time = 9 mnutes, shown in Figure 10, funes
have advanced into branch 21 and continue to fill branch 4. At
time = 15 mnutes, shown in Figure 11, the resistance of branch 2
has been increased to R = 500 by unfurling parachute stoppings.
Fumes have advanced to branch 11 and continue to fill branch 4.

At tinme = 18 mnutes, shown in Figure 12, branches 21 and 3 have
reversed due to the increase in flow through branches 5, 16, 7, and
25 resulting fromthe increased resistance in branch 2. Ar from
branch 25 now splits at junction 9, with flow toward both junction
10 and junction 14. The reversal of branches 21 and 3 has caused
the fumes in that systemof returns to be divided. Uncontam nated
air frombranch 25 is pushing funme-1aden air outby through branches
11 and 12, but inby through branches 21 and 3. The increase in
fl ow t hrough branch 5 al so reduces the nethane concentration in the
returns fromboth junction 5 and junction 4.

At time = 24 mnutes, shown in Figure 13, Funes continue to be
pushed i nby through branch 3 and outby through branches 19, 20, and
4. At tinme = 30 mnutes, shown in Figure 14 and corresponding to
the end of the sinulation, fumes continue to be pushed inby through
branch 3, and out by through branches 4 and 22. Al fumes which had
contam nated branches 14, 11, 12, 19, and 20 have been exhaust ed.
In addition, due to the low flow through branch 3, the nethane
concentration has risen above 1.0 pct in that branch.
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It should be noted that when funmes enter a branch but have not yet
reached the end of the branch, the table |abel ed "TEMPERATURE AND
CONCENTRATI ON AT Al RMAY ENDS, PRESSURE IN AlRWAYS" will list the
fume concentration for that branch as 0.00. This table will not
di splay a fune concentration for a given branch until the fune
front has reached the end of that branch. Wen funmes have entered,
but not conpletely filled a branch, the position of the funme front,
expressed as the distance from the beginning of the branch, is
displayed in the table |abeled "DATA FOR THE FUVE FRONT IN
Al RWAYS. "

Wien a fune front is retreating rather than advancing, as occurs in
this exanple at time = 30 mnutes in branch 3, the "TEMPERATURE AND
CONCENTRATI ON AT Al RWAY ENDS' table will continue to indicate a
fume concentration until the branch is conpletely purged.
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Exanple of the Effect of a Roof Fal

The initial ventilation conditions and the first few mnutes of the
fire are sanme as in the first exanple (Figures 7-10). Thus, the
Time Tabl e Lines which define the fire are the sane as the previous
exanpl e:

0,326, 11.5, 100, 80000, O, O , O , .75, O
corresponding to the vari abl es:
TS, | CODE, NBR, CONT, CONC, HEAT, O2M N, SMPQ2, HTPO2, QCENT, TPR

However at tinme = 15 mnutes, shown in Figure 15, a roof fal
occurs in branch 3. The resistance in this branch is immedi ately
increased to R = 500.

Therefore, the Time Table Lines for the new resistance |list as
foll ows:

15,1, 3, 500
corresponding to the vari abl es:
TS, | CODE, NBR, R

At tinme = 24 mnutes, shown in Figure 16, funes have nearly filled
branch 4 and have been exhausted fromthe m ne through branch 20.
In branch 3, the methane concentrati on has exceeded 1 pct due to
i nadequate dilution resulting fromrestricted air flow caused by
the roof fall. At tinme = 30 mnutes, shown in Figure 17, funes
conti nue to be exhausted, and have advanced into branch 13. Al so,
t he net hane concentration continues to exceed 1 pct in branch 3.
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TABLE 1
TABLE 2
TABLE 3
TABLE 4

TABLE 5
TABLE 6

APPENDI X 1 | NPUT PARAMETER TABLES

HEATI NG VALUES OF M NE COMBUSTI BLES

CO, AND CO PRODUCTI ON CONSTANTS (R VALUES)
RELATI ONSHI PS OF BASI C FI RE PARAMVETERS

CO, AND CO PRODUCTI ON CONSTANT (R VALUES) UNIT
CONVERS| ONS

FRI CTI ON FACTORS

ROCK THERMAL PROPERTI ES
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1

> as received

3

TABLE 1 -

Fuel

Coal

Wbod

Petrol eum G |

Conveyor

Brattice Cloth

Vent Duct

Baunei ster,
Engi neers,

Egan,
Their

MR

Rel evance to M ne Fire Detection,

Bel t

T. and L.S. Marks,
MG awHi ||,

HEATI NG VALUES OF M NE COVBUSTI BLES

Type or Source

Heati ng Val ue (BTU I b)

W/; Pocahontas No. 3 14, 400"*
PA; Pittsburgh 14, 000"*
IL; No.5 10, 800"*
WY; No. 3 10, 700"*
CO Fox Hill 8, 600"?
Wi te Pine 8, 000*
Dougl as Fir 8, 000*
Red Gak 7, 700"
El m 7, 700"
Gasol i ne 20, 800!
Di esel 20, 000!
Ker osene 19, 800*
Texas Crude 19, 400°
Transfornmer Fluid 18, 200"°
St yrene But adi ene Rubber 13, 300°
Pol yvi nyl Chl ori de 10, 500°
Neopr ene 10, 000°
Pol yvi nyl Chloride 10, 100°
Jute 5, 800°
Ri gi d Fi bergl ass Rei nforced

Pol yester Resin 3, 900°

St andard Handbook for Mechani ca
New Yor k, NY, 1967

Summary of Conbustion Products From M ne Materi al s:

Information Circular 9272, 1990.
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TABLE 2 - CO, AND CO PRODUCTI ON CONSTANTS (R VALUES) '

Fuel ; Type and Source Fire State gggft3/BTLD E&;ft3/BTLD

Wyod; Douglas Fir FI am ng 0. 0020 0. 00005
Coal ; Pittsburgh Seam Fl am ng 0. 0017 0. 00014
Coal ; Pittsburgh Seam Snol deri ng 0. 0017 0. 00021
G 1; Transfornmer Fl am ng 0. 0015 0. 00009
Belt; Styrene Butadiene Flam ng 0. 0015 0. 00010
Bel t; Neoprene FI am ng 0. 0015 0. 00020
Rubber FI am ng 0. 0015 0. 00012
Brattice; PVC Fl am ng 0. 0009 0. 00011
Brattice; PVC Snol deri ng 0. 0010 0. 00009
Brattice; Jute Fl am ng 0. 0016 0. 00003
Brattice; Jute Snol deri ng 0. 0016 0. 00002
Vent Duct; R gid FI am ng 0. 0017 0. 00013

1 Egan, MR, Summary of Conbustion Products From M ne Materi al s:
Their Rel evance to Mne Fire Detection, U S. Bureau of M nes
Information Circular 9272, 1990.
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TABLE 3 - RELATI ONSHI PS OF BASI C FI RE PARAMETERS

* Burning Rate x Heating Value = Heat Rel ease Rate

* Heat Rel ease Rate + 437 = O Consunption Rate

* Heat Release Rate x B, = CO, Production Rate

* Heat Release Rate x B = CO Production Rate

DATA SOURCES FOR FlI RE PARAMETERS

Burning Rate...... Measure or Estinate
Heating Val ue..... Varies by Fuel....... Publ i shed Literature
B oo vee e Varies by Fuel....... Publ i shed Literature
Bog « oo Varies by Fuel....... Publ i shed Literature
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TABLE 4 - ., AND 3., PRODUCTI ON CONSTANT UNI T CONVERSI ONS

Publ i shed B values are often expressed in Sl units, usually as
g/ kj, however, MFIRE utilizes English Systemunits. The above
uni t conversions can be used to convert R values fromSl to
English units.

A.  To convert R, value fromg/kJ to ft*/ BTU...

9/ kd (R,) X 0.0022 Ib/g + 44 I b/1b-nmol x 359 ft*1b-nmol + 0.948
BTU kJ

or
9/kd (Bg) x 1.89 x 1072 = ft%/ BTU

B. To convert R, value fromg/kJ to ft*/ BTU...

g/kd (B x 0.0022 Ib/g + 28 Ib/Ib-nmol x 359 ft¥1b-mol + 0.948
BTU kJ

or
g/kd (B x 2.98 x 10° = ft*/ BTU
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A rway Type

Snoot h/ Li ned

Sedi nent ary
Rock or
Coal

Ti mber ed

(5-ft
centers)

| gneous Rock

Friction Factor

' McElroy, GE
U S. Bureau of M nes,

Degr ee of
Surf ace
Irregularity

M ni num
Aver age
Maxi nmum

M ni num
Aver age
Maxi nmum

M ni num
Aver age
Maxi nmum

M ni num
Aver age
Maxi nmum

Units are 1.0*E* Ibmrnmin’/ft*

Bul | etin 385,

100

1932

TABLE 5 FRI CTI ON FACTORS'
St rai ght Si nuous or Curved
Slightly Moderately | H ghly
Amount of Qbstruction - C=Cl ean, S=Slight, M:=Moderate
C S ™ C S ™ c_ S M]| C S ™
10 15 25 20 25 35 25 30 40 35 40 50
15 20 30 25 30 40 30 35 45 40 45 55
20 25 35 30 35 45 35 40 50 45 50 60
30 35 45 40 45 55 45 50 60 55 60 70
55 60 70 65 70 80 70 75 85 80 85 95
70 75 85 80 85 95 85 95 100 95 100 110
80 85 95 90 95 105 95 100 110 105 110 120
95 100 110 105 110 120 110 115 125 120 125 135
105 110 120 115 120 130 120 125 135 130 135 145
90 95 105 100 105 115 105 110 120 115 120 130
145 150 160 155 160 165 160 165 175 170 175 195
195 200 210 | 205 210 220 | 210 215 225 | 220 225 235
Engi neering Factors in the Ventilation of Metal M nes,



TABLE 6 THERVAL PROPERTI ES OF ROCK

The thermal properties of rock required for MFIRE input are
thermal conductivity, k, and thermal diffusivity, a. A third
thermal property, constant pressure specific heat, C, may be
used along with density, p, torelate k and o as,

Kk =a*p* C

MFlI RE uses thermal conductivity in units of BTU hr*ft*°F and
thermal diffusivity in units of ft%hr. Mltiply Sl therma
conductivity in units of Wnr°K by 0.5782 to obtain thernmal
conductivity in units of BTU hr*ft*°F. Likewi se, multiply Sl
thermal diffusivity units of nf/s by 38,750 to obtain thernal
diffusivity units of ft? hr.

The data in this appendi x were assenbl ed or cal cul ated or
extrapol ated from various sources and is intended to provide a
starting point for MFIRE users. Published data from ot her
sources may range * 100 pct or nore fromthese val ues due to
measur enent net hods and rock variations. In situ conditions,
especially porosity and pore fluid greatly influence data val ues.
I n nost cases the exact value is not critical as nost of the
thermal energy froma mne fire is carried anay fromthe fire by
the airflow and transferred to the rock at | ow rates over
conparatively |long distances and consequently a | arge surface
area. |If paranetric sinulations wth MFIRE show t hat these

val ues are critical to the outcome of a particular sinmulation,

t he user should thoroughly investigate the thermal properties of
the rock in question.

ROCK/ MATERI AL Thermal conductivity, k Thermal Diffusivity,
o

BTU hr*ft*°F ft? hr
brick 0.4 0.02
basal t 0.6 - 1.4 0.02 - 0.04
calcite 0.2 0. 006
cl ay 0.8 0. 004
ant hracite coal 0.2 0. 006
concrete 0.5 - 0.8 0.02 - 0.03
di abase 1.1 - 1.3 0.03 - 0.04
dol o- st one 0.8 - 3.6 0. 02
granite 1.0 - 3.4 0.03 - 0.09
| i rest one 0.7 - 3.6 0.02 - 0.1
mar bl e 1.2 - 3.2 0.03 - 0.08
sandst one 0.9 - 2.2 0.03 - 0.06
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APPENDI X 2 | NPUT DATA FI LE TEMPLATE

*** | NPUT FORMAT | NSTRUCTI ON FI LE FOR PROGRAM MFI RE ~ ***
GENERAL RULES FOR DATA | NPUT:

* NO NEED TO DI STI NGUI SH | NTERGER AND REAL NUMBERS. SYMBOLS USED

I N NUMERI CAL | NPUT COWPRI SE THE FOLLOW NG LI ST:
1234567890. , -+ BLANK

* FREE FORVAT ALLOVNED. COMVA AND BLANK SPACE CAN BOTH BE DELI M NA-

TORS. SEQUENTI ALLY DI STRI BUTED BLANK SPACES ACT AS ONE DELI M NATOR

BLANKS ADJACENT TO A COMWA HAS NO EFFECT | N SEPARATI NG | NPUT TERMES.

* ZERO | NPUT CAN BE OM TTED BUT I TS DELI M NATOR CAN T EXCEPT BEI NG

THE LAST ONE I N A LI NE

* A LINE WHOSE FI RST NON- BLANK SYMBOL IS "$" |'S AN | NSTRUCTI ON

LINE WH CH WLL BE | GNORED | N A PROGRAM RUN.

* A LI NE WHOSE FI RST NON- BLANK SYMBOL |'S NEI THER ONE USED I N THE

ABOVE LI ST FOR NUMERI CAL | NPUT NOR "$", OR WH CH CONTAI NS MORE

THAN 3 SYMBOLS QUTSIDE OF THE LIST, IS A COMENT LINE WHI CH W LL

BE SHOM I N THE OQUTPUT FI LE.

PR PARPRPARPARAAAAAARAARALR

(1) COWENTS ( OPTI ONAL)

YOU MAY PUT NOTES HERE TO REM ND YOU | N THE FUTURE. THEY WLL BE
SHOAWN | N THE OUTPUT FILE. THE NUMBER OF TOTAL ACTIVE COMMENT LI NES
|'S 50. THE ACTIVE WDTH OF A LINE IS 72 COLUWNS.

----------------- | NPUT YOUR COMVENTS HERE =~ ------ccmmmmmmmmmmamoe

R ARRH

(2) CONTROL CARD | :
NB, NFNUM | NFLOW NVPN, NETW TR, MADJ, | TN, NTEMP, TI NC, SPAN, | OUT, TOUT
CONCT, DR

NB: NUMBER OF Al RMAYS | N NETWORK, MAX. 500

NFNUM  NUMBER OF FAN CHARACTERI STI CS, MAX. 10.

| NFLOWN NUMBER OF CONTAM NATI ON SOURCES, MAX. 10.

NVPN: MARKER FOR PRESENCE OF JUNCTI ON CARDS, 0: PRESENT.

NETW MARKER, 1: ONLY THE NETWORK PART W LL BE PERFORVMED.

TR REFERENCE TEMPERATURE OF AIR, DEG F. DEFAULT VALUE 75.
MADJ: MAX. NO. OF | TERATION IN TEMP. PART. DEFAULT 20.

I TN MAX. NO. OF I TERATI ON I N DYNAM C PART, DEFAULT 20.

NTEMP: MARKER. 1: SI MULATI ON GOES ONLY UP TO TEMPERATURE PART.
TINC: TIME | NCREMENT | N DYNAM C SI MULATI ON PART, SEC.

SPAN: TI ME SPAN OF DYNAM C SI MULATI ON, M N.

| QUT: QUTPUT, 0: BRIEF; 1: NORMAL; -1: DETAIL; -2; MORE DETAI LED.
TOUT: TIME | NTERVAL FOR QUTPUT, IN M N.

PR PRPRARARPARPARARAAAAL
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CONCT: MARKER. 1: SI MULATI ON GO TO TRANSI ENT CONCENTRATI ON ONLY
0: SI MULATI ON GO TO ALL TRANSI ENT STATE
DR REFERENCE DENSI TY I N LBM FT3, DEFAULT BASED ON TR AND 1 ATM

*** | NPUT DATA FOR CONTROL CARD | HERE  ***
NB, NFNUM | NFLOW NVPN, NETW TR, MADJ, | TN, NTEMP, TI NC, SPAN, | QUT, TOUT, CONCT,

%%%%%%

Al RWAY LI NES HERE
NG, JS, JF, N\WTYP, R, Q KF, LA, A, O, HA, HK, CH4V, CH4APA, TROCK

@7

* 1F NB IS 2 OR LARGER, THE NUMBER OF Al RWAY CARDS (LINES) MUST BE $
NB. IF NBIS 1 ORLESS, THE Al RWAY CARDS MJUST END W TH 9999.

* KF, LA, A, O HA HK HAVE THEI R AVERAGE OR DEFAULT VALUES VWH CH ARE
ACTI VATED BY | NPUTI NG ZERO FOR THE RESPECTI VE TERNVE.

* TROCK DOES NOT NEED TO | NPUT EXCEPT WHEN YOU WANT TO OVERRI DE THE$
PROGRAM CALCULATED VALUE.

* COWMENT LI NES ARE ACTIVE IN TH S DATA PARAGRAPH.

LSRR

NO. Al RWAY | D NUMBER (1 TO 9980).

JS: JUNCTI ON | D NUMBER OF Al RMAY BEG NNI NG (1 TO 999).
JF: JUNCTI ON | D NUMBER OF Al RMAY END (1 TO 999).
NWIYP: Al RWAY TYPE, 1: FAN, 0: ORDI NARY; -1: FIXED-Q
R RESI STANCE OF AIRWAY 1.E-10 IN. WG/ (CFM 2.
Q Al RFLOW RATE I N CFM

KF: FRI CTI ON FACTOR IN 1. E-10 LBMM N2/ FT4.

LA: Al RWAY LENGTH I N FT.

A Al RWAY CROSS SECTI ONAL AREA I N FT**2.

O Al RWAY PERI METER I N FT.

HA: THERMAL DI FFUSI VI TY OF ROCK, FT2/HR

HK: THERMAL CONDUCTI VITY OF ROCK, BTU HR*FT*F.

CHAV:  METHANE EM SI ON RATE | N Al RWAYS FT3/M N.
CHAPA: METHANE EM SI ON RATE PER UNI T SURFACE AREA, FT/ M N.
TROCK: AVERAGE ROCK TEMPERATURE I N Al RWAY, DEGREE F.

x*x% | NPUT DATA FOR Al RMAY CARDS HERE  ***
-------- NO, JS, JF, \WTYP, R, Q KF, LA, A, O HA, HK, CH4V, CHAPA, TROCK ---------

PR PRPRPARPRPARPARPARAAAAAAARARARARARARARARPRARPN PARPAAAH

PR PARPRPARPARAAAAAAARARARL

(4) JUNCTI ON CARDS:
JNO, T, Z, CH4AC

* IF NVPN IS 0O OR LESS, EACH JUNCTI ON SPECI FIED IN JS AND JF MJST
HAVE A ONE-LINE | NPUT HERE. OTHERW SE JUNCTI ON CARDS MJUST BE
OM TTED.

JNO JUNCTION | D NUMBER (1 TO 999)
T: TEMPERATURE OF AIR I N JUNCTI ONS, DEGREE F.
Z: ELEVATI ON OF JUNCTI ONS, FT.

CHAC: METHANE CONCENTRATI ON I N JUNCTI ONS, PERCENTAGE.

*xx | NPUT JUNCTI ON CARDS HERE ~ ***
------------------------- INO, T, Z,CHAC === m-mmmmmmmmmememe e

AR ARPARARPARARAAAL
AR ARPAARARARAAALH
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(5) JUNCTI ON CARDS |1 (JUNCTIONS I N THE ATMOSPHERE)

A STARTI NG JUNCTI ON | S THE JUNCTI ON WHERE ATMOSPHERE CONDI TI ONS
ARE DEFI NED. ALL OTHER JUNCTI ONS ON THE SURFACE ARE JUNCTI ONS I N
THE ATMOSPHERE.

| F THERE ARE MORE THAN ONE JUNCTI ON | N THE ATMOSPHERE, JUNCTI ON
CARD || |'S EMPLOYED. OTHERW SE, ONLY NUMBER "1" IS READ IN.

JAN: THE NUMBER OF THE JUNCTI ONS | N THE ATMOSPHERE
JA.  JUNCTI ON | D NUVBER
JATP: JUNCTI ON TYPE:
0: STARTI NG JUNCTI ON
1: OTHER ATMOSPHERE JUNCTI ONS EXCEPT STARTI NG JUNCTI ON
| NPUT DATA FOR JUNCTI ON CARD || HERE ~ ****
$
--------------------------- JAN - - oo
------------------------- JA, JATP - - m e mee e
FAN CARDS | AND |1 COVPRI SE A DATA GROUP VHI CH MUST REPEAT NFNUM
TIMES FOR NFNUM FAN CURVES. |F NFNUM IS 0 OR LESS, FAN CARDS | AND
|1 MJUST BE OM TTED.
(5) FAN CARD | :
NOF, MPTS, NSWI
NOF: | D NUMBER OF FAN BRANCH,
MPTS: NUVBER OF POl NTS DEFI NI NG FAN CHAR, NMAXI MUM 10.
NSW:  SELECTI ON OF FAN CURVE FITTING 1: LEAST SQUARES
2: SPLINE 3. AUTO 4. AUTO+MANUAL
(6) FAN CARD Il: (IF MPTS I'S LARGER THAN 5, CONTI NUE I N 2ND LI NE.)
QF, PF, QF, PF, QF, PF, QF, PF, QF, PF
QF: Al RFLOW AT G VEN PO NT OF FAN CHAR, CFM
PF: PRESSURE AT G VEN PO NT OF FAN CHAR IN.WG
(7) FAN CARD II1: NPLOT

NPLOT: TREATMENT OF THE BOUNDARY RANGE OF FAN CURVE
1: EXTEND FAN CURVE BY FOLLOW NG GRADI ENTS OF TWO ENDS.
2: EXTEND FAN CURVE AS ABOVE AT LEFT BOUNDARY REG ON AND
SEND GRADI ENT OF RI GHT BOUNDARY REG ON TO ZERO.
3. SEND GRADI ENT OF BOTH SI DES OF BOUNDARY REG ON TO ZERO
I NPUT FAN CARDS |, 11, AND [l HERE  ***
--------------------------- NOF, MPTS, NSWI - - - = ==« <= s mm o ommmeeee o me

------------------ QF, PF, OF, PF, QF, PF, QF, PF, QF, PF == -----momcmmmmmoms
------------------------------- NPLOT- = = = = == e e e

(7) CONTAM NATI ON ( HEAT SOURCE) CARDS:
NCENT, CONT, CONC, HEAT, 02M N, SMPQ2, HTPOR, QCENT, TPR
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* EACH HEAT SOURCE MUST HAVE A ONE-LINE | NPUT HERE. THE NUMBER COF
TOTAL FI RE SOURCES WAS SPECI FI ED BY "I NFLOW | N CONTRCL CARD I .

NCENT: | D NUMBER OF Al RWAYS WHERE HEAT SOURCES LOCATE.

CONT:  VOLUME FLOW RATE OF CONTAM NATED GAS | NFLOW I N CFM

CONC:  CONCENTRATI ON OF CONTAM NANT I N GAS | NFLOWN %

HEAT: HEAT ENTERI NG OR LEAVI NG Al RWAY | N BTU M N.

2M N: OXYGEN CONCENTRATI ON OF Al R CURRECT LEAVI NG FI RE ZONE, %
SWMPQ2: CONTAM NANT PRODUCTI ON PER FT**3 OF OXYCEN DELI VERY.
HTPO2: HEAT PRODUCTI ON (BTU) PER FT**3 OF OXYGEN DELI VERY.

QCENT: REF. Q DEFI NI NG FI RE CHARACTERI STI CS, CFM

TPR: LEADING TIME PERICD IN M N. FOR FIRE TO REACH FULL STRENGTH.

| NPUT DATA FOR FI RE SOURCES HERE
---------- NCENT, CONT, CONC, HEAT, O2M N, SMPCR2, HTPO2, QCENT, TPR - - - ------ -

AR PRARPARARPARARAAALH
%%%%%%%%%%%%%%%

$
(8) CONTROL CARD | | $
NAV, JSTART, TSTART, TI ME, CRI TSM CRI TGS, CRI THT, WRNPR, V\RNSM WRNGS, WRNHT$

* A SET OF DEFAULT VALUES ARE AVAI LABLE. THEY CAN BE ACTI VATED BY
| NPUTI NG ZERO FOR THE RESPECTI VE TERMS.

NAV: MARKER. 1 OR LARCGER AVERAGE-VALUE CARD | S PRESENT.
JSTART: STARTI NG JUNCTI ON ( ATMOSPHERE) .

TSTART: TEMPERATURE AT THE START JUNCTI ON, DEGREE F.

TIME: Tl ME SPAN TO ASSUME QUASI - EQUI LI BRIUM HOUR. DEFAULT 10.
CRI TSM ACCURACY | N FUME CALCULATI ON, % DEFAULT 0. 005.

CRI TGS: ACCURACY | N METHAME CALCULATI ON, % DEFAULT . 01.

CRI THT: ACCURACY | N TEMPERATURE CALCULATI ON, F. DEFAULT 0. 1.
WRNPR:  PRESSURE DROP WARNI NG CRI TERIA, I N. WG DEFAULT 0. 01.
VWRNSM  FUVE CONCENTRATI ON WARNI NG CRI TERI A, % DEFAULT 0. 05.
VWRNGS: METHANE CONCENTRATI ON WARNI NG CRI TERI A, % DEFAULT 1. 0.
WRNHT:  HI GH TEMPERATURE WARNI NG CRI TERI A, F. DEFAULT 100. 0.

FA | NPUT DATA FOR CONTROL CARD Il HERE *A
NAV, JSTART, TSTART, TI ME, CRI TSM CRI TGS, CRI THT, WRNPR, W\RNSM WRNGS, V\RNHT -

PR ARPRPRPARPARAAAAAAARARARSR
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(9) AVERAGE- VALUE CARD:
HAAVR, HKAVR, KFAVR, LAAVR, AAVR, OAVR

AR R R

| T MUST EXIST IF NAV IN CONTROL CARD Il 1S 1 OR LARGER. A DEFAULT$
VALUE CAN BE ACTI VATED BY | NPUTI NG ZERO FOR THE RESPECTI VE TERM
WHEN NAV | S ZERO OR LESS, THE WHOLE SET OF DEFAULT VALUES W LL BE
TAKEN.

HAAVR: AVERAGE THERMAL DI FFUSI VI TY OF ROCK, FT2/HR. DEFAULT O. 1.
HKAVR: AVERAGE THERVAL CONDUCTI VI TY OF ROCK, BTU HR*FT*F.
DEFAULT 3. 0.

AR ARARPARARAALH
R ARRH
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KFAVR: FRI CTI ON FACTOR, 1.E-10 LBMM N2/ FT4. DEFAULT 100.
LAAVR AVERACGE LENGTH OF Al RMWAY, FT. DEFAULT 500.

AAVR: AVERAGE SECTI ONAL AREA OF Al RWMWAY, FT2. DEFAULT 100.
QAVR AVERAGE PERI METER, FT. DEFAULT 40.

*x% | NPUT AVERAGE- VALUE CARD HERE | F NEEDED  ***
----------------- HAAVR, HKAVR, KFAVR, LAAVR, AAVR, QAVR - = = === === =ocona-

AR ARH

(10) TIME TABLE FOR CONDI TI ON CHANGES:

L5

TH'S TI ME TABLE CAN CONTAI N THE FOLLOW NG CONDI TI ON CHANGES. | T
MUST END WTH A ONE-LINE | NPUT OF A VALUE LARCER THAN " SPAN' I N
CONTROL CARD I. THI'S TI ME TABLE MUST EXI ST, BUT MAY CONTAI N ONLY
THE ENDI NG LI NE. THE ORDER OF CHANG NG CONDI TI ONS MUST BE ARRANGE
ACCCORDI NG TO THE RESPECTI VE OCCURI NG TI ME.

8&9&9&9&9&9

1) TS, 1, NBR R
TH S | NPUT CHANGES BRANCH "NBR' TO AN ORDI NARY Al RWAY W TH
Al RFLOW RESI STANCE EQUAL TO "R' AT "TS' M N. AFTER TI ME ZERO.
TS: OCCURI NG TI ME OF THE CHANGE CONDI TION, M N.
NBR Al RWAY | D NUMBER.
R RESI STANCE OF Al RWAY 1.E-10 IN. WG /(CFM 2.
2) TS, 2, NBR, | NDEX, QF1, PF1, QF2, PF2, QF3, PF3, QF4, PF4, QF5, PF5
TH S | NPUT CHANGES BRANCH "NBR' TO A FAN BRANCH W TH | TS
CHARACTERI STI CS SPECI FI ED BY "QF1" TO "PF5".
| NDEX: NUMBER OF DATA PO NTS TO DEFI NE FAN CHAR MAX. 5.
QF: Al RFLOW RATE IN FT**3/ M N.
PF: CORRESPONDI NG FAN PRESSURE IN IN. WG,
3) TS, 3, NBR, CONT, CONC, HEAT, 02M N, SMPC2, HTPO2, QCENT, TPR
THI S | NPUT CHANGES BRANCH "NBR' TO A FI RE SOURCE BRANCH W TH
FI RE CHAR. SPECI FI ED BY "CONT" TO "TPR', WH CH RETAI N THE SAME
MEANI NG AS | N FI RE SOURCE CARD (7). REFER BACK TO (7) FOR DETAIL
4) TS, 4, NBR
TH S | NPUT CHANGES FI RE BRANCH "NBR' TO AN ORDI NARY Al RWAY AT
TIME "TS".
5) TS, 5, TINC
THI'S I NPUT CHANGES TI ME | NCREMENT | N SYNAM C SI MULATI ON TO A
NEW VALUE "TINC' I N SEC.
6) TS, 6, TOUT
THI S I NPUT CHANGES OUTPUT | NTERVAL TO A NEW VALUE OF "TOUT"
M N.
7) TS, 7, JDPP
THI S | NPUT FORCES DETAI LED RECORDS TO BE SET UP FOR Al RWAYS
WH CH ARE ON THE | MVEDI ATE DOWN- STREAM SI DE OF JUNCTI ON " JDPP"
AT "TS" M N. AFTER TI ME ZERO.

FAx | NPUT CONDI TI ON CHANGE TI ME TABLE HERE *A
-- (I'T MUST END WTH A ONE-LI NE VALUE LARGER THAN "SPAN' IN CARD 1) -

PR PRPRPRPARPAAARAAAARARARARARARRRARPARARARARAAAL
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APPENDI X 3 PROGRAM LI STI NG OF MFI RE VARI ABLES

NB: NUVBER OF Al RWAYS | N NETWORK.
NJ: NUVBER OF JUNCTI ONS | N NETWORK.
NFNUM NUMBER OF FAN CHARACTERI STI CS.
NVPN: MARKER FOR PRESENCE OF JUNCTI ON CARDS, 0: PRESENT.
NETW MARKER, 1: ONLY THE NETWORK PART W LL BE PERFORVED.
NTEMP: MARKER, 1: ONLY UP TO THE TEMP. PART W LL BE PERFORVED.
MADJ: MAX. NO. OF | TERATION I N TEMP. PART.
I'TN: MAX. NO OF | TERATI ON | N NON- STEADY STATE S| MULATI ON.
DR REFERENCE DENSI TY OF AR, LBM FT3.
TR REFERENCE TEMPERATURE OF Al R, DEG F.
TINC: TIME | NCREMENT | N SI MULATI ON, SEC. .
SPAN: TIME SPAN OF SI MULATION, M N. .
| OUT: OUTPUT. 0: BRIEF; 1: NORMAL; -1: DETAIL; -2: MORE DETAI LED.
TOUT: TIME | NTERVAL FOR OUTPUT, M N.
CONCT: MARKER. 1: S| MULATI ON FOR TRANSI TE CONCENTRATI ON S| MULA-
TI ON ONLY
NAV: MARKER FOR PRESENCE OF AVE. VALUE CARDS.
MAXJ: H GHEST JUNCTI ON NUMBER.
I NFLONW NUMBER OF CONTAM NATI ON CARDS.
CRI TSM ACCURACY OF FUME CALCULATI ON.
CRI TGS: ACCURACY OF METHAME CALCULATI ON.
CRI THT: ACCURACY OF TEMPERATURE CALCULATI ON.
NO(NVX) : Al RWAY NUVBER.
JS(NMX) :  JUNCTI ON NUMBER OF Al RWAY BEG NNI NG
JF(NMX) : JUNCTI ON NUVMBER OF Al RWAY END.
NWIYP( NMVKX) : Al RWAY TYPE.
R(NVX) : RESI STANCE OF Al RWAY 1.E-10 IN. WG /(CFM **2.
Q NVX) : BALANCED Al RFLOW RATE, ASSUM NG EQUI LI BRI A, CFM
P(NVX) : CALCULATED PRESSURE LOSS IN IN. WG .
KF(NMX) : FRI CTI ON FACTOR.
LACNMX) : Al RWAY LENGTH I N FT.
A(NMX) : Al RWAY CROSS SECTI ONAL AREA | N FT**2.
O(NMX): Al RMAY PERI METER I N FT.
RSTD(NMKX) : RESI STANCE FACTOR BASED ON TR.
DZRD( NVKX) : ELEVATI ON CHANGE | N Al RMAY | N FT.
FRNVP( NVKX) :  PRODUCT TMVRD* DZRD.
NREV( NVX) © NUMBER OF Al RFLOW REVERSALS | N AN | NTERVAL.
RDCH4( NVK) :  METHANE CONCENTRATI ON AT ROADWAY ENDS.
RDPROP( NMVX) :  CONTAM NANT CONCENTRATI ON AT ROADWAY ENDS.
TRD(NMX) : TEMPERATURE AT ROADWAY ENDS.
TIS(NVX) : TEMPERATURE AT ROADWAY BEG NNI NG
RDOP( NMK) :  BACKUP ARRAY FOR RDPROP.
RCHA( NVK) : BACKUP ARRAY FOR RDCH4.
FFRNVP( NMX) :  DZRD/ TVRD.
RA(NVX) : BACKUP ARRAY FOR R.
NNREV( NMX) :  NUVMBER OF Al RFLOW REVERSALS SI NCE TI ME ZERO. .
NOF(1 MX): ~ Al RWAY NUMBER OF FAN.
NFREG(| MX): LI ST OF FANS W TH CHARACTER! STI CS.
RGRAD( | MX) : SLOPE OF FAN CHARACTERI STI C.
NFCW I MX): LIST OF FANS WHOSE CHAR EXCEEDED.
MPTS(1 MX) : NUMBER OF POl NTS DEFI NI NG FAN CHAR.
QF(I' MX, | MY): Al RFLOW AT G VEN PO NT OF FAN CHAR
PF(1 MX, | MY): PRESSURE AT G VEN PO NT OF FAN CHAR.
NSKP(1 MX) : ~ MARKER | NDI CATI NG PERFORVMANCE OF SPLI NE.
NEGQ( | MX) : MARKER | NDI CATI NG Al RFLON REVERSAL | N FAN BRANCH.
JSB(NMX) © BACKUP ARRAY FOR JS.
NSWI( NVK) : SWICH TO SELECTED FAN CURVE FI TTI NG METHOD
1 LEAST SQUARE 2. SPLI NE 3. AUTOMATI C 4. AUTO+MANUAL

MNO: NUMBER OF MESHES | N NETWORK.
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MEND(NMY) : LI ST OF MESH ENDS | N MBL- LI ST.
MSL(LMX): LIST OF ALL | NDEPENDENT MESHES.
FNVP(NMY) : LI ST OF NVP | N MESHES.
RQ(NMX) : ~ AUXI LI ARY LI ST OF R*Q
I NU(NMX) :  AUXI LI ARY LI ST FOR FORM NG BASE SYST.
KNO(NXX) : LIST OF Al RWAYS | N BASE SYSTEM
KIS(NXX): LI ST OF JUNCTI ONS | N BASE SYSTEM
KIF(NXX): LIST OF JUNCTI ONS | N BASE SYSTEM
JNO({NMY) :  JUNCTI ON NUVBER.
T(NMY) :  TEMPERATURE OF Al R | N JUNCTI ONS.
Z(NWY) : ELEVATI ON OF JUNCTI ONS.
CHAC(NMY) : METHANE CONCENTRATI ON | N JUNCTI ON.
JNOL(NMY): LI'ST OF JUNCTI ON NUMBERS | N | NCREASI NG ORDER.
PROP( NMY) :  CONTAM NANT CONCENTRATI ON | N JUNCTI ON.
PRCHA( NMY) : METHANE CONCENTRATI ON | N JUNCTI ON.
JLR(CNMY) : * LI ST RELATING JNO- AND JNOL- LI STS.
TROCK( NMX) : AVERAGE ROCK TEMPERATURE | N Al RWAY.
TMVRD(NVX) : MEAN TEMPERATURE OF Al R | N Al RWAY.
HA(NMX) :  THERVAL DI FFUSI VI TY OF ROCK.
HK(NMVX) : THERVAL CONDUCTI VI TY OF ROCK.
NCENT(NMX) :  NUVMBER OF Al RWAYS | NTO WHI CH FUVE ENTERS.
CHAV(NVX) : METHANE EM SI ON RATE | N Al RWAYS.
CHAPA(NMX) : METHANE EM SI ON RATE PER UNI T SURFACE AREA.
CONT( I MX): VOLUME FLOW RATE OF CONTAM NATED GAS | NFLOW

| MX): CONCENTRATI ON OF CONTAM NANT | N GAS | NFLOW
HEAT(1 MX) : HEAT ENTERI NG Al RWAY.
O2M N(1 MX): OXYGEN CONCENTRATI ON OF FUMES LEAVI NG FI RE ZONE
SMPC2( | MX) : CONTAM NANT PRODUCTI ON PER CUBI C FT OF OXYGEN.
HTPCR2( 1 MX) : HEAT PRODUCTI ON PER CUBI C FT OF OXYGEN DELI VERY
TFSI (I MX): Al R TEMPERATURE BEHI ND HEAT SOURCE.
O2BEH(1 MX): OXYGEN CONTENT BEHI ND FI RE SOURCES.
TPR(I MX): TRANSI TION TIME OF FIRE IN M N.
HTAD(1 MX) : REDUCED HEAT | NPUT DUE TO HI GH Al R TEMPERATURE.
QCENT(I1MX): "STD. Q AT WHCI H FI RE TAKES THE | NPUT PARAVETERS.
NG N(NVX): LI ST OF Al RMAYS ENTERI NG JUNCTI ON.
MV N(NMX) : LI ST OF LAST Al RWAY PER JUNCTI ON I N NG N- LI ST.
NGOUT(NMK) : LI ST OF Al RWAYS LEAVI NG JUNCTI ON.
LOUT(NMX) : LI'ST OF LAST Al RWAY PER JUNCTI ON | N NGOUT- LI ST.
MEMREC( NMKX) :  TEMPORARY LI ST OF Al RMAYS CARRYI NG RECI RC. AlR.
NOREC( NVKX) :  PERMANENT LI ST OF Al RWAYS.
ESTPR(NVX) : ESTI MATED CONCENTRATI ON FOR RECI RCULATED Al R
ESTCH4( NMX) :  ESTI MATED METHANE CONCENTRATI ON.
ESTTR(NVKX) : ESTI MATED TEMPERATURE.

XNEW NVKX) : EXPONENT FOR TEMPERATURE CALCULATI ON.

DCOAGE( NMKX) :  COEFFI Cl ENT OF AGE.

TIME: TIME ASSUM NG QUASI - EQUI LI BRI A.

TSTART: TEMPERATURE AT THE START JUNCTI ON.

JSTART: START JUNCTI ON ( ATMOSPHERE) .

TLEFT(NMX): TI ME | NCREMENT FOR MAKI NG UP A NORMAL | NTERVAL.
SUMY NMY) : TOTAL Al RFLOW RATES ENTERI NG JUNCTI ON.
SUMC(NMY) : TOTAL CONTAM NANT FLOW RATES ENTERI NG JUNCTI ON.
SUMM NMY) : TOTAL METHANE FLOW RATES ENTERI NG JUNCTI ON.
SVHEAT(NMY) :  TOTAL ENTHALPY/ REFRENCE DENSI TY ENTERI NG JUNCTI
PROPS(NVK) :  BACKUP ARRAY FOR PROP.

PRCHAS(NMKX) :  BACKUP ARRAY FOR PRCH4.

QQ(NVX) : DAMPED AND TI ME- AVERAGED Al RFLOW RATE.

QTP(NVX) : BACKUP ARRAY FOR Q FIXED | N EACH | NTERVAL.
TTIS(NVX) : BACKUP ARRAY FOR TJS.

TTRD(NMX) : BACKUP ARRAY FOR TRD.

TAS(NMX) : BACKUP ARRAY OF T.

BI (NVX): BI OT NUVBER
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WRNPR.  PRESSURE DROP WARNI NG CRI TERI A.
WRNGS: METHANE CONCENTRATI ON WARNI NG CRI TERI A.
VWRNSM FUVE CONCENTRATI ON WARNI NG CRI TERI A.
WRNHT: HI GH TEMPERATURE WARNI NG CRI TERI A.
I OM T(1 MX): Al RWAYS FOR WH CH DETAI LED DATA RECORDS WERE OM TTED.
ROM T(1 MX, 3): DATA AT STARTING J OF DATA- OM TTED Al RWAY.
| ACC COUNTER OF 1OM T AND ROM T.
DELTAT: SPAN OF TI ME | NCREMVENT.
TACC. CUMULATED TI ME AFTER EVENT | N SEC.
SUMFNV: SUM OF NVP CORRECTI ON | N SYSTEM
| BTN(NMX) :  ARRAY HOLDI NG ADDRESS OF RECORD FOR Al RWAY (N
DPPA(NMZ, 10, 5): MASTER DATA STORAGE ARRAY | N DYNAM C S| MULATI
NSAC( NVK, 2) : DATA RECORD STATUS OF Al RWAY (NVKX).
TVRDA( NMX) :  BACKUP ARRAY FOR TMRD.
DELTAQ NMX) : VARI ATI ON OF Al RFLOW | N Al RWAYS.
DPPB( NMZ, 10, 5): BACKUP ARRAY FOR DPPA.
NSACB( NVK, 2) : ~ BACKUP ARRAY FOR NSAC.
GBTN(10, 5): ~ AUXI LI ARY ARRAY FOR DATA TRANSFER
JCH(NMY) : * MARKER | NDI CATI NG JUNCTI ON COND. CHANGE.
TAUXA(NMZ, 10): Al R TEMP. AT REAR ENDI NG OF SEGVENTS.
TAUXB( NMZ, 10) : BACKUP ARRAY FOR TAUXA.
TAUXC({NMZ) : Al R TEMP. BEYOND THE FI RST SEGVENT.
TAUXD( NMZ) : BACKUP ARRAY OF TAUXC.
FMASS(NMVZ) : MASS OF Al R BEYOND THE FI RST SEGVENT.
JDP: NUMBER OF JUNCTI ONS | NI TI ATI NG DATA RECORDS.
JDPP(I MX): JUNCTI ONS WHI CH | NI TI ATE DATA RECORDS.
QRCD( NVK, 10) : Al RFLOW RATES DURI NG | TERATI ONS.
TMVRCD( NMX, 10): MEAN Al R TEMP. | N Al RWAYS DURI NG | TERATI ON.
HRM(| MX) : VAR ATI ON OF NVP PER MESH DURI NG | TERATI ON.
JAN. TOTAL NUMBER OF ATMOSPHERE JUNCTI ONS
JAJ:  NUMBER OF ATMOSPHERE JUNCTI ONS EXCEPT STARTI NG JUNCTI ON
JAL(10): JUNCTI ON | D NUMBER (I N ATMOSPHERE)
JATP(10): JUNCTI ON TYPE (I N ATMOSPHERE)
JSTAR(10): JUNCTI ONC CONNECTED W TH ENTRY Al RWAYS EXCEPT STARI NG
JUNCTI ON
TSTAR(10): TEMPERATURE | N THE JUNCTI ON AT ARRAY (JSTAR)
MSTAR( 10) : JUNCTI ON NUMBER CORRESPONDI NG TO ARRAY (JNOL)
| STAR(10): JUNCTI ON NUMBER CORRESPONDI NG TO ARRAY (JNO)
TTT: | NTERVEDI ATE ARRAY FOR TEMPERATURE WHEN S| MULATE FOR TRANSI ENT
CONCENTRATI ON SI MULATI ON ONLY ( CONCT=1).
TJSS: | NTERVEDI ATE ARRAY OFR TTJS WHEN CONCT=1.
TRDD: | NTERVEDI ATE ARRAY FOR TTRD WHEN CONCT=1.
QQQ | NTERMEDI ATE ARRAY FOR QQQ WHEN CONCT=1.
COF: THE COEFFI ENT OF FAN EQUATI ON FI TTED BY LEAST SQUARES.
ND: THE DEGREE OF FAN EQUATI ON FI TTED BY LEAST SQUARES.
NLA: THE NUMBER OF COEFFI Cl ENTS OF FAN EQUATI ON.
NSWI: TO SELECT FAN CURVE FI TTI NG METHCD
1 LEAST SQUARE 2. SPLI NE 3. AUTOMATI C 4. AUTO+MANUAL
NCOF: ARRAY FOR THE NUMBER OF COEFFI Cl ENTS OF FAN EQUATI ON
I Nl FAN: THE FLAG SHOAS THE LARGE STATE CHANGE | N SYSTEM AND THE
MESHES REFORM DES| RED.
NPLOT: TREATMENT OF THE BOUNDARY RANGE OF FAN CURVE
1: EXTEND FAN CURVE BY FOLLOW NG GRADI ENTS OF TWO ENDS.
2: EXTEND FAN CURVE AS ABOVE AT LEFT BOUNDARY REG ON AND
SEND GRADI ENT OF RI GHT BOUNDARY REG ON TO ZERO.
3. SEND GRADI ENT OF BOTH SI DES OF BOUNDARY RANGE TO ZERO.
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