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Introduction

MFIRE, written in Fortran 77, is a computer program for ventilation state simulation in the
steady state or transient state condition. It can be applied for the calculation of normal ventilation
system planning or the analysis of the dynamic state variation in a ventilation system under
thermal or mechanical disturbance.

The state simulator MFIRE is a useful tool for mine fire fighting. In the case of a mine fire,
mine ventilation engineers want to get some help to obtain more information, such as what is
happening in the underground mine and how to control the mine fire, for correct decision
making. By use of program MFIRE, forecasts can be made on the variation of airflow,
temperature, and contarninant distribution in a ventilation system during a mine fire. The paths
which the contaminant takes at each time interval can be traced. The program MFIRE can be
of assistance in the preplanning of escape routes. It can also be helpful during a mine fire
emergency and mine recovery operation.

Besides of offering the information of state simulation during a mine fire, MFIRE can be
applied for state control by pretesting the suitability of the selected state control measures. It is
to simulate the effects of the state control measures on the airflow distribution of a dynamic
ventilation system. The testing result can be used for fire fighting in a similar real case of a mine
fire. By employing empirical methods or a qualitative analysis like Budryk approach, ventilation
engineers can choose different combinations of locations and sizes of control devices as samples
of state control for an underground mine fire. Program MFIRE can simulate the different
combination samples, that consist of a certain mine fire, the corresponding different control
measures, and obtain the control effects. After the different control results are compared, the
state control measure, which creates the best effect among the different state control measures,
will be chosen for that fire case. When a mine fire, which is similar to one of the pretested cases,
breaks out, the corresponding choice of the state control measure is applied to the ventilation
system. It means that the simulator MFIRE has the function of indirect state control[10].

To achieve the above two functions, state simulation and state control, the mine ventilation
system condition, sometimes, should be changed in a wide range to meet the requirement of the
fire fighting. These wide system condition changes, such as adding operating fans, stopping or
reversing fans, changing fan characteristics, adding regulators and making airflow shortcuts are
represented in the time table of the input data set. When the data files are changed in a wide
range, however, an iteration divergence and some other computing errors in the distribution of
airflow, temperature, and contaminant may occur. More serious logical programming and flexible
selection on the algorithms are wanted to meet the request of the different data sets, to achieve
correct state distribution simulation and improve the iteration convergence. To enhance the
reliability and common suitability of program MFIRE, it is necessary to make investigation,
analysis, and gnodification for the formal versions of MFIRE. The version 1.29, permitting dry
calculation, and versions 2.01/v2.0, permitting dry and humidity calculation, are widely applied
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in the mining industry today.

The data sets used for the investigation have a wide range of system condition change. The
investigation neveals the new computing problems on the simulation of the airflow, temperature,
or contaminagt distribution, and the algorithm divergence. Programming error, improper
selection of the fan curve fitting method and the treatment of the boundary region of fan curve
can cause the above problems. The modification of the program may induce new problems
because of the complication of the program. Avoiding new problem emergence during source
code modification is a principle that was being followed by the authors of the report.

This report offers the investigation on the computing results of the data sets and the existing
computing problems on the state distribution, the fan curve fitting, the handling of the boundary
region of operating range of fan characteristic. The causes of the problems are analyzed and the
modification of source code of MFIRE is also presented. The investigation is based on the
application of MFIRE v1.29 and v2.0/v2.01. The new data file sample and modified subroutines
of program MFIRE are shown in the appendix A and B respectively. The modifications have
been marked to make them easily to be found.



1. A Brief Introduction of the Different Versions of MFIRE

In the recent years, the Bureau of Mines
has released several versions of MFIRE. Fig.1 Givaiaiatiy
shows the relation among these versions. T —
Based on the former version 1.27 {1}, Yang
made some modifications to develop the
version 129 to improve the algorithm
convergence in 1992 [9]. The outline of the
modification of version 1.29 is following:

dry condition

i). A new cubic spline method is employed
to achieve smooth fan curve fitting and
improve the iteration convergence of network Fig.1 The Different Versions of MFIRE
balancing.

ii). Apply actual airflow direction instead of initial assumed airflow direction in the input data
to determine the temperature of starting and ending junctions in an airway and calculate the
average rock temperature of airway wall.

iii). Correct a programming error. In the subroutine ITR, the fan curve's derivative is converted
into the unit of IN. WG/10° CFM, as in the derivative of a mine airway to match the units in the
iteration formula of network balancing.

iv). The subroutine NVP1 is modified by applying a more reasonable natural ventilation method
as in the subroutine NVP2.

In 1993, based on former version 1.29, Chang made some source code modification and
function enhancement to develop new versions of MFIRE v2.0/v2.01. The version 2.0 released
in August 1993 and the version 2.01 released in April 1994 are similar so that they are put
together [7]. The modification in this version is as follows:

i). Add the calculation of humidity condition.

ii). To simplify the structure of the program, the three parts of source code of MFIRE,
MFIREO.FOR, MFIRE1.FOR, and MFIRE2.FOR, have been combined because the functions
and capacity of computers are greatly enhanced in the present time. It is no longer necessary to
calculate separately for saving computer memory.

ii1). Make some simplifications on the data input and programming structure.

Consequently, the investigation, analysis, and modification of the program MFIRE in this
report are divided into two steps:



i). Upgrade the MFIRE V1.29 to MFIRE V1.30, which is applied in dry case, to improve the
algorithm convergence and the program suitability to different data files. The chapters 3 to 5 will
discuss this problem.

ii). Debug the program MFIRE V2.01, which is applied for both dry and wet cases, to correct
the existed errors and add whatever the modification has been made in the version v1.30 to
develop new version 2.10. Chapter 6 will deal with the problem.



2. Case Study Summary on the Investigation of Divergence Behavior and
Computing Problems in Numerical Solution of Program MFIRE

There are seven groups of data sets, most of them from operating mines in the US, being
applied by this computing investigation. They are i.testdata.dat (51 airways and two fans), ii.
Mult-lev.dat (49 airways and one fan -- Waldo Experiment Mine NM), iii. Cote93.mfi (38
airways and one fan --Fig.3), iv.xt101.dat (70 airways and two fans Dongpong Coal Mine, Xintai
Mining Administration, China), v. f94-10.bas (56 airways and two fans -- Tg Soda Ash, Inc.
WY), vi. Vibbase.mfi (74 airways and eight fans -- The Viburnum N0.29 Mine,MO), and vii.
Brushy.mfi (60 airways and five fans -- The Brushy Creek Mine, MO).

Based on above data sets, there are three functions of program MFIRE being investigated: 1.
steady state simulation, network and temperature calculation, ii. unsteady state simulation, and
iii. quasi-equilibrium state simulation. The cases A, B, C, and D in data sets cote93.mfi and
brushy.mfi, the cases A, B, in data sets vibbase.mfi and f94-10 has described the variation in
ventilation system condition.

The summary of investigation in table 1 shows that the iteration divergence or wrong
computing results were induced by the variation of ventilation system condition. The convergence
behavior may get ever worse in a multi-fan system. The problems revealed by the investigation
of program MFIRE can be divided into two groups: '

A. the computing divergence during iteration

i). the computing divergence in network balancing calculation

ii). the computing divergence in natural ventilation calculation

iii). the fan operating point calculated converging to the outside of the operating region
of fan curve. It may be induced by two reasons: iteration divergence or an unsuitable fan
installed. The problem caused by the divergence should be analyzed and solved in this report.
in the case of a wrong fan installed, which is not caused by programming error, a suitable fan
should be selected and the input data file should be modified.

B. the error in programming

1). give the wrong distribution of airflow rates, temperature, and contaminant in quasi-
equilibrium and dynamic state calculation.

if). When one fan is stopped, the operating fans with higher sequence numbers may pick
up wrong fan characteristics.

iii). the error in output results



variation in steady dynamic state quasi-
system state simulation equilibrium comment
structure simulation state simu.
testdata.dat correct correct correct two files have been
2 fans applied for development
and modification of
MFIRE (& 2
mult-lev.d correct correct correct SRS
at 1 fan
xt101.dat correct correct correct
2 fans
94-10. DNB DNB DNVP DNB DNVP old version < v1.29
bas
2 fans correct correct cormrect new version > = v1.29
blower in AW 1 cormrect DNB, WRONG *** if outer-level
coteg3 then stop, an OPT\OUT STA'IE Hesksk iteration is one time, it
exhaust fan in ! will causes problem
.mfi AWS when airflow reverse
1 fan
5o fan in steady DNB* DNB, correct *caused by cyclic
state then blower patiern in every 2
(case) fan in AW 1 OPTOUT iterations because no fan
AW 1has fixed | correct DNBDNVP, | WRONG =+ if outer level
Q, then fan stop OPTOUT STATE*** iteration is one time. it
an exhaust fan causes problem when
AwS airflow reverse
dynamic part, a DNB* DNB, correct *caused by cyclic
blower fan in OPTOUT pattern in every 2
AW 1, stop, an successive iterations
exhaustt fan in because no fan
AW S operation
vibbase. correct correct correct
mfi
8 fans fan 4 correct WRONGFAN, correct error in time table
reverse DNB data handled
fan 4 correct DNB,OPTQUT correct
brushy Teverse WRONGFAN
amfi
5 fans fans 4,5 correct correct** correct ** but if fan 3,4
reverse reverse, curve of fan 5
will be wrong fitted
(case)
same as A DNB,DNVP DNB,DNVP, DNB,.DNVP the data POiH;;Df fan3
are changed from
fan 3 change OPTOUT (10000, 16600, 27000) to
20000, 26600, 27000
sane as B DNBDNVP | DNBDNVP, DNBDNVP, | Gt dvergems
fan 3 change OPTOUT problem.

Table 1 The Investigation of Simulator MFIRE (v.1.29)




To table 1

DNB: divergence in network balancing calculation,

DNVP: divergence in natural ventilation pressure calculation,

OPTOUT: Operating point in the outside of operating range of fan curve,
WRONGFAN: Picking up a wrong fan characteristic,

WRONGSTATE: Wrong temperature, fume, and airflow distribution.



3. The Investigation and Analysis of Divergence Behavior in Numerical
Solution of Program MFIRE

The iteration convergence behavior is tied, in many ways, to various aspects involved in the
numerical analysis algorithm for network calculation, programming of source code, fan curve
fitting, fan operating point finding, and the handling of the boundary region of fan characteristic
curve. The modification of fan curve fitting by applying a new cubic spline interpolation
approach has reduced the possibility of iteration divergence [9]. The application of some data
sets, however, has still resulted in iteration divergence as shown in table 1. Consequently, in this
chapter, a brief analysis is introduced to reveal the necessity of selecting flexible methods for the
fan curve fitting and the treatment of the boundary region of fan characteristic curve. A
comprehensive investigation for the relations between the convergence behavior and the system
condition changes, programming error, fan curve fitting method, and the treatment of the
boundary region of fan curve is offered.

3.1. The iteration process in ventilation state simulation

During dynamic state simulation, the data, such as the distribution of airflow rates,
temperature, and contaminant must be updated in each time interval. An interval-oriented
simulation method is applied in simulator MFIRE. Each airway, affected by a mine fire, is
divided into several segments, control volumes, along airways[3]. The parameters in each
segment, such as location, temperature, concentration of fume and methane, are updated and
recorded. By advancing the air segments, the parameters in junctions and airways are calculated.
A nested iteration is employed because of the complicated nature of dynamic state simulation.
The inner iteration for network balancing is the same as steady state simulation. The criterion of
airflow rate correction in airways of one mesh is taken to be 10 CFM in the average increment
summary. Its convergence behavior of iteration is related to the applied methods in network
solving and fan curve fitting.

The outer iteration is for updating natural ventilation pressure. The variation of natural
ventilation drafts during the refining process of iteration is the key factor that induces the
parameter changes in the ventilation system. It is naturally chosen as the criterion to judge if the
computing accuracy is satisfied. In program MFIRE, the criterion, being the absolute value of
difference of the natural ventilation pressure between two successively performed iterations, is
taken to be 0.0002" W.G. per mesh. Its convergence behavior, not like the inner iteration
depending on the specific algorithms for fan curve fitting and the network solving, may relate
to the pattern of state variation during iteration and the influence of network calculation results.
The divergence of network balancing (inner iteration) will cause the large error of the pressure
balancing in each mesh so that the divergence in the natural ventilation pressure calculation, outer
iteration, is induced. The convergence in the inner iteration becomes the prerequisite for the
computing convergence of the outer iteration. The reversal of the airflow in some airways
between two successively preformed iterations is often another reason for divergence in the outer

8



iteration. Consequently, the investigation and analysis of divergence behavior should be
considered on the solution method of ventilation network, fan curve fitting method, treatment of
boundary region of fan curve, and programming error. Seven groups of data sets have been
employed for the experiment investigation to check the correction of formal and modified
programs on above items with intermediate and final output. The results of investigation are
combined with the theoretical analysis to reveal the soundness of various algorithms and

programming.
3.2. The analysis on Hardy Cross method

The comments on the solution method of a ventilation network have been carried on many
years. They can be easily found from many technical papers about mine ventilation network
calculation around the world. The Hardy Cross method, which is the most popular approach
among various algorithms, has been proved to be one of the good solution methods for the
ventilation network.

The Hardy Cross method omits all terms of the second and higher-order derivative from the
Tailor's expansions of the ventilation network equations. It disregards the first order derivative
terms but those with respect to the airflow rates in the primary branches of each mesh. In this
way, the simultaneous equation set of a ventilation network is converted into a set of equations
that are independent of each other. The algorithm becomes very simple but the convergency of
this approach suffers from an intricate network divided into independent meshes.

Obviously, if the term in the first order derivative with respect to the airflow rate in the
primary airway, the remainder term, is much larger than the other terms of the first order
derivative, the omitted terms, the influence of those terms omitted on the algorithm convergency
can be reduced. The term RQ, the product of resistance R and airflow rate Q, is the first order
derivative of RQ* with respect to the airflow rate in a primary airway, It should be as large as
possible so that the convergence of the Hardy Cross method can be improved. That is why the
airways with large RQ should be selected as primary airways. The pattern of meshes formed from
a ventilation network, which is based on the selection of primary airways, becomes an important
factor of iteration convergence for Hardy Cross method. If the state distribution of a ventilation
system is changed by the airflow reversal, fan added or stopped, or regulator added, the pattern
of meshes should be alternated by finding new primary airways from the renewed values of the
RQ in airways. In some programs for mine ventilation calculation, the airways with large airway
resistance R are chosen as primary airways, because the program developers think that the initial
airflow rate Q is assumed and the product of RQ is no meaning to be the selected standard for
finding primary airways. In fact, the Q will converge to the true value gradually after several
iterations. The RQ choice will offer faster convergency than the R choice after reorganizing the
pattern of meshes according to the upgraded value of RQ.

From the Hardy Cross method, the correction increment of each iteration is given as



following

= () P ) ®
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where: AQ, is the correction increment of the airflow rate in mesh i,
m is the total number of meshes in a ventilation network,
N is the total number of branches in the ventilation network,
Cy 1is the fundamental mesh matrix,
R, is the resistance of branch k in mesh i,
Q. is the airflow rate in branch k in mesh i at the n-th iteration,
F,(Q®) is the fan pressure function in mesh i with airflow rate Q, being its argument at
the n-th iteration.

The investigation shows that the correction increment of airflow rate AQ should be large
enough for fast convergence. If the AQ is too large, however, it will cause a divergence problem
because the large fluctuation may be induced. In the denominator of equation (1), the first
derivative of regular airway characteristics R,|Q,| is always positive. The slope of the normal
operating range of the fan characteristic curve is always negative. The denominator remains
positive during the iteration process in network calculation. If the fan curve is flat (the slope of
fan curve is small), the derivative of the fan curve has small influence on the airflow correction
and computing convergence. If the slope of the fan curve is very large and the fan curve rises
steeply, the very large value of the denominator will cause the divergence problem [2].

The other factor affecting the computing convergence is the numerator in equation (1). The
intermediate calculating results of the case study show that the divergence will occur sometimes
such as at the large value of the numerator, or at the mutual change of positive and negative
values between two successively preformed iterations. The correction increment of airflow rate
AQ cannot be reduced to achieve computing convergence.

3.3. The boundary region of fan curve

Normally, the operating point, the intersection of the fan characteristic curve and network
characteristic curve, is in the operating region of the fan curve. Sometimes, if the fan is not
suitable for the ventilation network or there is thermal draft disturbance during mine fire, the
operating point may converge outside the operating region. On the other hand, in the initial stage
of iteration, the upgraded operating point is always starting from the outside the working region,
then gradually converging to the operating region because the initial airflow distribution is
assumed. Consequently, it is important to investigate and analyze the influence of the boundary
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Fig.2 Handling boundary region of fan curve

region of the fan curve on the convergence behavior in network simulation. Fig.2 shows the
treatments for the boundary region that are represented by NPLOT=1,2, and 3 in the new version
of program MFIRE v1.30 and v2.10.

A data set Vibbasel.mfi (NSWT=2 --- cubic spline interpolation ) is applied for the
investigation. At case 1, (NPLOT=1), the network calculation gets convergency. At case 2, if the
airflow rate passing through fan is larger than that of the most right data point of the fan
characteristic, the fan pressure is equal to that of the data point. It means that the slope of the
right side of the outside region of the fan curve is equal to zero. The convergency cannot be
achieved at 200 iterations because the discontinuity of the first order derivative at point C. The
intermediate results show that the influence of the discontinuity is not equal shared on each fan
curve fitting. The divergence of network calculation is caused by three out of the total eight fans
(fan 2, 6 and 8). The AQ,, AQ,, and AQ; cannot be reduced during iteration and the airflow
rates (CFM) of the three meshes in the iteration have large fluctuation as table 1 shown:

fan Iteration times
No.

3 4 5 6 197 198 199 200
2 37862 25465 38144 25569 38284 25000 38285 25001
6 58686 38363 59332 38678 59134 39398 59132 30450
8 53193 34280 53256 34303 53103 34862 53099 34854

Table 2. The fluctuation of airflow rates during iteration
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The data in Table 2 shows that i. the convergency cannot be achieved even the maximum
iteration time is increased because of the data recirculation. ii. The fluctuation of data will cause
a big problem in calculation results. The final outputs will shows the airflow rates for fans 2, 6,
and 8 are 38285, 59132, and 53099 CFM but 25001, 39450, and 34854 if one chooses the
maximum iteration number 199 instead of 200. Consequently, the results are much different only
because of the different iteration time chosen. This is why the divergence sometimes may cause
very large error in the distribution of airflow rate, temperature, and contaminant. In the data
recirculation situation, the iteration error of network balancing is always larger than 10000 CFM
per mesh, compared to the iteration criterion 10 CFM per mesh.

In Case 3 (NPLOT=3), the computing convergency is achieved. The calculation results are
similar as case 1. The analysis of the intermediate printout shows 169 iterations needed to
achieve the convergence for network calculation and there is large fluctuation of computing
airflow rates before the 160-th iteration as case 2. The reliability of convergency here should be
questioned. The discontinuity of the first order derivative at the turning points B and C cause
this problem. The influences of the discontinuity on different data files are different. The
investigation shows that the divergence is only caused by a few data files. The pattern of case
1 may be the best method for most data files. It may, however, gain the negative pressure when
the operating point is at the right outside region of fan curve as the cases marked (1)* in table
3. In order to meet the convergence requirements of the fan curve fitting for various data sets,
the flexible selection of boundary region handling is offered in the modified versions of program
MFIRE v1.30 and v2.10.

3.4. The analysis on computing convergency with the applied fan curve fitting method

From given data points of fan characteristics, the fan curve fitting is to search some
approaches to offer an approximating function. There are two basic schemes, the first scheme
requires that the approximating function passing through every data point (interpolation method
such as Lagrange or cubic spline interpolation). The alternate approach is to find a simple
function that applies over the total range of known data points of the fan characteristic but does
not necessarily to satisfy every data point (curve fitting method such as least squares method)[8].

For the Lagrange interpolation, the n+1 data points of the fan characteristic can interpolate
a polynomial of degree n. This method allows simple programming and gives a smooth fit of the
fan curve. It is applied for fan curve fitting at the early stage of ventilation network calculation.
It should be noted, however, that polynomial interpolation of this type can be dangerous toward
the center of regions where the independent variable is widely spaced. Although the polynomial
is "tied down" at the data points, it is free to wonder, possibly excessively, between widely
spaced data points. To improve the accuracy of fan curve fitting, the number of data points is
often increased. Large fluctuations may be induced between the data points because of the higher
degree of the formed polynomial, caused by the large number of data points. Therefore, the order
of polynomials, formed by applying the least squares fitting or cubic spline interpolation, can be
determined by user. The two methods become the most popular approaches for fan curve fitting
in ventilation network calculation.
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The method of least squares is to seek an approximating function such that the sum of the
squares of the difference between the function and the actual data is a minimum. The key for the
application of the least squares approach is the choice of the degree of polynomial to be used for
the fitting of data. It is a difficult job. The best situation is one in which it is already known that
the data should fall on a polynomial of a given degree. This degree of the polynomial is then the
obvious choice. Qualitative judgements can often be made by examining the data. For example,
if the data appear to contain one inflection, then a cubic is the obvious choice. The degree of
polynomial generated by least square interpolation is always chosen from three to five to prevent
the fluctuation of fitted curve. The least squares approach can reduce the influence of a few
wrong data points on curve fitting because the fitted curve does not necessarily pass through
those data points as interpolation method does. This is the important advantage for the experiment
data handling. If the data points of fan characteristic, however, are picked up from the fan curve
offered by manufacturer or fan test in the field with the picked data correction, the data points
of the fan curve are picked up correctly. The above advantage of least squares method is not
obvious.

Among the spline interpolation methods, the cubic spline interpolation is the most popular
approach applied in engineering. Technically, the failure of smoothness is in the pronounced
discontinuity of first derivative. Thus, at each data point, the slope of the spline can change
abruptly from one value to another. One joins cubic polynomials together so that the resulting
spline function S has two continuous derivative S' and S" everywhere. At each data point, three
continuity conditions will be imposed. Since S, S', and S" are continuous, the graph of the
function will appear smooth to eye. Discontinuities, of cause, will occur in the third derivative
but cannot be detected visually, which is one reason for choosing degree three. Experience has
shown, moreover, that seldom is any advantage gained by using spline of degree greater than
three [6,8].

The investigation shows that no fan curve fitting method being perfect for every data file.
The modified source code of MFIRE offer 4 kinds of choice to make the selection of fan curve
fitting more flexible. i. least squares fitting (NSWT=1); ii.cubic spline interpolation (NSWT=2);
iil.automatical selection by program following some standards of curve fitting selection
(NSWT=3); iv. combination of automatical and user selection (NSWT=4). In the fourth case, the
program offers the selection as reference then user make choice according to the reference and
actual fitting results from above methods.

The practical application of program MFIRE reveals that the cubic spline interpolation is
sensitive to the uneven distribution of data points. The spline method will have more interpolation
error than least square method if the data points show the tendency of forming a straight line
approximately. The modified program selects the least squares method automatically if the
proportion of maximum and minimum spread between data points of a fan characteristic is larger
than four or the data points show the fitting curve being about a straight line.
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As Fig.3 shows, in the modified "
MFIRE, the fluctuation DIFH of each two sk
successive data point is added to gain -
THSUM after applying the cubic spline and et
least square methods respectively. The two
fitting errors of THSUM from above two
methods, which are calculated from equation
(2), are compared. The curve fitting method
offering less fitting error is selected for the
corresponding fan. If user switches to
automatical selection (NSWT=3), the results 8 =) DR EET >0
of comparing fitting error THSUM is applied e kit el e i raes Bt
for choice of fan curve fitting method. If the
user prefers to choose the combination of
automatic and manual selection (NSWT=4), the comparing results are applied as reference. The
results of fan curve fitting by employing least square and cubic spline methods are outputted on
the screen (there are five data points being printed out between two input data points). The user
make final decision from the reference and the data of fan curve fitting results are printed on the
screen.

~ - PH(L,i))+PH(L,i+1)

THSUM = Y |DIFH(G)| = Y |[HFM- 5 2)
i=1 i=1

where: n: the number of data points

i: the data points of fan characteristic

HFM: the pressure, which is given by the fan curve fitting, corresponds to the airflow
rate QFM, which is the airflow rate of the middle point between the two
successive data points of fan characteristic.

DIFH(i): the fluctuation of fan curve fitting for the middle point in the i-th section of
fan curve.

THSUM: the summary of the fluctuation of the fan curve fitting.
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former NSWT=1*** ~ NSWI=2 NSWT=4
peogam NPLOT= NPLOT= NPLOT=
1 2 3 1 2 3 1 2 3
testdata A yes yes yes yes yes yes yes yes yes yes
dat B | yes yes yes yes yes yes yes yes yes yes
2tis c yes yes yes yes yes yes yes yes yes yes
mult-lev A yes yes yes yes yes yes yes yes yes yes
dat B | yes yes yes yes yes yes yes yes yes yes
159 G yes yes yes yes yes yes yes yes yes yes
code93. A yes yes yes yes yes yes yes yes yes yes
mfi B no yes yes yes yes yes yes yes yes yes
A1 & no yes yes yes yes yes yes yes yes yes
xt101. A yes yes yes yes yes yes yes yes yes yes
dat B | yes yes yes yes yes yes yes yes yes yes
43ms C yes yes yes yes yes yes yes yes yes yes
94-10. A yes yes yes yes yes yes yes yes yes yes
g“?ans B yes yes yes yes yes yes yes yes yes yes
c yes yes yes yes yes yes yes yes yes yes
vibbasel A yes yes yes yes yes no yes yes no yes
mfi B yes yes yes yes yes no yes yes no yes
— C yes yes yes yes yes no yes yes no yes
vibbase2 A yes yes yes yes yes no no/yes yes no yes
‘;T}izns fans B no yes yes yes yes no yes no no no
reverse C no yes yes yes yes no yes no no no
brushyl. A yes yes yes yes yes yes yes yes yes yes
Ingn 5 fans B yes (1)* yes yes (1) yes yes (1) yes yes
reverse C yes (1) yes yes (1) yes yes (1) yes yes
brushy?2. A yes yes yes yes yes yes yes yes yes yes
g‘?mi fans B stop yes yes yes yes yes yes yes yes yes
reverse C yes yes yes yes yes yes yes yes yes
brushy3.mfi | A nq yes yes no yes yes no yes yes no
?;]1 3 but B nTlEtop yes yes no/yes yes yes no yes yes no/yes
changed & : yes yes yes yes yes no yes yes yes
brushy4. A no yes yes no yes no/yes no yes yes no
g:il ?:n23 B no/stop yes yes no/yes yes yes no/yes yes yes no/yes
changed C | yes yes yes yes yes yes yes yes yes
brushys. A no yes yes no/yes yes no/yes no yes yes no
g;ii 33?3:3 B no yes yes yes yes yes no/yes yes yes no/yes
reverse Cc no yes yes yes yes yes yes yes yes yes

Table 3. The Investigation of the compuung Convergence
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Explanation to table 3
(1)*. The fan operating point is converged to negative pressure.
*¥ The former program means the program MFIRE (v.1.29) with NSWT=2, NPLOT=3.

*¥* NSWT is the array in the modified program MFIRE for the selection of fan curve fitting
method:

1--least square fitting method, 2--cubic Spline interpolation,

3--automatic choice, 4--automation+user choice.

The no/yes means that the computing convergence is not achieved in the first part but
achieved in the second part. In the dynamic simulation B. the time interval of the system
condition change (adding or stopping fan) is often the demarcation line for the two parts. In the
steady state simulation, the first and second parts are network balancing and temperature part
respectively.

NPLOT is the switch of handling the boundary region of fan curve as shown in Fig.2.

Cases A, B, and C are steady state, nonsteady state, and quasi-equilibrium state simulation
respectively.

3.5 Case study on the relation between computing convergency and the fan curve fitting or
boundary region treatment of fan curve.

Table 3 shows the investigating results of the computing convergency when different data sets
are applied. The results focus on the influence of system condition change, fan curve fitting and
treatment of boundary region of fan curve on the computing convergence but not on the influence

of programming error. The summary of programming error influence has been introduced
separately in the table 1 and the error analysis will be introduced at the later part of this report.

From the investigation of the relation among the computing convergency with the system
condition change, fan curve fitting methods and the treatment of the boundary region of fan
curve in table 3, following conclusion can be given:

i. The computing convergency can be achieved easily in a ventilation system with a few fans.

ii. The large state variations (fan stop and reverse) in a multi-fan system may induce a
divergence problem more easily.

iii. No fan curve fitting method or the treatment of the boundary region of fan curve is perfect
for every data set. Usually, either the cubic spline or the least squares methods can give
convergence computing results. For applying data file vibbase2.mfi, the least squares method
offers better convergence than the cubic spline does. The cubic spline method, however, offers
better convergence than the least squares method when applying data file brushy2.mfi.
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vi. The new version of Program MFIRE has included the least squares and cubic spline
methods, and offers three treatments for the boundary region of the fan curve to offer more
flexible choice of approach for improving the computing convergency and simulating accuracy.
The cubic spline interpolation and NPLOT=1 are suggested for the fan curve fitting of the fans
added in time table.

v. The formal treatment of the boundary region of fan curve in MFIRE (v.1.29) makes the
slope of that region equaling to zero to reduce the denominator of equation (1) and increase the
correcting increment AQ. The increase of AQ can speed the convergency for some data sets but
may cause calculating fluctuation for other data sets because of the discontinuity of the first order
derivative at the turning points B and C in Fig.2.

vi. In data file brushy2.mfi, the computing result from the former program is even better than
that of the modified program in some selections of fan curve fitting methods (NSWT=1 and
NSWT=4). It means that the spline method is better than the least square method for this data
file and the auto - selection of fan curve fitting method in the program is not always reliable for
any data set.
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4. The Investigation, Analysis and Modification on the Iteration
Divergence Caused by Programming Error.

Besides of the methods of the fan curve fitting, treatment of boundary region of fan
characteristic curve, the programming error, of course, can induce the iteration divergence too.
Data sets cote93.mfi. brushy.mfi, and vibbase.mfi are used for the investigation and reveal that

the fan behavior change (fan added, stopped, or reversed) may cause computing divergence.

4.1 The fan behavior change in dynamic state simulation part (data file -- cote93.mfi)

The condition change in fan behavior of data file cote93.mfi offer four cases (case 1 to case
4) for the investigation.

4.1.1 The investigation of computing results

a. Case 1 (cote9305.mfi):

1 10275
3~

18

iivxoz~ 5 hours later, the airflow
= direction
= 15 — - nomal airflow direction

Fig.4 The ventilation network of the data file cote93.mfi
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At dynamic simulation part, a blower fan in airway 1 stops and another exhaust fan in
airway 5, which is parallel to airway 1, is in operation. Airway 1 is changed to an ordinary
airway, fan stops, with resistance equal to 10 (1.E-10 IN.W.G./(CFM)2) at 10 MIN. The
resistance of airway 1 is changed to 3755.102, while an exhaust fan start operation in airway 5
at 15 MIN. with fan characteristics specified by four data points as 90000 (CFM), 4.25
(IN.W.G.), 101750,3.025, 113700,1.5, 120000,.30. This change is shown in the following time
table of input data set:

10,1,1,10.
15,1,1,3755.102
15,2,5,4,90000,4.25,101750,3.025,113700,1.5,120000,.30

The computing results for the state distribution in 1200 seconds after event are as follows.
The calculation did not get convergence in two-level iteration: In the natural ventilation pressure
calculation: ten cycles of data preparation, the outer iteration, cannot achieve convergence for
natural ventilation pressure calculation (error 1 larger than the criterion 2*¥10* IN.W.G.). In the
airflow distribution calculation iteration: 500 iterations for each cycle cannot achieve convergence
for network balancing and the error 2 is larger than the criterion 10 CFM per mesh. The current
errors for each preparation cycle at the time interval of 1200 seconds are following:

cycle 1 2 3 4 5 6 7 8 9 10 "
errorl larger than 2*10-* IN.W.G.
emor2 | 23416 | 17336 | 26862 | 17779 | 26836 | 17790 | 26856 | 17790 | 26836 | 17790 |

Another problem of the computing result is that the fan operation point (123037 CFM, .298 IN.W.G.)
is out of the operating region of fan characteristic.

b. Case 2 (cote9311.mfi)

There is no fan in steady state simulation, then having blower fan in airway 1 in dynamic state
simulation: It means that the changes are made as following in data file cote93.mfi:

s s s s e s ok sk s s ok o sk sk sl sk sk s e sk s s sk e se s s s s se s sk sk ok e sl o o o o s s o oo sk ok ok o sk s s o s s o s s s e sk e ook sk st e e ook sk ok ok ke ok
sfe e e Sesese s s s s sk ke s s el ook e s sk s s e s s e e s se s s s ok s e e se s s s sk s s s s s s e ke sk o o sk o ke o o sk s sk o ok o s ke ok s ok ok oK ok ok ok

$NB,NFNUM,INFLOW,NVPN,NETW,T,MADJ,ITN,NTEMP,TINC,SPAN,IOUT,TOUT, CONCT,DR
380 , 0.0.09%, , ,0300,60,-2,5;0 072

$-------- NO,JS,JFNWTYPR, Q KF,LA, A,0,HA HK,CH4V,CH4PA , TROCK--$
1 2 0 .000000 203500, 50 58 30,,,, 90

$ TIME TABLE FOR CONDITION CHANGE
$-- (IT MUST END WITH A ONE-LINE VALUE LARGER THAN "SPAN" IN CARDI) --$
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5,3,23,2000,50,5000.
0,2,1,4,180000,8.5,203500,6.05,227500,3.00,235000,1.6

s e ol sk e e s e s s ool e sl sl o ke e e e s e e s s ko s s s s e s s s ool sk s s e s s

From the output, one can see the algorithm could not get convergence at each time interval (in the
network calculation, the error is about 20888 CFM per mesh, which is much larger than the convergent
criterion of network balancing 10 CFM per mesh. The fan operating point, 263706 CFM,1.6 IN.W.G.,
is out of the working region of fan characteristic.

c. Case 3 (cote9303.mfi)

It is the same as case 2 except airway 1 being the fixed quantity airway, the added fan being shut down
at 10 MIN. and a reverse fan starting operation at 15 Min. in dynamic simulation part.

s sfe s e e 3 s s s e e e e e e e s e s she s e s s s she s she sk o she s e s sfe e e she s sbe sk e e s s she ke e e e s s s e s s s s sfesfe e s sheofe e e 3k e afe s sl s sk ek ol sk e ek ok
e s 3k o 2 afe s ok ofe e st e shesfe s sk e she e o sk o s she e abe s sbe b e afe s e e vk o sk o ok e s ke sk e shesle s e sk e sl sbe e sk s o e ok e ke o ale e ol e e sl e s e ol o skl ol ek e ke ke e ke R ok

$---———- NO,JS,JF,NWTYPR, QKF, LA,A, OHAHK,CH4V,CH4PA TROCK---$
1 2 -1 .000000 203500,, 50 58 30,,,90

$--(10) TIME TABLE FOR CONDITION CHANGES: ---------------- §

5,3,23,2000,50,5000.

10,1,1,10.

15,1,1,3755.102
15,2,5,4,90000,4.25,101750,3.025,113700,1.5,120000,.30

sl sk s se e s se e s s sl s sl e et e e e se s s s e e s sk sk s s ke s ke s s se s e e e ke o s s o el e sk s s o s s s sl sl e s sk sk s s s skokeak e ke ok ok ok ok ok

The computing results are following:

The calculation did not get convergence in the two-level iteration: In the natural ventilation pressure
iteration: 10 data preparation cycles cannot achieve convergence. Error 1 larger than the iteration
criterion 2*10* IN.W.G. per mesh. In network calculation iteration: 500 iterations for each cycle cannot
achieve convergence. Error 2 larger than the requirement of computing criterion for convergence 10 CFM
per mesh.

[ovee [ 1 2 3 4 5 6 7 8 9 10 |

|| erorl larger than 2¥10* INW.G.
II error2 23258 [ 26943 ] 17650 l 26918 ] 17652 I 26917 I 17652 I 26917 I 17652 I 26917 “

Another problem is that the fan operating point (155722 CFM, .298 IN.W.G.) is out of the operating
region of fan characteristic curve.

d. Case 4 (cote9302.mfi)

There is no fan in steady state part, then installs a blower fan in airway 1, stops in 10 MIN. and
starts a exhaust fan in airway 5 while the resistance of airway 1 changed to 3766.102 (1.E-10 IN.
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W.G./(CFM)**2), described as following time table:

5,3,23,2000,50,5000.
0,2,1,4,180000,8.5,203500,6.05,227500,3.00,235000,1.6
10,1,1,10.

15,1,1,3755.102
15,2,5,4,90000,4.25,101750,3.025,113700,1.5,120000,.30
$50,3,23,2000,50,40000.

There are two problems found from the computing result of above data file (at 600 seconds after the
event): a). network calculation has not converged. The error is 20889 CFM (comparing with the required
criterion 10 CFM per mesh; b). the operating point (263706 CFM, 1.6 IN.W.G.) is in the outside the
working region of fan characteristics.

The summary of the influence investigation for ventilation system condition changes (fan added,
stopped, and reversed) on the computing convergence is shown in Table 4.

divergence 1200 sec.* 1500 sec. 1800 sec. 2100 sec. 3600 sec.
iteration error
casel (CFM/per mesh) 17790 25618 23816 23718 | s 23856
opt. P inwg 0.298 0.300 0.300 0300 | e 0.300
point Q CFM 123037 149205 146129 146156 145993
iteration error
case2 (CFM/per mesh) 20889 20889 20889 20889 20888
opt. P inwg 1.600 1.600 1.600 1.600 1.600
point Q CFM 263706 263706 263706 263706 263705
iteration error
case3 (CFM/per mesh) 26917 21289 23581 23546 23626
opt. P inwg 0.298 0.300 0.300 0300 | . 0.300
point Q CFM 155722 149543 146630 146655 146488
iteration error (600 sec.)
cased (CFM/per mesh) 20889
opt. P inwg 1.600
point Q CFM 263706

*: the iteration error and operation point of fan in the time interval of 1200 seconds after fire breaks out

Table 4. The influence investigation of system condition change on computing convergence

4.1.2 The result analysis and modification

The case study of case 1 to case 4 shows that the fan behavior change induces some large
different distributions of airflow rates, temperature, and contaminants. The former versions of
programs MFIRE v1.29 and v2.01/v2.0 will reform the meshes pattern for ventilation network
calculation only in airflow reversal case but not in the case of the large variation of airflow
distribution. The primary airway selection and meshes formation were based on the product of
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the resistances R and the airflow rates of airways Q which is the former airflow distribution but
not the changed airflow distribution. From the application principle of Hardy Cross method, the
former selected primary airways and corresponding pattern of meshes cannot be suitable to the
new airflow distribution, and therefore, cannot improve the convergence of the algorithm. The
programming error on the meshes reformation induces the computing divergence for case 1 to
case 4.

In the modified program MFIRE v1.30 and v2.10, if some system condition changes happen
in a ventilation system (such as fan added, fan stop and reverse, regulators installed) as time table
shown, The flag INIFAN is sent to 1 at the subroutine CDCH used to handling the time table
data. The airways rearrangement and meshes reformation will be started again to improve the
computing convergence for network calculation. A new subroutine ITR1 in version 1.30, which
adds the mesh reformation part to subroutine ITR, is appended. In version v2.10, the mesh
reformation part is added to ITR directly. The modified program MFIRE offers correct computing
results and achieves the algorithm convergence as Table 5 shown which is applied same data set
as Table 4.

divergence 1200 sec. 1500 sec. 1800 sec. 2100 sec. | cveeeee 3600 sec.
iteration error
case | (CFM/per mesh) <10 <10 <10 <10 <10
1 opt. P inwg 1.228 1316 1.329 1.335 1.331
point Q 115195 114756 114688 114659 | oo 114671
CFM
iteration error
case | (CFM/per mesh) <10 <10 <10 CA L T <10
2 opt. Pinwg | 5.959 5.959 5.959 5.959 5.959
point Q 204370 204370 204370 204370 wsiisen: | 204370
CFM
iteration error
case | (CFM/per mesh) <10 < 10 <10 <10 <10
3 opt. P inwg 1227 1.316 1329 1.335 e | 1932
point Q 115197 114757 114688 114659 114671
CFM
iteration error (600 sec.)
case | (CFM/per mesh) <10
4 opt. P inwg 5.959
point Q 204371
CFM

Table 5 The computing results of modified program MFIRE
4.2 The error caused by fan characteristic changed (data files brushy.mfi)

The data set brushy.mfi is a file about a mine ventilation system with five operating fans and
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the characteristic of fan 3 is changed to offer cases E and F.

4.2.1 Case E (data file brushyl.mfi)

The iterations in network balancing and natural ventilation calculation are converging

4.2.2 Case F (Data file brushy3.mfi)

The fan characteristic of fan 3 in airway 3 of data file brushyl.mfi is changed
from 3,3

10000,8.1,16600,1.27,17000,.10
to 33

20000,8.1,26600,1.27,27000,.10

The computing result shows that the network calculation cannot get convergence at the steady

state, dynamic, and quasi-equilibrium state parts and the computed operating points of the fans
are wrong:

steady dynamic state simulation quasi-
state equilibri
120.8 240. S 360.S 480.5 600.S i Bta
error 1347 2535 2534 2569 2577 <10 271
CFM
case F Outside
operating yes yes yes yes yes no yes
range ?

Table 6 The former computing results for case F

From the investigation of table 6 and table 3, in the column of the former program -
brushy3.mfi and the column of the modified program, the case of NSWT-2 and NPLOT=3, they
give same divergence results. It means that the divergence is not caused by the programming
error. Selecting suitable methods for the treatment of boundary region of fan curve (NPLOT)

and fan curve fitting (NSWT) improve the convergence behavior as follows:
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steady dynamic state simulation quasi-
state equilibri
1205 | 240.S | 3605 | 4805 | 6005 | um stae
error <10 <10 <10 <10 <10 <10 <10
CFM
case E Outside
operating no no no no no no no
range ?
Table 7 The new computing results for case F




In the row of brushy3.mfi of table 3, the other choices except NSWT=2 and NPLOT=3 can
achieve the computing convergence as shown in Table 7.

4.3 The error caused by the data handling in the time table (data file vibbase.mfi)

In data file vibbase.mfi, eight fans are operated in a mine ventilation system. One of the
eight fans is reversed to form two different cases G and H for investigation.

4.3.1 Case G (date file vibbasel.mfi)

There is no fan behavior change in the data set. The computing convergence is achieved
as table 8 shows.

steady dynamic state simulation quasi-
state equilibri
720.8 840. S 960.S 1800.S wm. sigts
error <10 <10 <10 €10 | s <10 <10
CFM
case G Outside
operating no no no no no no
range ?

Table 8 The former computing results for case G
4.3.2 Case H (date file vibbase2.mfi)

There are eight fans operating in the steady state part, then, fan in airway 1 stop and a
fan starts running in airway 10 that is in parallel with airway 1, the case of fan 1 reversed:

The problems in following results are i). network calculation cannot get convergence; ii).
after fan in airway 1 stop, the fan curve fitting for the fans in airways 2,3,4,5,6,7,8 are wrong.
The fan with sequential number n picks up the data points in characteristic of a fan with
sequential number n-1. iii). some operating points of fans are in the outside the working range
and the computing state distribution is wrong. The wrong computing results are shown as the
table 9 and 10.

a. The computing divergence and operating point being the outside the operating region
of fan curve
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steady dynamic state simulation quasi-
state = equilibri
720.8 840. S 0608 | e 1800.8 im stite
error <10 33750 18481 25979 48178 <10
CFM
case H Outside
operating no yes yes yes yes no
range ?

Table 9 The former computing results for case H

b. Pick up a wrong fan characteristic curve

Because of the wrong handling in system condmon change in the time table (dynamic part), the
picked fan characteristics are totally wrong:

There are eight fans in the ventilation system.

;b:’;)OO,Z.?SS1800,1.25,32500,.5
5&00,8.0,35500,2.7,36500,1.0
33100.7.152400,0.5,53000..20
;Efsoo.4.oo.33soo.o.6,34000,.1
géssoo,6.0.25500.2.3,27000,0.2
25%00.6.5,52900.1.27,54000..5
;%3900,6.0.31500,1.05,33000,0.30
48163000,5.4,43900,1.3,50000,0.4

The time table shows that the fan in airway 1 will stop and reverse (same fan starts at airway 10) in
10 minutes:

4,3,74,200,50,5000
10,1,1,10.0
10,2,10,3,30000,2.75,31800,1.25,32500,.5

The output of the dynamic part is following:

sk 3 s e ke 2 3 dfe e e e e S e e e s S sk e sk sk b sheshe e e s s sfe ol e s 3 e e e e 3 3 ok e ke ke e 3k S e e e e e S ke e s sk sk st sk e s sk s sk e e Sk sk sk s sk s s e sk ok sk ke e sk ke
3 3 3 e s s e e e e s she s s e sfe e e S 3 e s 3 e e s e s e s s she s sfesfe e b e ofe e s s s sfe s s e e e o o e sk sl sl e s ke sk sk sk ke e e sk sk sk ke sk e e
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TIME AT 720. SEC. AFTER EVENT

TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS
AIRWAY FROM TO DELTAQ AIRFLOW AVE.T T AT END FUMES CH4 HEADLOSS

21 3 -2783. 29059. 57.60 57.59 0.0000 0.00 0.837
23 5-12575. 22965. 57.66 57.65 0.0000 0.00 2.762
26 9 26254. 78704. 57.07 57.06 0.0000 0.00 1.006
27 13 171372. 204890. 59.25 59.23 0.0000 0.00 0.200
28 14 -596. 24947. 57.57 57.56 0.0000 0.00 4.018
33 20-31014. 21947. 57.79 57.78 0.0000 0.00 6.025
30 17 57808. 89385. 57.66 57.65 0.0000 0.00 0.502
31 18 -6620. 42334. 57.77 57.76 0.0000 0.00 0.803
21 1 68188. 38326. 56.40 55.00 0.0000 0.00 1.142
3 21 65405. 67385. 5747 57.36 0.0000 0.00 0.502

S0 h W -

s e s e e 3k s sk e she e e e o sfe s e sl e sfesfe she e sk e she e s ke sk sk s sie she e o sk e she o sk ke s s s e o ol s e she ook sk e Sk o s e sl sl ke sl sl e ke sk e ke sk e sk e ek

One will find that the picking up of fan characteristic curve is wrong. Fan 2 in airway 2, because of
NOF(N) equal to NO(N) and N, has the operating point (22965, 2.762) from above output results. The
operating point is, however, the left boundary of the characteristic of fan 1 in data file vibbase2.mfi. Fan
3 get the operating point (78704, 1.006) from above output results. The operating point is at the right
boundary of characteristic of fan 2 in the data file vibbase2.mfi. For same reason, the fan n gets the fan
characteristic of fan (n-1). It is worth to notice that the pressure drafts (2.762 or 1.006) have a little
difference from the corresponding pressure drafts of boundary region of fan characteristics 1 and 2(2.75
or 1.000) because of the density difference.

Same mistake is discovered in the calculation of data file brushyl.mfi: There are five fans in the
ventilation system:

;§000,8.35 ,74000,4.06,81100,.9
?:’23000,6.0,33 100,1.17,35300,.3
::3000.8.1,16600,1.2'?,17000..10
‘1‘:130000,5 .90,275000,1.30,292000,0.20
2:53000,9.25 ,96700,2.20,100000,.5

The computing resuits by former program MFIRE (v1.29) are as follows:

sk 3 sfe e e 3k s sfe ofe ke S 3k S ofe e s s s s e e s she she s e s e s sfe e s s e sk s sfe e e o S s sfeafe s s sfe e e sfe e s s s e e s o s s sk e e s sfe e e e ofe e e e s s sk ok ok ke sk sfe ke
s 3 3 s s s sfe e e e 3 S S s s s e s e s s s she s sk sfe e s e e e s s sfeshesfe sl sfe e s s s sk st she s s s sfe e s e ke e Sk s s s e e e e o s sk s s sk ke sk sk skesfeoke sk ke s sk sk ke sleoskok
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TIME AT 720. SEC. AFTER EVENT

TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS
AIRWAY FROM TO DELTA Q AIRFLOW AVE.T TAT END FUMES CH4 HEADLOSS

29 28 -3756. 71103. 54.32 54.33 0.0000 0.00 5.126
27 26 -5015. 28840. 55.05 55.07 0.0000 0.00 2.631
21 22 6842. 23523. 5948 59.47 0.0000 0.00 0.100
6 8 41306. 28185. 64.01 64.01 0.0000 0.00 2.167
31 17 -20383. 126629. 5441 5441 0.0000 0.00 6.174

e s se s s s b e e e e sk s s ke se s sk sk sk s e s o s s s sl e e s sk s se s sk e e s s sk o s sk o e s s s s sk s o s sk ok sk ke e o sk sk o o sk sk ok ke ok

Looking on above results, the operating point in airway 5 is with q=126629 CFM and h=6.174 INCH.
W.G.. Checking the data points of the fan characteristic in data set brushyl.mfi, one will find that it is
not in the 5th fan characteristic but in the 4th fan characteristic curve. This mistake will spread to
following time interval until reach 3600. S. The operating points are always in the outside region of fan
curve,

4.3.3 The analysis and modification

Subroutine CDCH is applied to handling the time table in input data set for system condition
changes. If flag ICODE equal to 1, it means that there are a fan stopping operation and the corresponding
airway changing to an ordinary airway. For the time table in brushyl.mfi, the fan in airway 4 will be
stopped and airway 4 is changed to be an ordinary airway in eight minutes after mine fire occurs. In the
former program MFIRE (v1.29), the subroutine CDCH makes the number of fan in operation reduced by
1 (5-1=4). The related arrays, such as NOF(4) -- airway number installed fan, MPTS(4) -- number of data
points defining fan characteristic, and NSKP(4) -- marker indicating performance of spline method, are
replaced by the former values of NOF(5), MPTS(5), and NSKP(5). The array NOF(5), MPTS(5), and
NSKP(5) are sent to zero to end the input of system condition change. The former program MFIRE
(v1.29) has not made the corresponding changes for input data points of fan characteristic (PF, QF) and
the coefficients of fan equation array FKQ. That is why the wrong data points of fan characteristic are
picked up to fit a wrong fan curve, and then induce the computing divergence in above cases.

The modification for this problem in subroutine CDCH is shown and marked as follows:

IF (NFNUM.GT.0) THEN
DO 8 J=1,NFNUM

IF (NOF (J).EQ.NBR) THEN

IF (NFNUM.GT.J) THEN

DO 14 K=J,NFNUM-1

NOF (K) =NOF (K+1)
MPTS (K) =MPTS (K+1)
NSKP (K) =NSKP (K+1)

CCCCCCCCCCCCLeeeeeeceeecceeccceerecceecceececcecceeecceeeceeecc
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DO 7 KK=1,IMX :
QF (K,KK) =QF (K+1,KK)
PF (K, KK) =PF (K+1,KK)
7 CONTINUE
IF (NSWT(K).EQ.2) THEN
MF=MPTS (K+1)
DO 12 II=1,MF-1
FKQ(K,II,1l)=FKQ(K+1,II,1)
FKQ(K,II,2)=FKQ(K+1,II,2)
FKQ(K,II,3)=FKQ(K+1,II,3)
FKQ(K,II,4)=FKQ(K+1,II, 4)
12 CONTINUE
ELSEIF (NSWT(K).EQ.1) THEN
NCOF (K) =NCOF (K+1)
N1A=NCOF (K)
DO 13 II=1,N1A
COF (K,II)=COF(K+1,II)

13 CONTINUE
ENDIF
14 CONTINUE
ENDIF
INIFAN=1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCececceceececeecceeeceeeeccececece
NOF (NFNUM) =0
MPTS (NFNUM) =0
NSKP (NFNUM) =0
NFNUM=NFNUM-1
GO TO 9
ENDIF
CONTINUE
ENDIF

4.3.4 The computing results of the modified program MFIRE V1.30

The computing convergence of modified program is shown as follows:

steady dynamic state simulation quasi-
state equilibri
720.8 840.S 0608 || e 1800.S ARt
errorCFM <10 <10 <10 30 ) s <10 <10
case F outside of
operating no no no o | s no no
range ?

The mistake at the picking up of fan data points have been corrected as follows:

TIME AT 720. SEC. AFTER EVENT
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TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS

AIRWAY FROM TO DELTA Q AIRFLOW AVE.T T AT END FUMES CH4 HEADLOSS

1 21 3 0. 22517. 57.60 57.59 0.0000 0.00 0.502
2 235 0. 35672. 57.66 57.650.0000 0.00 2.433
3 269 0. 52627. 57.07 57.06 0.0000 0.00 0.389
4 27 13 0. 33684. 59.25 59.23 0.0000 0.00 0414
5 28 14 0. 25655. 57.57 57.56 0.0000 0.00 2.101
6 33 20 0. 53188. 57.79 57.78 0.0000 0.00 1.077
7 30 17 0. 32004. 57.66 57.65 0.0000 0.00 0.871
8 31 18 0. 49145. 57.77 57.76 0.0000 0.00 1.111
9 21 1 0. 30350. 5640 55.000.0000 0.00 0.716
10 3 21 0. 52867. 5747 57.36 0.0000 0.00 0.502
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Comparing above two computing results (former and modified results at 720 seconds after event
of mine fire), one can find the former computing distributions of pressure drafts and airflow rates are
wrong. The operating points being at the boundary region of fan curve is caused by the eror in the former
program but not a unsuitable fan installed to the ventilation system.

The modified program MFIRE gives correct computing results for the data file brushyl.mfi too. The
fan in airway 5 picks up the correct fan characteristic and the operating point is in the operating region
of fan characteristic.
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TIME AT 720. SEC. AFTER EVENT

TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS

ATIRWAY FROM TO DELTAQ AIRFLOW AVE. T T AT END FUMES CH4 HEADLOSS

1 29 28 =3925. 71375. .54.32 54.33 0.0000 0.00 5.039
2 27 26 =h232. 29209. 55.05 55.07 0.0000 0.00 2519
3 21 22 6206. 22797. 659.48 59.47 0.0000 0.00 0.100
4 6 8 43080. 27049. 64.01 64.01 0.0000 0.00 1.996
5 31 17 -4145. 92943, 54.41 54.41 0.0000 0.00 3.904
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5. The Investigation, Analysis of the Other Problems in State Simulation
And Source Code Modification

Besides of inducing divergence problem and offer wrong results, program error can cause the problems
on the distribution of airflow rate, temperature, and contaminant. The influence will be investigated at
quasi-equilibrium or dynamic state parts respectively. The reasons of programming error, source code
modification and the computing results of the modified program are shown as follows:

5.1. The wrong distribution of airflow rates, temperature, and contaminant in quasi-equilibrium state part
when airflow reversal is happening:

As shown in table 1 (cote93.mfi cases A*** and B***), Program MFIRE give following output
results for quasi-equilibrium state simulation:
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OUTPUT OF THE QUASI-EQUILIBRIUM SIMULATION PART

TIME AT 5.0 HOUR(S) AFTER EVENT

TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS
AIRWAY FROM TO AIRFLOW AVE.T T AT END FUMES METHANE HEADLOSS

3 101 19 112738. 86.57 86.57 0.48268 0.00 0.0000
4 2 3 1888. 90.14 90.27 0.00000 0.00 0.0001
5 3 102 114626. 90.12 89.98 0.00000 0.00 1.3386
6 4 3 112738. 93.10 95.67 0.00000 0.00 1.0673
7 20 4 42453, 9571 9575 0.00000 0.00 0.0865
20 14 20 42453. 96.07 96.39 0.00000 0.00 0.0035
21 21 14 33734, 9633 96.28 0.00000 0.00 0.0104
23 210 21 33734. 10129 101.29 1.67404 0.00 0.0000
24 15 210 33734. 99.78 9846 1.67404 0.00 0.0245
26 15 12 16115. 93.75 93.68 0.00000 0.00 0.0012
29 22 15 24257. 95.64 9498 0093964 0.00 0.0033
30 16 15 34311. 9572 95.10 093964 0.00 0.0003
31 17 16 34862. 94.75 9445 092673 0.00 0.0013
32 22 17 37738. 9319 93.13 0.35814 0.00 0.0016
33 18 17 28190. 93.11 93.03 0.35814 0.00 0.0080
34 18 17 22554. 93.08 93.01 0.35814 0.00 0.0080
35 18 22 61995. 93.65 9348 058460 0.00 0.0064
36 19 18 112738. 89.65 86.56 048268 0.00 0.2660
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PARAMETERS OF AIR IN JUNCTIONS
JUNCTION TEMP. FUMES METHANE JUNCTION TEMP.FUMES METHANE

1 90.00 0.00000 0.00 2 90.00 0.00000 0.00
3 9027  0.00000 0.00 4 95.67 0.00000 0.00
13 96.08  0.00000 0.00 14 96.39 0.00000 0.00
15 9644 093964 0.00 16 95.09 0.92673 0.00
17 9326  0.35814 0.00 18 93.27 0.48268 0.00
19 86.57 0.48268 0.00 20 95.75 0.00000 0.00
21 96.28 0.00000 0.00 22 93.85 0.58460 0.00
101 89.00  0.00000 0.00 102  90.00 0.00000 0.00

210 101.29 1.67404  0.00

IN THE FOLLOWING AIRWAYS EXIST CRITICAL CONDITIONS

AIRWAY FROM TO CH4 % FUMES % TEMPERATURE HEADLOSS
>1.000 >005000 >100.F <
001000 INWG. 3 101 19 0.00 0.48268 86.6 0.00000
4 2 3 0.00 0.00000 90.3 0.00012
9 6 5 0.0 0.00000 93.7 0.00931

12 7 6 000  0.00000 93.2 0.00279
13 16 6 000  0.00000 943 0.00646
14 12 10 000  0.00000 94.0 0.00217
15 g 7 000  0.00000 93.2 0.00031
16 9 8 000 0.00000 92.7 0.00031
17 11 8 0.00  0.00000 92.6 0.00155
18 11 9 000  0.00000 93.0 0.00124
19 12 11 0.00 0.00000 92.1 0.00031
20 14 20 000 0.00000 96.4 0.00347
23 210 21 0.00 1.67404 101.3 0.00000

24 15 210 0.00 1.67404 98.5 0.02453
26 15 12 0.00 0.00000 93.7 0.00117
27 17 12 0.00  0.00000 924 0.00283
28 17 12 0.00  0.00000 92.7 0.00283
29 22 15 0.00 093964 95.0 0.00326

30 16 15 0.00 0.93964 95.1 0.00033
31 17 16 0.00  0.92673 %944 0.00133
32 22 17 0.00 0.35814 93.1 0.00160
33 18 17 0.00 0.35814 93.0 0.00804
34 18 17 0.00 0.35814 93.0 0.00804
35 18 22 000  0.58460 93.5 0.00644
36 19 18 0.00  0.48268 86.6 0.26605

37 102 1 000 0.00000 90.0 0.00000
38 1 101 0.00 0.00000 %0.0 0.00000

IN THE FOLLOWING JUNCTIONS EXIST CRITICAL CONDITION
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JUNCTION CH4 % FUMES % TEMP.F  JUNCTION CH4 % FUMES % TEMP. F
00 > 0.050 > 100. >1.00 >0.050 > 100.

15 0.00 093964 96.4 16 000 092673 95.1
17 0.00 0.35814 933 18 0.00 0.48268 93.3
19 0.00 048268 86.6 22 0.00 0.58460 93.9
210 0.00 1.67404 101.3
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From above output, one can see the fume and temperature distribution in airways and junctions are
totally wrong: the airflow reversal has happened five hours ago and the airflow direction is from junction
101 to 19 to 18 to 22 to 15 to 210 to 21 to 14 to 4 to 3 to 102 in Fig.4. The distribution of airflow rates,
temperature and fume concentration in airways and junctions, however, is same as the case of the reversal
having not happened. The airways and junctions in the upstream area ( airway 3, airways 29 - 36 ) of fire
sources (airway 21) contains hot fume, but the airways and junction at the downstream area do not contain
any fume.

The reason is that if the quasi-equilibrium state needs once only at the outer-level iteration, for natural
ventilation calculation, to achieve the convergence (( SUMFNV / MNO) .LE.2. E4), the statement, IF
(Q) .LT. 0.0) GO TO 40, in quasi-equilibrium part will make the calculation jump over the correction
of data. When the airflow reversal happens in an airway, the parameters, such as starting and ending
junctions of that airway cannot be changed and cause the wrong computing results. After the distribution
of airflow rates, temperature, and contaminant have been calculated, they will not be calculated repeatedly
as the calculation for each time interval in dynamic state simulation part. The computing error will be
kept in the final output of quasi-equilibrium state part. Any data sets will cause the similar problem during
airflow reversal if only one iteration is needed for natural ventilation pressure calculation. The statement
(IF(MADJC.EQ.1) GO TO 124) means that if the counter of iteration time (MADIC) is equal to 1, then
the computing should be forced back to the subroutine FWCT for data rearrangement of the airways in
which airflow reversals are happening.

The corresponding modified part of source code is shown as follows:

TRANSIENT-STATE SIMULATION PROGRAM FOR MINE VENTILATION
UNDER THE INFLUENCE OF FIRES

C
C
C
e VERSION OF MAY 1992 V 1.29
¢ (PART 1)

C
(gL L LLL L L LKL L L LKL L L LKL LKL LL L L L LL LKL LLLLLLLLLLLLL
¥ % K &k ok Kk k k Kk Kk *k *k *x k¥ xk
IF (MADJC.LT.MADJ) THEN

MADJC=MADIJC+1

ITCT=0

CALL ITR (MARKX,NSFLOW,1,MADIC,ITCT)

WRITE (6,870) MADJC,SUMFNV/MNO

IF (MADJC.EQ.1) GO TO 124

IF (SUMFNV/MNO).LE.2.E-4) GO TO 130
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124 IF (MADJC.GE.(MADJ-9)) THEN
J=MADJC-MADJ+10
HRM(J)=SUMFNV/MNO
DO 125 I=1,NB

QRCD(1,J)=ABS(Q(D)
IF (JSB(I).NE.JABS(JS(I)).AND.Q(1).GT.0.0)
QRCD(1,7)=-ABS(Q(D)
IF (JSB(D).EQ.JABS(JS(I)).AND.Q(I).LT.0.0)
QRCD(L,J)=-ABS(Q())
TMRCD(LJ)=TMRD(I)
125 CONTINUE
ENDIF
ITCT=0
DO 127 I=1,NB
IF (Q(1).LT.0.0) GO TO 40
127  CONTINUE
NSFLOW=1
GO TO 70
ENDIF
130 CALL FWCT (NSFLOW,0)
IF (MARKY LE.0) WRITE (8,620)

* % k% % % K Kk x % k x * *k ok

The modified program give correct fume and temperature distribution as follows:

TIME AT 5.0 HOUR(S) AFTER EVENT

THRESHOLD IN ACCURACY (SUM OF NVP CORRECTIONS PER MESH < 2.E4 IN.W.G.)
SATISFIED. CURRENT SUMFNV PER MESH 0.000000 IN.W.G., ITERATIONS 2

TEMP. AND CONCENTRA. AT AIRWAY ENDS, HEADLOSS IN AIRWAYS

AIRWAY FROM TO AIRFLOW AVE.T T AT END FUMES METHANE HEADLOSS

33

1 1 2 3415 90.00 90.00 0.00000 0.00
2 10 7 36904. 9144 9146 0.00000 0.00
3 101 19 82782. 89.00 89.00 0.00000 0.00
4 2 3 3415, 9012 90.24 0.00000 0.00
5 3102 86197. 8896 88.83 1.04496 0.00
6 4 3 82782. 91.88 89.04 1.08557 0.00
7 20 4 41134, 98.69 9853 243953 0.00
8 5 4 41649. 9254 92.68 0.00000 0.00

4.3782
0.0000
0.0000
0.0004
4.2500
0.5689
0.0821
0.0336



9 6 5 30032. 9239 92.67 0.00000 0.00 0.0025
10 8 5 4988 91.67 91.72 0.00000 0.00 0.0116
11 7 5 6630. 91.38 9129 0.00000 0