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ABSTRACT

tilation control is one of the

!

mums Smpertznt techniques to suppress the

(s ion within a limited area, to have

wmmsgs time of emergencies (ignitions, fires and
gy mu! for underground workers.

“= purpose of this paper is to introduce
Ye =_melzansous controlling of mine ventilation

=icro computer connected to various

Iz this study, basic of mine ventilation
theory are used for making computer

when the characteristic curves of fans

oerature distribution in an underground
network are given.

Z=sults considered in this paper are as

1) Relation between quantity of air leak-
zp= Into the gob and resistance change of each
rmadw=y branch,

2) On the ventilation quantity in relation
=z coonected branches,

3) Relation between temperature change at

< roadway network, and

%) Simulation of depression and air quan-

in a network at the cases of emergencies.
INTRODUCTION

Rationalization of the underground road-

wET

network in coal mines is very important

seczuse it contributes for not only in the

fessor, Faculty of Mining Engineering
Sckkaido University, Sapporo, Japan.

Professor, Faculty of Mining Engineering

Zokkaido University, Sapporo, Japan.

economical viewpoints but zlsoc =zt the
of mining safety.
When some kinds of emergencies

line control of mine ventilation is

most available techniques for suppressing dis-
astrous region in limited area and let the miners
have enough time to escape from the dangerous
district. TFor this purpose, software for
analyzing mine ventilation using micro computer,
which will probably be installed i the near
future at almost all coal mines, has been
developed.

In this paper, theories concerning to mine
ventilation analysis and their simulation results
are described.

GRAPH THEORY

For solving the problems about underground

roadway network, graph theory is useful because
wnd roadway networks will be able to be
the sets of points and lines as

usually considered. In graph
2 branch and both

are called nodes.

by any one

ne branch cannot

can b

network
number of branches and nodes, and at least,
any pair of distinct nodes in the set

will be connected by one chain containing
a train or points and branches. So one

can consider an underground roadway network
a finite connected graph.

Various node and branch connection fea-
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tures are given by the coefficient of incident
(D;). When a branch (k) is incident to a node
(a), the node (a) is called incident to a

branch (k).
terminal node of the branch (k).

In such a case the node (a) is a
Coefficent of
incident DE of the node (a) is given by the
equation (1);
1: When a branch (k) is
incident to a node (a)
D; = 2: When a closed branch (k)
is incident to a node (a)
0: When a branch (k) is not
incident to a node (a)
ceen (1)
Closed branch is a branch that both nodes are

d each other.

A k&~
a)—=e -
= = &A=
& =
SN A58 7
> = O

The degree (®&) of a node (a) is the
number of branches which are incident to the

node (a), and it is given by the equation (2).
P8 == o e (o)

Where %; means summation for all the branches

in a graph.

UNDERGROUND MINE VENTILATION

THEORY
The basic laws most commonly used for an-—

alyzing underground mine ventilation problems
are the Ohm's law and two Kirchoff's laws.
3 - 1. Basic law used for analyzing ven-
tilation network
Denoting Q, and Ry the air quantity flow-
ing into the branch k and the resistance of the
same branch having nodes (a), (b) on both ends

respectivly, and Hay and Hp are depressions at
the node (a) and (b) respectivly, the Ohm's law
of ventilation is shown by equation (3);

P
Hy - Hy = d4,,R,Q S e (EY)
where dap = 1 : when Hy 2 Hy
dap = -1 : when Hy < H,

P, in the equation (3), is power of Q and its
value is commonly considered from 1.9 to 2.1.
The 1lst Kirchoff's law, which provides
the algebraic sum of the air quantities which
are flowing into and/or out each node is zero,

is given by equation (4);

o)
I
o

=i %ap, O ]

the node (a), kg is the

to the node (a), and
node of -th branch k.
law, which provides
of the pressure drops
connecting a number of
b i tomatically satisfied if
depression t each node on the chain.

In this study, depressions at all the
nodes are defined by repeated calculation under
given depressions at boundary nodes, such as
intake and outlet nodes, etc.

Calculation by computer will be executed
as follows.

1) At first, being assumed O the values
of the depressions at all nodes, except boundary
ones, and the depressions at boundary ones are
assigned given values as boundary conditions.

2) If the node (a) is incident to a branch
k whose other side node is (b), the depression
Ha could be expressed by Hp, , R.\,,‘ and Q“‘- And
given that §a is a degree of the node (a) and
Hb| is the largest value of depression in H”l’
the depression H, could be derived from the

equation (3).
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M, =B, +dp Ry, O (5-1
. = e 3
=B, T, R, G, ceer (5-2)
= = 3 P
iy, + a“"xRM’xdeg coes (50

* dabg Rap gy eee (5730

I Sext equation (6) will be derived from
# (5-1) - eq.(5-0) , where 2 = ) = §3

B ; g
& ~ By +dap Ry - Qap ~ dab; Bap, Q7 ©
e )

ing equation (6) with respect to air

=¥ 2,., following expression is obtained.

B P
%, - {, -y + day: Rap- Q)
/€ d“’x’ R'ib, ) }'/? R )

<) Substituting equation (7) in equ:

xt equation containing only one unknown

Qaq , will be derived.

2 4
Zan, %, + X dan, { (Hy, - Hy + dap,Rap Qap, )
! (o, Ray O}
=0 cvees (8)

Cenerally speaking, equation (8) will
z-#= 2 multivalued function of Q,),. But among
1

roots only one can be considered to sat-

the range given by equation (9).
e
s Qa>,§ {(H,,' = Hpo ) i Rnb’}.... 9)

VEere wa‘ is the minimum value among Hbl S

5) Q‘W is able to be estimated by the

interval iteration method, providing as

Zower and upper limit of the values 0 and

estimated ne

ed as new initial

This procedure is

Those iteration would

the difference between estimated &
initial one becomes to the tolerance li=mit iz
relation to all the nodes.

7) After the values of depression at all
nodes were converged, air quantity on each
branch could be calculated from equation (7).

A flow chart for deciding depression at

all nodes is illustrated in Fig. 2.

READ DATA
N, sa(i), A1)
€y, Caydy by,
RO, P

0
w

3=23 i n of operating point of

in article 3-1 for deter-
mination of depression at all nodes will be
applied to calculate the depressions when intake
and outlet node's ones are fixed.

In the mine, main fans are installed at

outlet nodes and local fans are placed at the
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nodes in underground branches generally, and of Fig. 4 shows a typical example.
course those fans work along the characteristic

curves as shown in Fig. 3.

H

mmWC

0
L
F-g 3. The characteristic curve of a fan

Operating points of fans are estimated by
using next procedure.

a) Operating points of main fans that are

paralleled in working

lation analysis by

€0ory under two fans

imultaneously
ints of a main fan combin-

= local fan in series

2tion system, one or more

combined with main fan in

very often at various loca-

¥, —I-ZI=R,,“.Q‘= «ee. (10)

: - Then a local fan is set on a branch, a
Where H; is the depression at the intake node. dummy node must be assigned for this system.

2) Operating depression (Fy) of the main The working features of local fans are depend-
fan is decided from a crossing point of both ent on main fans, and pressure gradient of them
characteristic curves of fan (H = i(Q)) and of in a ventilation network must be considered as
underground roadway network (H = RrestP). follows, i.e. before the local fan, pressures
When the characteristic curve of the fan is ex- may be negative and behind it, it showS positive
pressed by quadratic formula, for the conven- values.

ience of calculation, logarithmic coordinate is
available, But if p is not integer above men-
tioned method may be impossible, so the Half-
interval iteration method will be employed.
3) If the difference between calculated H; Fiie+Hie
F, and given F, exceeds a tolerance limit, cal-

culated Fy, takes the place of Fy, newly and the Fig. 5-1. A node which occupies the point

=¢ procedure will be repeated until the dif- in the negative pressure zone of

nce reaches neglegibly small. a local fan
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§he=x 2= node (j) is considered as a2

— o= 1ceczl fan, and the node (j) is in

s dEpmessics zone of the system (Fig.5-1),

e miir gmescity flowing through the branch

& by the following equation.

4
+ Hpe) = 4R Q; =t

% ST

(1)

T4 = E.. is depression at the node (3) (F 2°
mmerzsed depression by local fam at the Irset
and, H,.: depressionborme by m=iz

and Qii are the ventilatiom r=

: flowing air quantity i=n 2 bra=ach (i,
il mespectively, and p is a power of Q;; -

#== = walue shown under.

o

T
1: when H; 2F,p + Hie
-1: when H;<Fup + Hye

Fua+Hie Hy

5-2.

Fiz. 4 node (i) which occupies the
point in the positive pressure

zone of a local fan

2= =he case that node (i) is existed
iimi =he fan, (Fig.5-2), the flowing air
mumme#sy through a branch (i,j) will be obtain-

wi &y The following equation.

S P
B - (B, + Hye) = di3 Ry Qi we 1 CE2)
e
) { 1: when H; = F ,a% Hyc
Ty ‘_\-‘.: when H; < P yaat Hy
i Ty IS geseTared depression by 2 local fam
T e

The welze of E iz eguation (11) a=d

apmerion. [12)is defimed by the following calce—

and Yuusaku TOMINAGA 13a - 5

latiom.

Depressi
fore and behind a local fan is showm iIa Pig.6.
Imagine that air flows out from the node (;‘i)
and gets into the node (j) where a local fam is
locateds and after air passes through the local
fan, it flows to reach the node (jA). Ry and
Qg are resistance and flowing air quantity re-
spectively at the extent (jew,j), and R, and Q
are resistance and air quantity respectively at
the extent (j,jA). Hg and H,are depression at
the node (jg) and (jA) respectively. Thus,
moreover Qg and QA could be derived from equa-
tion (11) and (12).

P

) = Qf = (Fups + Hie - H;) / Re
- @, - Foa - He) /R
a»

is also satisfied.
Solving eguatica (13) with respect td H ¢,

following expressice is cbtained.

“nig ?a.,s)}
- ;‘ >

B =B,

(3, (14)

Py a@d Fi,p iz equations (11) ~
At

The walnes

14) csm de deciged Ty DexT procedure.

Firsr, sssmimg that the initizl depression Fi,s

takes 2 Balf walme of the zaximum one where
cararceriscic ce==xve of a fan shows, and the

Sricisl @egwessice Fy,, of local fan is also

mﬁu-n:m‘ﬁuasmn.mvmm

T Sass. UMM | Bramoh. i
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assumed 0. When operating depression Fy of
main fans was determined, air quantity Q.
passed through the local fan can be calculated
by the method described in article 3-2 a).
Denoting R,; and Ru, are resultant resistances
(Fig.7) of before and behind branch of local
fan respectively, and in addition to it taking
Hen as a debression at the intake node, result-
ant resistances are estimated by following

equations.
P
Rgsy = (Fi,p + Hic = Hep) / Q. e ULS)!

Rigsd) = (= Bga, = Hue) /i 0% ones | (16)

The depression F, of operating point of
local fan is decided from a intersecting point
between characteristic curve of underground

roadways and the resultant characteristic curve
of fans using equations (17) and (18).

H = (R + Ran) Q o @17
H = {(Q) + Fy - Hey )

Where s(Q) is a characteristic curve of a local
fan.

When the difference between initial de-
pression (F, = Fi,g — Fy,4 ) of local fan and
estimated one (F: ) exceed a tolerance limit,

And F(,g and

takes place instead of F,.

ch are derived by following equations,

take place instead of F.,s and Fi,n respectively

in the progressive iteration.
A
F = Hey + Res Q) - By, ve (19)
»
F =F,e - F, sosss 1(20)

Q: is air quantity at the crossing point of
equation(17) and (18).
3 - 3. Determination of direction and
intensity of natural ventilation
Natural ventilation occurs due to the
temperature difference among nodes connected in
the train of closed chain. Natural ventilation

pressures are caused by conversion of heat into

mechanical energy and am

of heat converted

weight of air is

aees (21)

sure head, specific
ire respectively.

ested that to deter-
1 pressure, follow-

ed, i.e.

sses  ((22)

where hy, T,, T and z are pressure head, abso-
lute average temperature in the closed circuit,
absolute temperature of each point in the cir-
cuit and elevation, respectively.

As a matter of convenience, assuming that
there governs a linear temperature change bet-
ween nodes, temperature of a branch concerned

is indicated by equation (23).
T, = Az, + By S 28)
where, Ty (°K) and z(m) are absolute temperature

and elevation of a branch { , respectively, and

A, and By are constants for branch .
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, natural ventilation pressure

me=f = Is approximately calculated by equatiom

1 & =
:‘=T"‘!§=:I(A'zl + By) sden i

» is the total branch number i

Taking up that node (i) and (3)

ent to a branch §, and Ty, ané zgs

ation at node (j), thus comst

in the equation (24),

Ay =gt Tegges

- Zps; T 20 ey o

B, = —LesiZesy = TasjZgsi s 2%
. Zgias T Sl

Substituting equations (25)

z=zuation (24), equation (27) is derived.

1 n
,.—EE(TI,‘zl,j = Tyo; Zainy) .. (2

Average absolute temperature T, will Se

czlculated as follows.

N
__-—Zn—g_'(r,.,. Ty i uZ8)
From equation (28) and (27), h, could be
~>tained by equation (29).
=
R o v T o I e U R )
hy = L3 205 23] &g s (29)

(Tepi + Tys;)

Denoting D, as a mean density of consid-
sred circuit, natural ventilation pressure H
=W.C.) is estimated as follows,
n

_ _Den & (T =

Zgsg )
g v T

and Yuusaku TOMINAGA

If there exist two or more closed circuit
in a ventilation network, each natural ventila-
tion pressure of each independent circuit must
be considered to be taken up. In order to dis-
tinguish the independent closed circuit, all the
branches in the network should be classified into
tree branch and chord branch. And an independ-

ent closed circuit will be made by linking tree

o

ranches with one chord branch.
Consider that nodes (i) and (j) are termi-

=21 nodes of a chord branch. H; and H; indi-

i
cate depressions at the node (i) and (j) respec-

Ry and Q‘j show resistance and flowing

guantity in the chord branch respectively.

if natural ventilation pressure of a closed

containing a chord branch (i,j) is shown

next relation could be satisfied.

2ij >
L

P
= dg R Q- Swsyy Husyy -+ (31

the air flows from
(i) to node (j).

the air flows from

1: When
node

- -1: When

2o0de (j) to node (i).

the method

(a), could

a node (a) is inci-

whose other side node (b)

ied depression H;

g depression Ha at the

(32)
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1: When a closed circuit chains EXAMPLES OF THE DEMONSTRATING
are linking in the direction APPLICATIONS
Snsab = from the node (b) to (a). 4 - 1. Arrow diagram
-1: In the reverse direction As an example, an underground coal mine
above described. roadway network in Japan is shown in Fig. 8.
This network has 73 nodes, 121 branches, 3 main
Hysap is natural ventilation pressure of closed fans and 4 intake nodes. The numbers along the
circuit containing chord branch (a,b). branches in the network are specific ventilation
3 - 4. Determination of ventilation resistances (#) of them and the numbers de-
quantity of regulating section scribed in the parentheses show air quantities
resistance (ms/sec) in them.
Regulators are usually installed in an Node number has no meaning itself, but,
underground roadways network for making air when depressions of all the nodes in a network
quantity distribution in good conditions. are already decided, node numbers should be

In this chapter, deciding procedure of

o the values of depression

; the direction of

node re-numbering

nodes in Fig. 8 were

tart

'
node number N
t modes H(I), I =1 to N
I : j
|
- 4)
E ¥ '

mead data,

| pepressica

i LV : Ry Arrange the nodes according to the values of depression
5.0 B - D 5
0 9 0 2 B
¢ & Y 1 4 ber, P(1), to a node T in tum |
% jer number o
= D [;;s gn an order 3 5
& = D
& 0, B DO, D &
Syl
D £ D\ D Write P(I), I =1 to N
i

gy &

o
Fig. 9. A flow chart for numbering
Fig. 8. An example of air ventilation network followed by the order of
of coal mine in Japan depression (arrow diagram)
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Sy = legiiage sir guemsicr om

e comdiiciee of I - 2.7)

T3 ... 3D

fective fac
27, node 32) is

The latter means i

tity in leakage branch, &=
change of branch (27, 32)

Rarsz £0 2R2153 .

g S0 %= ex=uple of arrow diagram Here, effective factors are

estimated in the case that only ocne

Wy 0. ssowes lezkage air between node

branch changed in its resistance.
. T2 s) i ity.
1 b 4e) gty If resistances of branches change

simultaneously, effect of leakage
air quantity will be increased.

4 - 3. On the ventilation
quantity in relation
to connected branches

In article 4-2, effective

factor of a branch X was defined.
By using same procedure, effective
factor Az.m,n, of a branch m to
other branch n can be estimated.
The bramch baving the largest value

of effective fa

{node 19, node 21) influenced by each

Zranch ventilation resistance increasing

Mg 11 shows effect of branch resistance

iwmuee: wx The zir quantity. Numbers along g. 14, for posi-

Ummmnuiuess i= e figure are branch numbers. actor, show the

Al mumipes== Iz parentheses are effective factors most effective branch of each
Mg ()l == =fir quantities that are changed due branch in petwork given in Fig. 10
\omy, (e mesEst=mce R, in its branch doubled. respectively.

Thme Aos MM lllawarra Branch, Ignitions, Explosions and Fires in Coal Mines Symposium, May 1981
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I%

Luu data, total node nusber ¥,, £otal branch number H,, —|
»

characteristic curves of fans and, Resistance R(I), I =1 to

Calculate air quantities, QI(I), I = 1 to N, |

FEERSY

RQ) = 2 x R(D

X

AN - (GAD - WM, T 1=

Cicee Tl mmm v Wi W e e SO e S
2D e s ma— ey ————

0l WD e ama i el EE ST

B p—
St
— = ea
i~
=
v
e
Fig. 12. A flow chart to search the'E
bramch wiich will have the
s factor
Numbers along the in Fig. 13 and Fig.

14 are branch-nu=m wmbers in parentheses

in both figures are s of the most effec—
tive branches of the &

d

Considering compl t=d underground road-

way network and characteristic curves of fan,

increasing of ventilation resistance of a branch
does not always yield decreasing of air quantity
of the network. For this purpose, effective

factor (Ag,my) of the branch = itself would be

The Aus. I.M.M. lllawarra Branch, Ignitions, Explosions and Fires in Coal Mines Symposium, May 1981
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luenced branch number (m)

the resistance of a branch i
makes doubled. In the case, air

quantity in the branch (m) is i
decreased

Fig. 14. Most influenced branch number (m)

when the resistance of a branch §
makes doubled. In the case air quan-

tity in the branch (m) is increased

estimated (Fig. 15). Numbers along branches
and numbers in parentheses in the fig.l5 are

.
branch-numbers and effective factors (Ap,mem®
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ey, mselT. From Fig. 15,
M e il e ==Fective factors
N 0, e gemer21ly negative,
iz suwmezmall Tr=mches, such as

55) and

56) exhibit

Mt (fomertom of air in branch
. e mewessed by increasing
il ounilluee @F wemcil=tion resistance
e, Y, fmcressing of venti-
it mmtissrame= of branch 85 will
e oo Smrmesse flowing air quan-
ity . e 85 .

W = 4. ®=lsztion between temperature
chamgze on the surface and
seoperties (which are depres-—
siz= gistribution and air
pummrity) of branches

Mmmpeemmeere Sistribution in underground
iy memsesx <=z be considered to be exist-
Uy Y wememsw state except some parts which
i megiieering to intake nodes.

& s mw=ilsble for health safety to know
| e cmpe=ztere change at surface influ-
Ssn i gesscity distribution in a network
ol il cmmESizion of air does happen in the
s i Bemsikize down state of main or local

i,

Ml . Demperscare (°C) and elevation (m)

ar esch Dode

13a - 11

Fig. 15 Air quantity change ratio when

a resistance of a branch is doubled

Simple example of temperature and depth dis-
tribution is illustrated in Fig. 16. Tempe-
ratures at intake and outlet nodes in summer as
well as in winter are shown by numbers in
parentheses and brackets in theFig.16  respec-
tively.

Natural ventilation pressures acting on
chord branches (refer to Fig. 17) in a network
shown in Fig. 16 are estimated in Fig. 18.

Fig. 17. An example of tree branches
and chord branches

e e, L ME M Branch,

and Fires in Coal Mines Symposium, May 1981
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Fig. 19 shows ventilation resistance of
each branch, characteristic curves of fan in-
stalled at node 1 and 8, and given air quantity
of the branch where the regulator is constructed.

In Fig. 20, air quantity destribution in

the network is shown when no natural ventilation

ssure is created. Air quantity dis-

ons of a network in summer as well as in

are shown in Fig. 21 and 22 respectively.

recognized that natural ventilation pres-

Fig. 18-1. Natural ventilatico winter are higher than those during

in summer 7 ==

|

—
3

Fig. 20. Air quantity (m3/s) distribution

without natural ventilation

Frneritf
150 =
100 oot
50 B
L L
0 1020304 © WD
T
Main Fan Locst Fae

Fig. 21. Air quantity (m3/s) distribution

in summer
Fig. 19. Resistance (#) on each branch,

fan characteristic curve and air

quantity given by a regulator
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b) Simmlation for fires
Coal face iz 2z metwnrck shoum 3z Pig. 17 is
a branch (node 8, mode ¥). Iz is sscwmesd char

when the fires happen iz coal face Sre=mch, remperature

will reach 100 (°C), ané gas emission pemervated

by fires will be estimated at 16 (=27 /s). Baz im

this case heat transfer between rock =mé =ir oT
other complicated circumstances yislded v o=
fire should be disregarded.

W B emilscios of depression and air Simulation result is shown in Fig.24.

LT e R (ns/s) distribution

i wiizcer

guewsicy im = network at the cases

nf emerpencies

) Etemilmriior for ignitions
ey 7remes Iz 2 network shown in Fig.

T, = -5

e o . (mode 5, Sode 6). It is assumed Hp=46.7=W

o, ey, Lggetcoms happen in the leakage
M, wwume =t node 6 will ascend to
) wmi g== =xzlosion or other conditions
e sl e @e=mer=ced by ignitions should be
Wl S Sime I

icity.

at coal £

branch (zode 8, mode 9)

Chapter 5 CONCLISION

The purpose of this stwdy is on-line under-
ground veantilatice comtrol to keep rational air

quantity distridbution iz 3 network and to dis-

cover the better directioms in the cases of emer-

gencies by using micro computer.

Mgy 25, 4= ex=mple of air quantity (m3/s) In this paper, some fundamental programs
#fistridution in the event of for this purpose zre shown and also several simu-
fgziziom in leakage branch lation results zre demonstrated.
modie 5, mode 6) For the performance of simulation of under-

Thine S LM ML Branch, Ignitii Explosions and Fires in Coal Mines Symposium, May 1981
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ground ventilation network, shown in Fig. 8,
having 73 nodes and 121 branches, consumed time
is about 3 seconds when using Facom 230-60 com-
puter. But, in this calculation only two
branches resistances were changed and all other
depression data gained by previous calculation
were used as initial conditions.

Tt is difficult to estimate the calculat-
ing time of micro computer, but simulation by
micro computer for the same network shown in
Fig. 8 could be achieved within 5 minutes using
depression data estimated previously. From this
viewpoint, it can be considered that micro
computer is available for on-line mine vent-

jlation control. Furthermore, air quantity

analysis for more complicated underground roadway

. able to simulate by cof ting

13a - 14

On-line control of mine ventilation will
be done by setting sensors for temperature, air
quantity, pressure, emitted gases and so on at
many important typical positions and by sending
control signals from micro computer to fans and

regulators.
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