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THE INFLUENCE OF ALTERNATIVE CHARACTERISTICS OF THE VICINITY
OF THE VENTILATION DISTRICT ON AIR QUANTITY

Subnetwork with two nodes shared with entire ventilation network can be separated as its part. For
the network under common ventilation conditions, one of these nodes will become the subnetwork starting
node, while the other will be the subnetwork end node. According to the graphs theory, such a piece of the
network can be considered as a subgraph of the graph representing the entire ventilation network. A special
feature of that subgraph is lack of predecessors of the subnetwork starting node and lack of successors of
the subnetwork end node. Ventilation district of a mine may be often treated as a subnetwork. Vicinity is
a part of the network which is not separated as subnetwork. In the case of a ventilation district its vicinity
forces air flow through the district. The alternative characteristic curve of the vicinity can therefore be
compared to the characteristics curve of a fictional fan that forces the airflow in the district.

The alternative characteristics (later in the text: the characteristics) of the vicinity of the ventilation
district in an underground mine strongly influence air quantity and therefore play a crucial role in the
reduction of methane, fire and thermal hazards. The role of these characteristics and proper selection of
their approximating function were presented in the article.

The reduction of resistance of an intake stopping (having influence on entire resistance of a ventilation
district) produces increased airflow in the district. This changes of airflow in the district caused by a varia-
tion in internal resistance (e.g. by opening an internal regulation stopping) depends on the characteristic of
the vicinity of the district. Proper selection of its approximating function is also important for this matter.

The methods of determination of the alternative characteristic curve of the district vicinity are pre-
sented. From these procedures it was possible to obtain the results of air quantities and differences in
isentropic potentials between an inlet and an outlet to/from the ventilation district. Following this, the
characteristics were determined by graphic and analytic methods. It was proved that, in contrast to flat
vicinity characteristics, steep ones have a smaller influence on the airflow modification in the district (which
are caused by a regulation of the district resistance). The characteristic curve of the vicinity determines
the ability to regulate air quantity and velocity in the district.
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1. Introduction

Considering natural hazards, mining ventilation is an important part of their mitigation
(Szlazak & Kubaczka, 2012; Knechtel, 2011; Zhong et al., 2003; Szlazak et al., 2013; Liu et al.,
2017; Yueze et al., 2017). The articles (Szlazak et al., 2018a; 2019) presented the influence of
a ventilation system of the exploitation area on the methane hazard. Deeper and more intense
mining causes higher methane emissions, including possible rock and methane outburst (Wang et
al., 2019) and increased temperatures. These emissions and thermal hazards occur in every mining
region in the world (Yuan et al., 2010; Uszko, 2009; Szlazak, 2018b). They have a significant
impact on mining costs and safety (including required methane drainage, methane detection, air
conditioning, etc.). (Hudecek et al., 2013; Nguyen et al., 2009; Szlazak et al., 2013; Drenda et
al., 2016; Jeswiet & Szekeres, 2016). Therefore, sufficient air quantity in the district is essential
to reduce these kinds of hazard (Kopton & Wierzbinski, 2014; Drenda et al., 2018). According
to Krausego (Krause & Smolinski, 2013) air quantity in a longwall should be considered as
third important factor influencing methane hazard. Therefore knowledge taken from numerical
computing about air quantity and methane amount in excavations is crucial (Yueze et al., 2017;
Tutak & Brodny, 2018; Wang et al., 2016).

Entire ventilation network consists of several ventilation districts. A variation in the aero-
dynamic resistance in a district leads to modification of the resistance in the whole network.
It modifies air quantity (Luo et al., 2014; Kolarczyk, 2008). So, air flows in ventilation networks
may be sensitive to the change in air resistance (Semin & Levin, 2019) However, it is impos-
sible to avoid these changes completely. They are caused by a change in excavation distances,
by placement new machinery, clamping of excavations, rock slides etc. The mining ventilation
system should be resistant to these changes (Luo et al., 2014; McPherson, 1993; Cheng et al.,
2012). However, even a small change in the air resistance of a stopping results in a variation of
airflow rate in the branches (Dziurzynski et al., 2017). In addition, adding a subsurface main fans
station, changes airflow rates in a ventilation network (Szlgzak et al., 2017).

Considering methane emissions and thermal hazards, the high resistance of the system
enables sufficient air quantity to be maintained during excavations (Luo et al., 2014; Drenda et
al., 2016), independently of the changes described.

The characteristics of a vicinity are useful for analysis of the system resistance (Kolarczyk
et al., 2005; Kolarczyk et al., 2006). Knowledge of the characteristics allows us to determine
the variation in air quantity as a result of different variations in ventilation district resistance.
It simplifies computing of the system resistance for a ventilation engineer. The existing software
that is available to engineers requires a lot of measurements and step by step trials to determine
the network solution. The method described is simpler.

2. Background - the ventilation district and its vicinity

To carry out the research following assumptions were adopted:

— the airflow in branches is treated as one-dimensional,

— air density is constant,

— only steady-state of airflow are considered,

— there are no additional sources forcing the airflow through a ventilation network, such
as Natural Ventilating Pressure.
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Each branch in a ventilation network has its starting and ending node (w,, and wy). It is pos-
sible to give two kinds of characteristics for this case:
— for passive branches, (constant air density), (McPherson, 1993):

AW =f(V), AW=R-V? (1)
— for active branches (branches including fan), (Kolarczyk, 2008)
H=7(V) 2
where:
V' — air quantity in a branch with fan,
AW — head loss,
H — fan pressure,
R — aerodynamic resistance in a branch.

It is possible to districtalize the group of linked branches and create an entire ventilation district
(subnetwork) (Fig. 1) where node 1 is an inlet and node 14 is an outlet (Kolarczyk et al., 2005).

2o

Fig. 1. Three-dimensional output schematic of “X” mine. An example of A and B ventilation districts

In this example, there are only passive branches, therefore the entire network is passive
(Madeja-Struminska & Struminski, 2004). Thus, the characteristic of the district can be given
by equation (1). The resistance R depends on the particular resistances of internal branches.

It is possible to form other districts. District A (Fig. 1) is one of the examples. It consists of
the following branches (according to nodes): 3-4, 4-5, 5-6, 6-7,4-7, 7-12. No. 3 is an inlet node.
No. 12 is an outlet node. The rest of the branches create the vicinity of this district. A canonical
diagram (Bystron, 1956) of the X mine and the creation of the district is presented in Fig. 2. The
dotted line in Fig. 2a links nodes 15 and 1. It is defined as “the atmosphere” branch.
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Fig. 2. The canonical diagram (a) and creation of the district and vicinity in a ventilation network (b).

w,

ms» Wis — inlet and outlet nodes of the network; w,

s Wip — inlet and outlet nodes of the district;
Wpo» Wi — inlet and outlet nodes of the vicinity

It must be noticed that after creation of the district (Fig. 2b), nodes 3 and 12 become linking
nodes between the district and the vicinity. Node 3 is the inlet of the district w,,, and the outlet
for vicinity wy,,. Node 12 is the outlet for the district and the inlet for the vicinity. In this case the
district is the air collector and the vicinity forces the air flow. According to this dual action of the
district — vicinity system, it can be compared to the dual action between a fan and a network. Both
the district and the vicinity have one inlet and one outlet node, and so it is possible to determine
the characteristics of the district (equation 3). It is sufficient for the passive element (equation 1).

AW.=f(V) =RV} 3)

It is also possible to determine the characteristics of the vicinity (equation 4), which should
be treated as the element forcing the flow (equation 2).

H.=f(V2) (4)

Applying Kirchoff’s second law (Hartman et al., 1997), it can be stated that in the operating
point of a district — vicinity system, the head loss AW, in the subnetwork equals the alternative
increase of head A, in the vicinity (Fig. 3).

AW. = H. ©)

Given Kirchhoff’s first law (Hartman et al., 1997), there pertains the following rule for link-
ing nodes between the district and the vicinity: air quantity flowing in to the district equals air
quantity flowing out of the vicinity and, analogously, the air quantity flowing out of the district
equals air quantity flowing in to the vicinity.



AW,

www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

51
Weo | Woo
H,
AW,
& AW, (V)
vicinity H (V)
VV)P VV«) \O/

Fig. 3. Alternative characteristics of the section AW,(V,) and of the vicinity H.(V)

The relationships obtained are useful for determination of the vicinity characteristics. These
will be presented in the following districts.

3. Methodology — determination of the characteristics
of the vicinity

Determination of the characteristics of the vicinity given in Fig. 2b is not a problem. Con-
nections in parallel and in series enable the problem to be solved by, for instance, the graphical
method. However, in the cases of real mines there are many cutsets, which don’t permit this
method to be used (Krach, 2014).

The characteristics of the vicinity can be determined by variations in the resistance of
branches and further measurements of air quantity (where possible) (Kolarczyk et al., 2005).
The algorithm is as follows:

a) “In-situ” measurements

1.

2.

Set several changes in resistance by opening and closing of internal stoppings. This
leads to several variants of air distribution inside the district.

Measure the air quantity (V) at the inlet and/or the outlet of the district for each variant
from the first point of the algorithm.

. Determine the isentropic potentials (Bystrofi, 1999) for inlet node w,,, and outlet node

wy, to/from the district.

. Determine the difference in potentials A® between these nodes. This difference equals

the alternative head loss AW, in the district, and thus in its vicinity. It can be described
by equation 6:

AD =AW, =H, (6)

. Having alternative values of , and an alternative head increase H, for several measur-

ing and computing variants, it is possible to determine and to draw the characteristic
of the vicinity (Fig. 3).
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b) Numerical simulations
Analogous operations (1-5) can be undertaken having a mathematical model of a network.
(Kolarczyk et al., 2005). The air distribution is obtained by changing the branch resistance
(in a district) (Gillies et al., 2004) and further numerical simulations.
In practice, both methods (a and b) are commonly used.

4. The analysis of the impact of the alternative characteristic
curve on the district’s ventilation

The role of alternative characteristics of vicinity on air quantity in a district was presented
in three examples.

Assumptions. Numerical simulations were done for steady-states in passive networks (with
constant density), for one directional and turbulent flow and without additional sources forcing
the air through the ventilation network, such as Natural Ventilating Pressure (Kolarczyk, 1993).

According to research undertaken (Kolarczyk et al., 2005), the characteristics of a vicinity
can be approximated by a linear function:

H=a-V,+b @)
or a parabolic function:
H=aV+bV,+c (7a)

where a, b and ¢ depend on the resistance of branches, the structure of vicinity and the curves
of those fans which are in the vicinity of a district. The influence of the @ and b coefficients on
proper air quantity in a mining district will be discussed in the next section.

The first example refers to an approximation by linear and parabolic function when the
characteristics are almost similar (convergent). The second example refers to opposite situation
when the characteristics are not convergent. The third example is about the role of characteristics
inclination on air quantity in a ventilation district.

The examples

Example 1. A longwall “C” in the “S” coal mine has a “U-tube” ventilation system and re-
treating mining system. The characteristic of the vicinity was determined according to the method
presented in the previous chapter (the violet curve in Fig. 4). The equation can be written as (8):

H.=-0.1263- V> —16.436 - V. + 498.7 (8)

The resistance of the district is 1.5495 kg/m’ (simple parallel and in-series connections,
see Fig. 4 — green line). Equations 3, 5 and 8 enabled formulation of a system of equations for
determination of the alternative air quantity V.. This was determined to be 13.03 m*/s (782 m®/
min). The alternative head loss in the district is 263 Pa. The results are similar to the results
based on “in-situ” measurements (a variant without a change in the resistance of the branches
in the mining district). It proves that the characteristic of the vicinity was selected appropriately
(equation 8).
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Approximation for the same vicinity was done with application of the linear function. The
following formulae (9) was determined (blue line in Fig. 4):

H.=-22.561-V,+557 ©9)

For the same alternative resistance R, = 1.5495 kg/m’ air quantity was ¥, = 13.03 m’/s
(782 m*/min) and the increase of alternative head loss H, = 263 Pa. Thus, the results were similar
to those which were achieved with the second degree polynomial approximation.

Next, it was assumed that airflow should be increased (e.g. according to increased methane
emissions).

The first step was to open the district stoppings, and then it led to decrease of district resist-
ance up to 0.47 kg/m’ (Fig. 4 — red curve). As for the effect this achieved:

— for the second degree polynomial approximation — an increase of air quantity V, in the
district (at the inlet) up to 18.25 m*/s (1095 m*/min) and a decrease of alternative head
loss to 156.6 Pa.

— for the linear approximation — an increase of air quantity 17.96 m*/s (1078 m>/min) and
head loss 151.6 Pa.

The results indicate that the two methods of approximation gave a small difference between
the obtained air quantities and head loss (0.29 m*/s and 5 Pa). Looking at Fig. 4 it can be observed
that the district vicinity curves (blue and violet lines) are similar within the area of the diagram,
therefore any viariation of district resistance R, gives similar V, and H, for the linear as well as
for the second stage polynomial approximation. However, it is not true for every vicinity char-
acteristic. This is confirmed in Example 2.

500 [~ /

400 \ / -
300 \ / /
200 /&

100 Z// ‘\a_;_

0 T T T
0 5 10 15 20 25 30
V; [m®s1]
—Vicinity characteristic - linear function =~ ——Vicinity characteristic - parabolic function
—— District characteristicRz=1.5495 kg-m~7 ——District characteristic Rz=0.47 kg-m"’

Fig. 4. The vicinity and ventilation district characteristics — Example 1

Example 2. The ventilation district “Y” in “P” coal mine had a stopping at the inlet. It gave
ahigh value of resistance R = 8.463 kg/m’ (Fig. 5 — green line). The air quantity V, was 6.67 m*/s
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(400 m*/min). The characteristic of the vicinity was obtained based on seven computed (PC)
variants of air distribution (achieved by different setups of intake stopping). It gave the following
equations for the vicinity characteristic:

— parabolic function approximation (Fig. 5 — violet line)

H,=-0.712-V; —16.892 -V, +521.32 (10)
— linear approximation (Fig. 5 — blue line)
H, =-14.524-V,+473.8 an

After total opening of intake stopping the alternative resistance of the district decreased to
R = 0.8 kg/m’ (Fig. 5 — red line).The alternative air quantity ¥, was determined for the values
of R and H,. It gave:
— the characteristic determined by the parabolic function — ¥, = 13.80 m*/s (828 m*/min),
H_.= 152 Pa (Fig. 5 — the intersection of red and violet lines)
— the characteristic determined by the linear function — ¥, = 16.89 m*/s (1013 m*/min),
H_.=228 Pa (Fig. 5 — the intersection of red and blue lines).

It can be observed that the two different kinds of approximation gave a marked discrepancy
in the results (about 20% for air quantity 7, and above 30% for the increase in alternative head
loss H,). After additional simulations of air distribution across the entire mine, it turned out that
setting the ventilation district resistance at 0.8 kg/m’ should produce values for ¥, and H, close
to those which were achieved by parabolic approximation. The example shows that the parabolic
function produces a better matching of the characteristic. This is crucial, especially when two
vicinity characteristics deviate markedly (Fig. 5).
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Fig. 5. The characteristics of the vicinity and ventilation district — example 2
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Example 3. This example refers to the influence of vicinity characteristics curve on the
ability of air quantity regulation. A very steep characteristic was assumed (compared to the
characteristic obtained by linear approximation in example 1, Fig. 6, blue line):

H.=-50-V,+914.495 (12)

The value of the b coefficient was set to obtain the intersection of the vicinity characteristic
and the operating point of the district — vicinity system, similar to example 1 — (coordinates
V,=13.03 m%/s and H, =263 Pa). Looking at Fig. 6 it is the intersection of three lines. The violet
line in Fig.6 is merely for comparison. In fact, it is the vicinity characteristic from example 1.
The resistance was assumed to be the same as for example 1 R, = 1.5495 kg/m’, the green line
in Fig. 6. To obtain a the same air quantity ¥, = 17.96 m*/s (analogous to example 1) the district
resistance should be reduced to 0.05 kg/m’. It means a decrease of 0.42 kg/m’ (compared to
example 1, equation 9). Such a marked reduction might not be possible, due to the resistance
values of neighboring branches. The reduction to 0.47 kg/m’ (Fig. 6 — red line) would give air
quantity of 15.91 m%/s. It is worth recalling that for the flat vicinity characteristic the air quantity
would be 17.96 m*/s) .

The internal loss of air was assumed to be 20% (through internal stoppings) and the cross-
sectional area of the longwall face was 12 m?. For intake air quantity ¥, = 13.03 m%/s (closed
stopping — initial state) air velocity in the longwall is 0.87 m/s. The opening of the stopping gave:

— for a flat vicinity characteristic (violet line — Fig. 6), a velocity increase of 1.20 m/s,

— for a steep vicinity characteristic (blue line — Fig. 6), a velocity increase of 1.06 m/s.

Example 3 shows that in comparison to the steep vicinity characteristic (equation 12 —Fig. 6
blue line), a flatter curve (equation 9, Fig. 6, violet line) allows a larger air quantity to be sup-
plied under the same change of stopping resistance. It should also be mentioned that the initial
operating point of district — vicinity system was the same for both cases (the intersection point

d‘?,',’;r 900 /

800 \ /

700 \ /

600 \ /

500 \ /

400 \ /
S sl
5 S

0 5 10 15 20 25 30
v, [m*s]
Vicinity characteristic - linear function =~ —— Vicinity characteristic -parabolic function
—— District characteristic Rz=1.5495 kg-m~ = District characteristic Rz=0.47 kg-m~”

Fig. 6. The characteristics of the vicinity and ventilation district — example 3
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of three lines in Fig. 6). Thus, it proves that, taking into consideration the vicinity characteristics,
two different ventilation districts with the same values of resistance and air quantities must be
treated separately.

5. Conclusions

Giving appropriate consideration to the required air quantity alternative vicinity charac-
teristics of ventilation districts is particularly important (especially when methane and thermal
hazards occur). The following conclusions may be drawn:

1. Each district should be considered separately. Even for both identical districts (structure,
resistance, air quantity), a change in the branch resistance can produce two different air
distributions in the network. This is caused by the different vicinity characteristics (Fig. 6).

2. In contrast to flat vicinity characteristics, steep ones have a smaller influence on the
change of air quantity in the district (which are caused by a change of the district resist-
ance) (Fig. 6).

3. In certain cases, the vicinity characteristic can give rise to a situation where a complete
opening of the intake stoppings will not produced the required air quantity in the district.
This may be a hazardous situation considering methane emissions and thermal hazards
(Example 3).
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