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Abstract

Purpose. Each ventilation system has its own important elements, such as the various branches of the system, which can be
connected in a normal and diagonal pattern, ventilation regulators and fans. Based on a professional approach to the analysis of
this aeration system, a comparison of reliability results has been conducted, which indicates the real state of the microclimate
in underground mines, affecting the increase in the prospects for the development of mining activity.

Methods. This paper deals with the problem of ventilation in underground mines, especially in diagonal systems, and the
importance of regulating ventilation to provide the required amount of air (Q, m%min) through the entire system, taking into
account the determination of the main fan depression.

Findings. To ensure the required (designed) amount of air through the system branches, various methods of effective regu-
lation are used in mining engineering. Therefore, based on research and measurements in different mine workings, our findings
provide complete safety and comfort of microclimate during mining activity.

Originality. The measurements performed and the database created according to the values and results obtained from the
analytical calculations present the best possible estimate, which is substantiated in the paper.

Practical implications. The problem of calculating and regulating aeration for a simple diagonal system has been solved,
taking into account the determination of the main mine fan depression before and after the use of aeration regulators.
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1. Introduction sary equipment is required in order to objectively assess the
The ventilation system in underground mines is often microclimatic aeration conditions throughout the mine or in

considered by various authors as the blood circulation system  its individual parts [4], [S].

in the human body. In this case, the fresh air ways that The problem of ventilation systems is to theoretically de-

transport oxygen to the working areas, as well as the impure termine the direction of currents in the branches of the sys-

air ways that ensure its removal from the working fronts and ~ t€m, the aerodynamic resistance or equivalent pitch of the

connection with the mine surface, are compared with veins in ~ Systém as a whole, the amount of air distributed in each

the human body. branch of the system, and the height of the total depression in
Thus, ventilation systems are important to ensure that ~ the system as a whole, the value of which determines the
clean air circulates in sufficient amount and in a certain di- ~ characteristic of the fan or fans for the underground mine

rection throughout the entire underground network of mine  Ventilation [5]-[7]. Improvements in microclimatic condi-
workings, as well as in each particular mine working of this ~ tions, achieved through various regulators in underground
network [1]. Therefore, for the optimal solution of this sys- ~ Mine aeration systems, always significantly increase the
tem, it is necessary to determine the source point of the de-  Productivity of mines [7]-[9]. )

pression and the direction of its action, the aerodynamic The purpose of using regulators is to reduce the amount
resistance of the branch between the joints and the total ~ Of air in certain air duct or part of the mine by a certain

amount of air (Q, m¥/min) that must enter the system or even ~ a@mount, as well as to orient it in another way or direc-
leave the system [1]-[3]. tion [10]. In cases where the amount of air in a part of the

The air constantly circulating in various underground mine needs to be_increased to a value t_hat is greater than
spaces of the mine is subject to various influences. Thus, for ~ What can be achieved by the system itself, this can be
a correct and adequate interpretation, it is necessary to know ~ achieved through active regulation [8], [11]. Active regula-
the basic principles of aerodynamics. In addition, a detailed ~ tion means the use of an amplifying fan, which can increase
analysis of the state and control of aeration using the neces-  the amount of air in that part of the mine [11], [12]-[14].
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2. Methods

2.1. Aerodynamic resistance

Mine stability has been greatly reduced and the environ-
mental conditions have also been improved by providing a
separate ventilation compartment before operation. So, given
the fact that longitudinal aerodynamic resistance is a function
of several important factors in underground mines: R = f (a,
L, U, F), then, the pressure loss is the energy of the work
expended on transporting a unit of mass and volume of air
from one point of the mining operation to another, where this
loss depends on the resistance of the conductor and the type
of air movement:

Lv?
h=A4p 20

In mining engineering and mining aeration, for practical
calculations, the air density is considered as a constant value
p = const. Therefore, for reasons of simplifying the Formu-
lal, we accept a similar coefficient (&), coefficient of re-
sistance, which is equal a=/p/8; then, Expression 1 takes
the form:

o))

h=atY 2, pa )
Considering the law of continuity, Q =F-v, - v=Q/F.

Therefore, the above Equation2 takes the form:

h =a|L:—l;~Q2, Pa. Then, by mathematical transformations,

we obtain the basic aeration equation:

h=RQ?, Pa. @)

Where h (Pa) — loss of pressure (energy) to withstand
aerodynamic resistances; R (kg/m’) — aerodynamic resistance
of underground mines through which air passes; Q (m®%s) —
amount of air, given or calculated according to known prin-
ciples on the basis of gases or dusts released, mine producti-
vity, number of workers, etc.

2.2. Diagonal system calculation

To select and adjust a simple diagonal system in mining
engineering, the method of reciprocal resistance ratios is used,
which consists in the fact that, based on the height of the resis-
tors in the normal branches of the system and their mutual
ratio, the direction of the current along the diagonal is deter-
mined, which is shown in the linear diagram (Fig. 1) [15]-[17].
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Figure 1. Linear diagram

Using the measurements presented in Table 1, the total
amount of air is calculated, based on the dust released
through the mine workshops and number of workers/miners,
as well as from the empirical formulas:
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Q=13-k =71.34, ms,

according to the number of employees:
Q=kng=30, m¥s.
Since we used different calculations and at the same time

received two different values, then, for the needs of the mine,
we obtained the largest value of the air amount:

Q=7134, m%s. 4)
Table 1. Dust sources according to different phases
Number  Amount Total Number
Stone Dust source of work  of dust amount of of
P by phases  blocks release dust workers/
[mg/min] [mg/min]  miners
Drilling/ 200 400Gl 10
boring/hole
xp ~ Loading- 300 300Gl 5
unloading

Drilling

X3 and stope 2 200 400 GllI 10
support

x4 ~Automatic 300 300GV 5
loading

X5 Removal 2 200 400 GV 10

X6 Removal 2 200 400 GVI 10

X7 drilling 1 250 250 GVII 5

X8  Emptying 1 250 250 5

> % 1900 2700 60

Based on Table 1, in which the source of dust in different
phases, the number of workers, workloads and the amount of
dust release are presented (Fig.2), the total aerodynamic
resistances of the system (Re), the natural (eigen distribution)
air distribution through system branches (Q;) and main fan
depression (hy) are analyzed [18][17], [19].

Figure 2. Canonical scheme of complex diagonal system

In order to reflect as clearly as possible in mining engi-
neering, the canonical scheme is compiled (Fig. 2), in which
all the necessary elements are marked (air inlet, branch re-
sistances, node points and possible directions of air flow
etc.). After mathematical operations, the canonical scheme
(Fig. 2) is transformed (Fig. 3).

Lz =0.25, kg/m’;

%)

R3 = R4_7 = R4_5 + R5—6 = 375, kg/m7

Rs_6

()

The above mathematical Calculations 5 enable the trans-
formation of the composite diagonal system into a simple
diagonal system (Fig. 3).
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Figure 3. Transformed canonical scheme

The amount of air through the system branches is pre-
sented by the criteria of air current stability in the system, the
aerodynamic resistances of the branches, the difference of
branch pressures from node to node, the criterion of stability
along the diagonal of the system and the mutual ratio of

. R R .
resistors of parallel branches: R—l and —% . Having analyzed
5 3

the report R > %, we can also determine the direction of
5 3
the current flow diagonally from node 4 to node 3 (Fig. 4).

Figure 4. Canonical scheme and directions of air flow

By analogy with Figures 2 and 3, Figure 4 is obtained, in
which all the necessary elements are marked, including the
direction of flow along the diagonal 4 — 3.

2.3. Total system resistance

The total resistance of the system (R) is obtained from the
physical legitimacy for the depression value of the system
branch point. The depression value at end point 7 (Fig. 4) is
the same for three different ways: 2-3-7, 2-4-7 and 2-4-3-7, if
we follow the direction of current from 2 — 7. Therefore, by
analogy with the Kirchhoff's second law for closed current
circuits, the equations are composed:

I: RQ = RyQf +RyQ5 ;

1: RsQS = RsQZ + RyQ%,

or
2 2
e Q.
LR =] =R, +Ry|1+== ; 6
1[Q2] 2+ 4[+Q2J (6)
2 2
. Qs Q
I Ry| == | =R, +Rg|1+—=—| . 7
S[sz 2+ 5(+Q2j (7
After replacements: &zx and &: y, using mathe-
2 2

matical transformations, Equations 6 and 7 take the form:
®)
9)

I: Rix? =Ry +Ry (1+ y)2 ;

II: Rgy? =R, +Rs (1+x)°.

Consequently, the values for x and y are:
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2
‘o Ry, + Ry (1+Y) , (10)
\} Ry
and
2
Ry + R (1
y= 2+5—(+X) (11)
V Rs

Since x =1 (y) and y = f (x), there is no exact mathemati-
cal solution, because they are functionally related, we use an
approximate analytical method, which gives a satisfactory
result in mining practice. In this paper, after some calcula-
tions, the most approximate values for x and y are obtained:
x=2.041andy = 1.329.

In underground mines, the natural distribution of air
through special sectors plays an important role, because
better conditions are created for mining activity. Therefore,
the total amount of air, calculated by Equation 4, is distribu-
ted to other branches of the system in accordance with the
nature of the work. Having analyzed the canonical scheme
(Fig. 4), we compose equations and, using mathematical
transformations, obtain the following equations:

. Q 3
Q. S l+x+y ] ms;
Q3 =yQ,, m¥s;
Q4 =Qy +Q3, m¥s;
Qs =Q +Q,, m¥s. (12)

The results and patterns of natural distribution of air
amount through the branches of the system according to
Expressions 12 are reflected in Table 2.

Table 2. Natural air distribution

The amount of air through Natural air

the branches of the system distribution
Q 33.317
Q2 16.324
Qs 21.694
Q4 38.018
Qs 49.691

The total resistance of the system is obtained from the
physical legitimacy in terms of the depression value at the
system branch point. Therefore, the depression value at the
end point 7 (Fig. 4) of the branch will be the same with any
way, following the direction of air movement from the initial
branch point to the end point:

1. Way: 2-4-7:

hp_7=hy_4+hy7;

~ Rix? +Rg (14x)°

Ro_7 =0.460, kg/m’.

(1+x+y)
2. Way: 2-3-7:
hp 5 =hp 3+h3 7
R,_7 =0.460, kg/m’.
3. Way: 2-4-3-7:
hp 5 =My 4+hy 3+h3 7;
R,_7 =0.460, kg/m’.

(13)
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Based on Figure 4 and Calculations 13 the total resistance is:
Rmin = Rl_z + R2_7 + R7—8 =0.660 , kg/m7 (14)

Based on the above calculation, it is seen that in three
ways (according to the current direction) the same result is
obtained, so we can determine the value of the system re-
sistance R =0.660 kg/m’. From the total aerodynamic re-
sistance (14) and the total amount of air (4) for the studied
mine, the necessary fan depression is calculated:

h=Ri,Q? =3359. Pa (15)

3. Results and discussion

3.1. Adjustment of air conditioning

In a mine atmosphere, when supplying fresh air, we are
often not satisfied with the natural air distribution, which is a
consequence of the resistances existing in the system and
sources of various depressions. For this purpose, the calcula-
tions are made of the air distribution in the system, in order
to ensure the circulation of the required amount of air
through the workshops and other mine facilities. The results
of calculations by the ratio are as follows: Qf =1.3k nGIn :

—Np
m?/s for directed air; comparisons of natural (eigen) distribu-
tion and that of directed air for setting up ambushes are re-
flected in Table 3.

Table 3. Comparison of air amount for setting up ambushes
The amount

of air through ’.\Iatl.”al. D_|re(_:ted Regulatory
air distri-  distribu-  Balance

each branch bution (Qi) tion (0i") ambush
of the system '

Q1 33.316 18.495 14.821 pri

Q2 16.324 10.569 5.755 prz

Qs 21.694 42276 -20.582

Q4 38.018 52.845  -14.827

Qs 49.641 29.064 20.577 prs

Comparison of the natural distribution (Q;) and directed
distribution (Qi') results in Table 3 shows that in all branches
of the system (Fig.5), with calculated resistances (R;), in
which a larger amount of air passes than it is necessary, we
set adjusting barriers (pri) with aerodynamic resistance (re)
in order to pass the directed amount of air (Qi").

Figure 5. Canonical scheme with regulating ambushes

Based on Figures 5 and the applied principle of regula-
ting the aerodynamic resistance of the system branches
through which air must pass (New + new), for all routes of
the ventilation system, from point 2 at the inlet to point 7 at
the outlet through which the air passes, the equations of the
following type are composed:

12 12 2 12 2 .
rp]_Q‘_ + R1Q|_ — rszz - R2Q2 - R4Q =0; (16)
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rpaQ5” +RyQY +1sQe? +RsQi” —ReQy? =0. (17)

Since the maximum resistance is obtained in the 2-4-3-7
ways, then, according to the principle of ventilation of mines
along the diagonal, there is no need to adjust the ambush, so
we accept r, =0. Therefore, Expressions 16 and 17 after
mathematical transformations have the form:

2 2 2
_RoQ" +RQy —RQT g kg/m’:

r (18)
pL ,
le
2 2 2
o5 = ReQs “RsQ™ “RoQy” _717, kg’ (19)
¥’

These regulators are additional resistances in the embed-
ded branches of the system, therefore, based on the expres-
sion (Rj + ;), the resistance of the branch, which is placed in
the ambush, is obtained:

_ RgQ® —ReQE? — Ry Q7

r =717, kg/m’.
p5 , '
Qf
R{ =R, +ry =3.91, kg/m’; (20)
q =R+ Tpp
R =R +rps = 7.67,, kg/im'. (21)

While the ratio of air amount is calculated based on the

expression, X _9 it follows that:
x =2 20259, ¥ = 5=
g =—=0.259, x5=0.148, x3=0.592,
x4 =0.740, x5 =0.407. (22)

After these calculations, the canonical scheme (Fig. 5)
is transformed as shown in Figure 6, which reflects the
new resistances.

Figure 6. Canonical scheme after laying ambushes

The new resistors (R'; and R's) are presented in Figure 6,
where even after adjustment the direction of current along
the diagonal is 3 — 4. This means that the resistance value
along the diagonal does not play a role in the direction of air
flow in it. Therefore, based on the analogy of Expressions 8
and 9, after placing the dams, the new roots can be calculated:

"2 , "2
e Ry +R4(1+Y') and y' = Ry +Rg(1+x') @
\} Ry \l Rs

After some analytical calculations with approximate
values of x and y, X' = 1.75 and y' = 4.0 are obtained.

Even after adjusting the system, system resistances are
achieved from physical legitimacy of the depression value at
the system branch point. Thus, the depression value at end
point 7 (Fig. 6) of the branch remains the same with any
way, always following the direction of air movement from
the initial branch point to the end point:
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1. Way: 2-3-7:
R + RS (1+X')?
R'=Ry ;=1 5(1+x) =1.535, kg/m’. (24)
(1+x'+y")
2. Way: 2-3-7:
Ray'2 + Ry (1+y')
R'=Rj ;= 3" +Ra(1+Y) =1.536, kg/m’. (25)
(1+x'+y")
3. Way:2-3-4-7:
’ 2 ’ r 2
RIZ Ry Ry(1+Y)" +Ry +RE (1+x) _ 1536 kg/m’. (26)

(1+x'+ y')2
In mathematical analogies:
Rmin = R1_2 + Ré_7 + R7—8 =1.736, kg/m7 (27)

According to the total aerodynamic resistance 27 and the
total amount of air (4), the required fan depression, equiva-
lent hole and electric motor power are calculated:

h, =R’-Q? =8836, Pa. (28)
Equivalent hole:
A:£:0.91, m2, (29)
Electric motor power:
N =V 971 36 , kw. (30)
v

Where 7, = 0.65 — ventilator utilization coefficient.

The results obtained and reflected in Table 4 are used to
construct a potential scheme (Fig. 7) of the aeration system,
which represents the decrease in isochoric potential
for (p = const).

7000
—— Key points

6000 —— Depression of points

5000
4000
3000
2000

1000

0 0 -2000 -4000 -6000 -8000

Figure 7. Potential/possible scheme

-10000

Table 4 reflects the depression values of the system
branches by tracing the direction of air flow from point 1 to
point 8, aerodynamic resistances, air volumes of each branch
and each branch depressions. This also confirms that with the
accuracy at point 8, the same depression values are acquired
in all possible ways.

The potential/possible diagram (Fig. 7) contains the posi-
tion of the fans in the system, the direction of the air currents,
the key points of the system, as well as the data on the de-
pression values between the points of the system.
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Table 4. Depression values of system branches

Branch Resistance “R” A;?Bg})f Depression “h”
1-2 0.10 71.34 508.94
2-4 0.40 52.845 1117.04
4-7 3.75 42.276 6702.23
4-3 2.00 10.569 223.41
2-3 3.91 18.50 1340.45
3-7 7.67 29.06 6478.82
7-8 0.10 71.34 508.94

Way: 1-2-4-7-8
Branch Tr(;e decli_ne of Key points Depre_ssion
epression point
1-2 508.94 1 0
2-4 1117.04 2 -508.94
4-7 6702.23 4 -1625.98
7-8 508.94 7 -8328.20
8 -8837.14
Way: 1-2-4-3-7-8
Branch Tt(]je decli_ne of Key points Depre_ssion
epression point
1-2 508.94 1 0
2-4 1117.04 2 -508.94
4-3 22341 4 -1625.98
3-7 6478.82 3 -1849.38
7-8 508.94 7 -8328.20
8 -8837.14
Way: 1-2-3-7-8
The decline of . Depression

Branch depression Key points F[))oint
1-2 508.94 1 0
2-3 1340.45 2 -508.94
3-7 6478.82 3 -1849.38
7-8 508.94 7 -8328.20

8 -8837.14

4. Conclusions

After detailed analysis and calculation of the simple di-
agonal system we conclude.

The importance of adjusting the simple diagonal system
regarding the problem of ventilation of underground mines
includes determining aerodynamic resistances, the amount of
air passing through all system branches, the direction of flow
along the diagonal of the system, as well as other important
parameters that are submitted to design tasks, such as a suffi-
cient amount of air in accordance with safety regulations. The
purpose of using different regulators is to reduce by a certain
value the amount of air through certain ways or even in differ-
ent parts of the mine, as well as take it to the other side of the
mine. Therefore, for this purpose, we have used a regulation
with adjusting ambushes, which in most cases is called as a
negative regulation. Because in this way the aerodynamic
resistances and the fan pressure necessary to withstand them
increase, which negatively affects the ventilation efficiency.

For the studied case, it can be seen that before setting
the ambushes, the following results have been obtained:
Rz.7 = 0.460 kg/m’;  Rmin = 0.660 kg/m”; N, = 368.66 kw;
hy = 3359 Pa, while regulatory expectations have completely
changed these values, increasing them by 2-3 times:
R'2.7=1.535 kg/m’; R'min=1.736 kg/m’; N', = 971.36 kw;
h'y = 8836 Pa.

In mining engineering, between these costs in the imple-
mentation of regulation and the consumption of electricity
after regulation, it is always necessary to look for ratios that
lead to the optimal solution.
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EdexTuBHicTh pery/1ioBaHHs BEeHTH/ISALII B IPOCTiii AiaroHa bHii cucTeMi mMiA3eMHUX IAXT
1. 3exipi, /1. I'ami, ®@. Bpaximamk, P. 3exipi

Mera. [IpoBeneHHsI TOPIBHAHHS Pe3ybTaTiB O3MEKH, sIKi BKa3yIOTh Ha peallbHUI CTaH MIKPOKJIIMATy B MiA3EMHUX TIPHUYHUX BUPOOKax,
110 BIUTBAE HA ITiIBUILICHHS IEPCIIEKTHB PO3BUTKY TipHUY0A00yBHOT TisITBHOCTI.

Metoauxka. Y 1iii po6oTi po3rsaeThes MmpodlieMa BEHTHIIAMLIT B MiI3EMHNX HIaXTax, OCOONMBO B JiarOHANFHUX CHCTEMaX, a TAKOX BaXK-
JMBICTh PEry/IOBaHHs BEHTUIIALLT s 3a6€3MedeH s HeoOXiaHoi KinbKkocTi noBiTps (Q, M%/XB) uepes BCIO CUCTEMY 3 YpaXyBaHHAM BH3HAYEHHS
Jenpecii TOJIOBHOrO BeHTHIATOpA. [l HOCSTHEHHS METH BH3HAYAJIMCh aepOJMHAMIUHI ONOpPH, KUIBKICTH HMOBITPS, IO MPOXOJUTH Yepe3 BCi
BiJIraJTy’KyI04i CHCTEMH, HATIPSIMKH MOTOKY B JIiarOHaJIi CHCTEMH Ta IHIIHMX Ba)KIMBHX NapaMETPIB BiMOBIIHO O MPABUII TEXHIKH Oe3MeKH.

PesyasTaTn. JloBeneHo, mo Jyist 3a0e3nedeHHs: HeoOXiTHOT (IPOEKTHOT) KIIBKOCTI TIOBITPSI Yepe3 BiArally)KeHHs CUCTEMH B TiPHUYOTEXHIY-
Hill Tamy3l MOXYTb 3aCTOCOBYBATHChH Pi3HI METOIHM e(EKTHBHOIO PEryJIOBaHHS. BCTaHOBIEHO, 1110 HA OCHOBI JOCIIDKEHb Ta BUMIPIOBAaHb y
PI3HUX TipHIYHX BUPOOKaX, MPOBEAEHI PO3paxyHKH MOKYTh 3a0€3MEUHTH IIOBHY 0e3MeKy Ta KoM(pOPT MIKPOKIIIMATY ITiJl 9ac TipHUYHX POOIT.

HayxoBa HoBH3HA. CTBOpEHO HOBY 0a3y JaHUX MapaMeTpiB BEHTHIALIHHOI CHCTEMH Ha OCHOBI 3Ha4YE€Hb Ta pPe3yJbTaTiB, OTPHMAaHHUX
TIPY aHATITHIHHUX PO3paxyHKaxX Ta IMPOBEICHUX BUMIPIOBAHHAX, IO 03BOJISIE€ 3HANTH ONTUMAIIbHE PillICHHS.

MpakTuuna 3Ha4yuMicTh. BupineHo 3amaqy po3paxyHKy Ta peryiiOBaHHA aeparii Uil MPOCTOl JiaroHAbHOT CHCTEMH 3 ypaXyBaHHIM
BU3HAYEHHS JIeTIpecii OCHOBHOIO IIAXTHOTO BEHTHIISITOPA 10 Ta MiCNs 3aCTOCYBaHHS PEryJsITopiB aeparil.

Knrouoei cnosa: 06 ’em nosimps, 6eHmuiayiiHa cucmema, pe2ynioéaibHi NPUCmpol, AepoOUuHAMIYHULL ONIP, 6EHMUTAMOP, WAXma

86



