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Abstract—In the article, the options of mines aeration by
means of gector fan installation are examined, as well as the
principle of this installation functioning and its potential are
shown. Basing on the investigations conducted and the
functioning results received, the possibility of application of the
gector fan installation as the main and auxiliary fan
installation is shown. The application of the egector fan
installation as the main fan installation for aeration of the mines
of the fields opened with adits or shafts of small extent on the
northeast of Russia is proved. The option of using the gector fan
installation in the pit mouth as well asin underground stopings of
the mine ventilating network is considered.
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deep mines with the smaller aerodynamic resistance, the axial
fans of several standard sizes are used [2]. Such approach is
justified when the mine field is opened with vertical or
inclined shafts which create the main part of ventilating
network depression. From air giving to ventilating shafts, the
mine tunnels have, as a rule, the insignificant aerodynamic
resistance, for which from 5 to 15-20% of a depression of the
whole ventilating network are spent [1].

In practice, the fans-ejectors are sometimes used for
aeration of mines [6]. However, fans-ejectors cannot
unambiguously solve the problem of necessary air distribution
through the sections of the ventilating network as they have no
constant aerodynamic characteristics [5].

The ejector fan installations (EFI) have advantages of the
fan-ejector, but have constant aerodynamic characteristics
during the work in the ventilating network with variable
resistance. EFIl has in its structure the merging chamber for

The North is the unique part of the Earth. When looking agjecting and ejected streams of air which is established in a
the map of Russia, it becomes obvious that the big part @fine tunnel together with the fan (fig. 1-2). To exclude the

Russian area is related to the North. Let us focus on tHarculation of an air stream in a mine tunnel, the separation
northeast of Russia, particularly, on Khabarovsk Kraiwall is established between the merging chamber and the mine

Magadan region and Chukotka. tunnel walls. Thus, there is an EFI aerodynamic system with

. . . ) ___constant aerodynamic characteristics working in the
Th_e main fan installations (MFI) are the _key link SuPply'ngventilating network with variable resistance [6].
the mine with a necessary amount of the air. The development

of fans construction was mainly oriented to the aeration of Underground mine tunnels must be aired by means of
coal mines. The centrifugal fans, capable to develop highontinuously operating MFI. There are several requirements
static pressures and productivity changing over a wide rangt®r MFI, regarding its structure, location, work control
were created. Such fans of the main airing satisfied theevices, air supply and pressure, the reversal of a ventilating
ventilating needs of the deep mines having considerabiiream, a way of aeration [7-9].

aerodynamic resistance of ventilating networks [3]. For less
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Fig. 1.Schematic aerodynamic diagram of EFI (UMFI): 1 — fan-{ working, b — reserve, ¢ — reversal); 2 — merging chamber;
3 — nozzle; DD, Dy — diameter of direct-flow part of merging chamber, confuser, diffliskris —length of direct-flow part of
merging chamber, confuser, diffusdr; d —nozzle diameterss — distance from nozzle to confuser (diffuser)
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Fig. 2. Scheme of flow and variation of velocity field and static pressure along length of displacement chamber: 1 -
outlet nozzle; 2 - intlet nozzle; 3 - mixing chamber; 4 - diffuser.
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Il. RESULTS AND DISCUSSION - ol o N g q
. . . . From [6] it follows that the undergroun

axi;-loofrloeﬁﬁfulel) (Ii?ﬁlsu?wlgge;zzrtyfoe b(gsletsoﬁot?\sgnrjgtlﬁi?'emobiIe fan installation (UMFI) or EFI (the difference is in the
9al). Sary : q ﬁj me, but it is the same thing) is intended for air redistribution

pressure to overcome the ventilating network resistance and e sections of ventilating networks of mines, tunnels
factor TKere arg no zones of efficient erforman’ce within 0¥mz. The constant aerodynamic characteristics are specific for
1000 i:’as on the work schedules of MFIFEZ] these installations. Such installations can be established
' in mine tunnels, do not demand construction of the building on

However, now there is a significant number of functioningthe surface, ventilating channels. The reversion of a ventilating
mountain mines with low production capacity with thestream is realized by installing the reversible fan at’ 180
representative section of the ventilating system, beinthe working fun (from the side of the merging chamber
considerably more than 2?nSuch mines, as a rule, have thediffuser).

adit opening, do not have the airgiving and ventilating shatts, Based on the results of industrial EFI (fig. 3), tests on such
and MFIs develop low pressure which leads to work in themines as SKRU-2 of “Silvinit" JSC "Mnbg(;vershinnyi"
field of low efficiency factor values. The life cycle of such "Dukat". “Karalveem’. and the modeI’ tests executed in t'he
_mountain enterprises ?S usually less than MF! life. _Its sh_ortaggtate R’esearch Cen,ter “CADI"” (central aerohydrodynamic
IS C?‘!JSed by considerable expenses (esp(_eually n t.rfﬁstitute) of N. E. Zhukovsky [4], there were received ratios
conditions of the northeast) as MFI of such mines works r determination of the EFI optimum parameters  with
low-pressure zones (sometimes the pressure is much IOW(%ferent fans (fig. 3-5):

than 1000 Pas) providing necessary supply of fresh air in mine ' '

tunnels. D/d, = 1,5; di/d, =2,0; D/d, = 3,0;l/l4= 1,31D; (a+ 1c)/D
=2,0;1/D = 3,33.
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Fig. 3. Scheme for aerodynamic testing: 1 - fan; 2 - reversible fan; 3 - venturi; 4 - jumper; 5 - combined pressure receptacle; 6 - differential
pressure meter; 7 - differential pressure gauge; 8 - barometer; 9 - Speed meter; 10 - devices for measuring power; 11 - psychrometer.
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Fig.4. Scheme of arrangement of equipment and measuring instruments during testing: 1 - jumper; 2 - venturi; 3 - fan VME-6;
4, 7- measuring tubes; 5, 6, 10 - micromanometers; 8 - diffuser (confusor); 9 - anemometer; |-l and 2-2 - flow measurement section.

The parameters of the EFI functioning are controlled byeration solution for the underground mine enterprises from
the equipment, similar to the that installed on MFI, or by othedifferent viewpoints. EFI working as MFI can be placed both
control-measuring equipment, allowed for these purposes ion the Earth's surface and in mine tunnels [10, 11]. When EFI
accordance with the established procedure. is placed underground, the smaller volume of construction
works is required and it is possible to put EFI in the optimum

The calculations of ventilating networks do not always : . o P A
confirm that the MFI installation on the surface is reasonabléjIace from the viewpoint of air distribution in the ventilating

In domestic and foreian bpractice. the underaround ME etwork. For mines with small air expenses (10-13@)mit is
. . gn p . 9 ossible to make EFI mobile or easily demountable on mobile
installation occurs now more often. As the calculations and th

: . o . . Fnits that will allow one to easily reinstall it when closing the
operating experience show, it is a more economic and rehabr%in

e (fig. 4).

57



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 133

P 7
w. 07
.LCJJ Bg

8b 7/
e g B} o -
2

R O S i
1]

Lrd Fop 2
'l

Tub bl ) i

Fig. 5. Layout of fan installation UMFI in mine (view from above): 1 - fanorking fan, b- standby fan, c - reversible fan);
2 - frame of trolley VG-44 - frame of a car for Venturt, b— frame of a trolley for fans); 3 - nozzle; 4 - jumper; 5 - Venturi;

6 - instrument sensor APTV; 7 - supply cable; 8 - fan starter (a, b — fan contactor direct work, ¢ - reversing fan motor starter), 9 - instrument
control panel APTV; 10 - conclusion to the dispatcher of the mine.

In theory, any standard sizes of fans, both axial ané\s gsvi?]zrr]e%lgced with EFI with the VME-8 fan and its location
centrifugal, can be used for EFI. In EFI, serially released fans ged.

of local aeration are used (fig.6). The use of EFI, as MFI, has been realized in 2002 on the

“Dukat” mine of CJSC “Serebro Magadana’. EFI with the
IIl. EJECTOR FAN INSTALLATIONS VME-12AUS5 fan has been designed, approved in accordance
“Mnogoveshinnyi” mine is situated in the north of with the established procedure and put into operation. It

Khabarovsk Krai. The aeration of separate chambers and therked as MFI and supplied the mine with 65,0-157% rof
mine by means of underground mobile installations of ejectasir with 51,0-150,0 Pas pressure. The productivity setting is
type was tested and put into operation. Their work in thearried out by changing fan driving wheels at +15°, +25°,
parallel mode, when placed in different mine tunnels for airing-35° installation angles of the blades and by changing the
of "Promezhutochnoe" and "Yuzhnoe" chambers, waslistance between the exit nozzle of the fan and the merging
investigated. The alternative for EFI was MFI with VOD-16 chamber entrance. The reversal of a ventilating stream was
fan. The total productivity of two EFls made up 58,7sn carried out by the VME12 AU5 fan located at 180 degrees to
with a static pressure of 130 Pas. In 2003, with the increase thfe working fan. The work parameters at reversion are almost
mining works localization, mine capacity of EFI with VME-6 equal to the normal work parameters.
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Fig. 6. Aerodynamic characteristics of UMFI.

To confirm the solution relevance, MFI with the VME- new place when required. It is very important during

12AU5 fan was tested in the “Ducat” mine in different construction and commissioning of new mines.
operating modes within more than 2 weeks. During the tests

' The analysis of ventilating systems’ work of north-east
the supplying tunnel to MFI has been blocked by 90% by the
separation wall. On this fan, the driving wheel with the +35 rllr;?asaroo\fskRIEf;)a|m(Tl|Zes trﬁﬂa?gt? dﬁearr?sglganF?hrlriz%tk?nir?gg
installation angle of blades has been installed (the maximumn P y y
can be aired, or EFI can be used for air redistribution in the
productivity), and the fan has been installed on a frame forectlons of the ventilating network.
coincidence with the fan axis and the merging chamber. 9

Permanently frozen ground partially thawed, and the frame rFleo}\r/]g dpabrtlcumlzgrrrslng% t[lheeaeigtg)cr; Isvsituhe EXOT deiﬁgtsioc;: i'le
of the fan stood in a pool, which surface was at a distance 5t y Proj
1157 mm from the fan. The fan worked, measurements we esign decisions in accordance with the established procedure.

made; at this moment, the water column has risen from a pool EFI design was constantly improved; it is confirmed by 11
and via the fan, the fan nozzle and the merging chamber hpatents of the Russian Federation.

been thrown out in the tunnel. The normal work of MFI was
confirmed and the installation has been put into operation.
Originally, EFI was placed in the mine at distance of 530 nfi]
from the mouth of the intake at the point of +980 m. And in
the second half of 2003, in connection with the approach
the mining operations close to EFI, it was moved to the new
place by 15 m away from the mouth of adit No. 9. When
carrying out the tests of EFI, it was shown that the mine can
be aired both by the forcing and exhaust methods. Each of
aeration ways has the advantages during different periods @f
year, depending on the influence of seasonal natural draft.

Subsequently, EFI located in the mouth of adit No. 64 was pdﬁ]
into operation in the “Ducat” mine.

V. CONCLUSION 7]

Thus, it is possible to conclude about a possibility of
application of EFI as MFI. The design productivity is reached
by the choice of a fan size used in EFIl. Owing to the design of
aerodynamic features of the considered EFI and simplicity ]
merging chambers production, it is possible to put EFI at al
optimum point of the ventilating network, and to move to the
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