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Introduction

Underground mine ventilation may use either suction or 
blowing. Which method to choose depends on ground condi-
tions, gas content of mine air and natural draft [2, 4, 6, 12].

With suction ventilation, fresh air is fed to a mine via one 
or more air supply shafts. Return air is removed from the 
mine along a ventilation shaft (shafts). 

Air is pushed in a mine by a mine main fan (MMF) and, if 
required, subsidiary draft sources (fans or fan installations) 
arranged within the mine ventilation network in accordance 
with the design [8]. In a mine ventilation network, the main re-
sistance falls at shafts. The structure of a shaft furniture is 
conditioned by the functional purpose of the shaft [7], and 
the shaft furniture structure has influence on miscibility of 
cool and hot air flows when air across the shaft section reach-
es a required temperature [9, 10] (the air to feed underground 
openings should have temperature not less than +2 °С).

Body of the paper 

Air heater channels in potash mines provide, as a rule, 
one-way air feed in a shaft, which complicates mixing of hot 
and cool air inflowing through the shaft head in winter [2, 3]. 
A feature of air entering air supply shafts in cold season is 
uneven temperature across and along the shafts (as per 
measurements taken in operating mines). This results in 
damage of tubing seal assemblies and, thus, in growth of ice 
bodies; for this reason, to keep temperature above zero in a 
shaft, the hot air temperature is increased, which elevates 
expenditures connected with the mine ventilation [4]. 

This paper considered air flow in an air supply shaft in 
case of the suction ventilation mode and gives modeling data 
of Solidworks flow simulation on mixing of hot and cool air 
flows in the air supply shaft of a potassium mine. 

Air fed in an air heater channel had temperatures differ-
ing by a degree only, i.e. +7°С, +8°С and +9°С (at the same 
temperature of air inflowing through installations above 
ground); this allowed detecting considerable differences in 
the temperature measured section-wise in an air supply shaft 
(air supply shaft no. 2, Berezniki Mine-2, Uralkali). It is worth 
saying that in the area of the Upper Kama Potash–Magne-
sium Salt Deposit, the outer air temperature may go as low as 
–36 °С; in autumn and spring, and partly in winter, when the 
outer air temperature is much higher than –36 °С, with a view 
to saving energy sources for heat generation, air heater effi-
ciency should be reduced so that air temperature in the shaft 

is close to +2 °С or a little bit higher, but not +15…+20 °С  
[2, 4–5, 12]. 

Fig. 1 illustrates hot and cool air mixing length-wise an 
air supply shaft. Air fed through air heater channel has vol-
ume of 147.27 m3/s and temperature of +9 °С; air entrained 
via installations above ground has volume of 20.71 m3/s and 
temperature of –20 °С.

Fig. 1a shows how hot and cool air flows mix along the 
air supply shaft and the air temperature varies; Figure 1b de-
picts distribution of air velocity epures length-wise the shaft 
versus the shaft furniture. The air flow velocities have essen-
tial influence on the process of mixing of hot and cool air [11].  

It is seen in Fig. 1 that hot and cool air flows mix grad-
ually length-wise the shaft, and the required heating condi-
tions in the air supply shaft are never reached even at the 
level of –50 m. An important factor for air flow mixing is also 
the air heater channel and shaft juncture. It is seen in Fig. 1a 
that subzero air temperature is generated immediately be-
neath the air heater channel, and is governed by the width 
and shape of the channel (channel width is 5.2 m; shaft di-
ameter is 7.0 m). 

Mixing of air flows depends also on the shaft furniture 
and takes places in shafts 50–70 m deep, sometimes deeper. 

The article deals with the suction method of ventilation of 
the mine. Fresh air in the mine is supplied by air supply shaft (or 
shafts), and part of the air in the cold season, warm air heating in-
stallation in and through the hot-air channel flows into the shaft. The 
results of the process of mixing hot and cold air streams in the air-sup-
ply shaft, as well as air traffic on the trunks, taking into account the 
temperature and velocity, which are made on the mathematical mod-
el developed in the software package Solidworks flow simulation.

The temperature in the hot-air heating air channel must be ad-
justed depending on the outdoor temperature. In the article the option 
of air heating installation of air heating, in which the air temperature 
in the air heater is channel 9 °С at ambient temperature of –20 °С. Con-
sidered air mixing process and the depth of the barrel depending on 
the reinforcement (channel width is less than the barrel diameter). It 
is also considered an option at the hot-air channel width equal to the 
diameter of the barrel, which characterizes the process airflow tem-
perature changes in the depth of the trunk. The third option of using 
air heating installation, discussed in the article suggests the location 
of air heating installation in walls pithead. It is shown that heating of 
the air passing through heat exchangers installed on the perimeter of 
a building , provides necessary temperature of the air in the shaft.
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Fig. 2 shows modeling data on hot and cool air mixing 
in an air supply shaft when the width of an air heater channel 
equals the diameter of the shaft (Fig. 2a) and when the air 
heater is installed in the walls of the shaft head [1] with air 
heater channel shut (Fig. 2b). It is seen in the figure that 
when the air heater channel width is equal to the shaft diam-
eter, no complete mixing of hot and cool air does happen 
down to 35 m. 

Furthermore, modeling yields that air mixing is non-uni-
form across the shaft. 

When the air heater is arranged in the walls of the shaft 
head, the shaft temperature is positive as early as level ±0 [1]. 

Conclusions 

Based on the analysis of modeling data on mixing of hot 
and cool air flows in an air supply shaft, the following conclu-
sions can be drawn: 

• the uniform mixing of hot and cool air flows at the 
mouth of the air supply shaft in cold seasons will permit uni-
form positive temperature across and along the shaft, which 
will enable cost saving of the shaft operation; 

• to ensure uniform mixing of air flows at 
minimized costs in case of one-sided juncture 
of air heater channel and the shaft, it is re-
quired to: 

— adjust air feed in the air heater channel 
with respect to the outer air temperature; 

— control air heating temperature in the air 
heater channel; 

— check air temperature across and length-
wise the shaft; 

• the issue of mixing of hot and cool air 
flows in air supply shafts is to be analyzed at a 
mine design stage with regard to all probable 
factors; 

• it is advisable and expedient to heat air 
using air heaters installed in walls along the pe-
rimeter of a shaft head. 

References
1. Alymenko N. I., Nikolaev A. V, Kamenskikh A. A. 

Variant raspolozheniya shakhtnoy kalorifernoy 

ustanovki v stene nadshakhtnogo zdaniya (Shaft op-

tions for placing of the mine air heater installation on 

the stand of a pithead). Izvestiya vuzov. Gornyy 

zhurnal = News of the Higher Institutions. Mining 

Journal. 2015. No. 2. pp. 99–106.

2. Alymenko N. I., Nikolaev A. V, Kamenskikh A. 

A., Tronin A. P. Rezultaty issledovaniya sistemy 

ventilyatsii rudnika BKPRU-2 v kholodnoe vremya 

goda (Results of investigation of the system of mine 

BKPRU-2 ventilation in the cold time). Vestnik 

Permskogo universiteta. Geologiya = Geology. Bul-

letin of Perm University. 2011. Iss. 3. pp. 89–96.

3. Dudar O. I. Raspredelenie skorostey pri turbu-

lentnom dvizhenii vozdukha v gornoy vyrabotke 

(Distribution of velocities during the eddy in mine 

excavation). Rudnik budushchego = The mine of fu-

ture. 2015. No. 1 (21). pp. 50–53.

4. M. Yu. Liskova, I. S. Naumov. Vliyanie estest-

vennoy tyagi na provetrivanie kaliynykh rudnikov Verkh-

nekamskogo mestorozhdeniya kaliynykh soley (Influ-

ence of natural draught on ventilation of potassium 

mines of Verkhnekamskoe potassium salt deposit). Rudnik bu-

dushchego = The mine of future. 2011. No. 3 (7). pp. 103–105.

5. S. V. Maltsev, B. P. Kazakov. Razrabotka metodiki provedeni-

ya eksperimentalnykh issledovaniy po opredeleniyu aerodin-

amicheskikh soprotivleniy stvolov glubokikh rudnikov (Devel-

opment of method of experimental investigations for the defi-

nition of aeroynamic resistances of deep mine shafts). Aktu-

alnye problemy povysheniya effektivnosti i bezopasnosti 

ekspluatatsii gornoshakhtnogo i neftepromyslovogo oboru-

dovaniya: materialy konferentsii (Urgent problems of increas-

ing of efficiency and safety of exploitation of mine-shaft and 

oil industry equipment: materials of conference). 2015. Vol. 1.  

pp. 271–278.

6. A. A. Pozdeev, B. A. Vishnyak. O sozdanii nauchno-issledova-

telskogo kompleksa dlya modelirovaniya i optimizatsii tekhno-

logicheskikh protsessov na baze mikroprotsessornoy tekhniki i 

PEVM (About the creation of scientific-research complex for 

modeling and optimization of technological processes on the 

basis of microcessor equipment and personell computers). 

Rudnik budushchego = The mine of future. 2015. No. 1 (21). 

pp. 60–62.

Fig. 1. Modeling of (a) mixing of hot and cool air flows and (b) air flow 

velocities in an air supply shaft



EURASIAN MINING • 2. 2016 47

INDUSTRY SAFETY AND LABOUR PROTECTION 

EURASIAN MINING • 2. 2016 47

7. Trifanov G. D., Mikryukov A. Yu. Nepreryvnyy dinamicheskiy 

kontrol zhestkoy armirovki vertikalnykh shakhtnykh stvolov pan-

eli (Continuous Dynamic Control of Rigid Reinforcement Verti-

cal Shafts). Gornoe oborudovanie i elektromekhanika = Mining 

equipment and electromechanics. 2013. No. 11. pp. 6–10.

8. Available at: http://www.google.ru/url?sa=t&rct=j&q=&esrc=s

&source=web&cd=1&ved=0ahUKEwimsay6mNXPAhVEQJoK

HY-DBuoQFggeMAA&url=http%3A%2F%2Fwww.gosnadzor.ru

%2Findustrial%2Fmining%2Facts%2Fgornorud_object%2Fpr

599%2F%25D0%259F%25D1%2580%25D0%25B8%25D0%2

5BA%25D0%25B0%25D0%25B7%2520599.doc&usg=AFQjC

NHClTTzlyvxi0qcB5pxo7LnVATnzg&cad=rjt (in Russian)

9. Habibi A., Kramer R. B., Gillies A. D. S. Investigating the effects 

of heat changes in an underground mine. APPLIED THERMAL 

ENGINEERING. 2015. Vol. 90. pp. 1164–1171. doi: 10.1016/j.

applthermalend.2014.12.066.

10. Jianwei Cheng, Yan Wu, Haiming Xu, Jin Liu, Yekang Yang, 

Huangjun Deng, Yi Wang. Comprehensive and integrated mine 

ventilation consultation mode. Tunneling and underground 

space technology. 2015. Vol. 45. pp. 166–180. doi: 10.1016/j.

tust.2014.09.004.

11. Kempson W. J., Webber-Youngman R. C. W., Meyer J. P. Op-

timising shaft pressure losses through computational fluid dy-

namic modelling. APPLIED THERMAL ENGINEERING. 2015. 

Vol. 90. pp. 1098–1108. doi: 10.1016/j.applthermalend.2015. 

04.058.

12. Zhu Pei-gen, Tong Xiao-na, Chen Lei, Wang Chun-wang, Song 

Hua, Li Xiao-yun. Influence of opening area ratio on natural 

ventilation in city tunnel under block transportation. SUSTAIN-

ABLE CITIES AND SOCIETY. 2015. Vol. 19. pp. 144–150. doi: 

10.1016/j.scs.2015.07.015. EM

Fig. 2. Modeling of mixing of hot and cool air flows in air supply shaft (a) when the width of the air heater channel is equal to 

the shaft diameter and (b) when the air heater is installed in walls of the shaft head




