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Abstrakt
Currently, Vietnamese underground mines have been exploited down to -500 m and, in the near future, they will be exploited deeper. 
The exploitation of coal of seams has an negative impact on a workers environment. The increase in the depth of coal seam exploitation 
causes is the increase of adverse microclimate factors such as temperature, moisture, heat radiation. According to the current Viet-
namese laws, coal deposits can be mined in a condition when air temperature does not exceed 30oC, although this rule is not always 
observed, especially during summer. The article show how reducing the adverse impact of climate factors in the mines and calculating 
the parameters which reduce  the temperature on an example in one of underground coal mines in Vietnam. 

1. Introduction
In underground mines, in addition to technical hazards 

resulting from technological processes, there are also natural 
threats related to the rock mass surrounding the excavation 
(water, gas, gas and rock burst, gas and dust explosions and 
climatic hazards). The air flow temperature is the main factor 
shaping the climate in headings. The prevailing microclimate 
determines the working conditions of mining crews in wor-
kplaces. Working in difficult climatic conditions, especially 
in hot environments, is often associated with acute ailments 
which are caused by disturbances of water-mineral balance 
with impaired thermoregulation of the body. It causes  decre-
asing in such functions of the human body as the ability to 
perceive, concentrate, pay attention, perceptiveness and work 
efficiency [1, 2, 3]. Air parameters significantly reduce the ef-
ficiency of mineral extraction, which contributes to reduce in 
the economic efficiency of the underground mining plant. 

Factors influencing the character  of the air temperature 
in the excavation are: sources of moisture, depth of exploita-
tion and related air compression in the air intake shafts and 
heat flow from the rock mass to the air. Moreover, an increase 
in air temperature causes the temperature oxidation of coal 
and additional technological heat sources (electromechanical 
devices) [4, 5]. Another factor affecting the deterioration of 
climatic conditions air humidity is often exceeding 85%.

The main methods of combating temperature threat in 
underground mines include the classic ventilation methods 
and artificial air cooling methods. In this article, the authors 
analyse a solution of reducing the adverse impact of clima-
tic factors on the state of air in the heading of coal mines in 
Vietnam, involving an utilization of local cooling equipment. 

2. Microclimate parameters in underground hard coal 
mines in Vietnam 

Most of the underground mines of the Vietnam National 
Coal – Mineral Industries Holding Corporation Limited (VI-
NACOMIN) had completed the mining of deposits over the 

sea level since 2019, such mines include Vang Danh, Thong 
Nhat, Nam Mau, Ha Lam, Khe Cham III, Khe Cham II-IV, 
Mao Khe and Nui Beo. The annual average production in the-
se mines is around 1,500,000 Mg. Vietnamese underground 
mines are shallow mines which extract coal deposits up to 
300 m below ground, e.g. Nui Beo, Ha Lam, Mao Khe, Khe 
Cham III. Deepest mines include Khe Cham II-IV, reaching 
to 500 m below ground. In these mines, the annual average 
production in the wall is output, and it is over 500,000 Mg, 
e.g. in the Ha Lam mine the wall 11-1-17 of coalbed 11 about 
600,000 Mg is extracted, and the wall 7-2-1 of coalbed 7 about 
1,200,000 Mg of coal per year. 

In the next few years, VINACOMIN will accelerate the 
implementation of mechanization for mining from seams by 
longwall systems and spoil transport, such as the use of me-
chanized mining technology, longwall shearers will be used 
and the excavated belt transport system will be modernized. 
Mechanization will also be used to transport people and ma-
terials.

Vietnamese underground mines use a ventilation system 
based on main ventilation fans, the so-called central suction 
system.

Mining operations in Vietnam are governed by Regula-
tion No. 03/2011/TT-BCT of the Ministry of Industry and 
Trade, according to which the air velocity in the wall and he-
ading faces cannot be less than 0.25 m/s. In mines with me-
thane hazard categories III and IV air current speed cannot be 
below 0.5 m/s (in faces with an 15° incline or coal deposits is  
thicker than 2 m as well as face headings with a length up to 
100 m). Air velocity cannot exceed: 4 m/s in coal excavations, 
8 m/s for tunnel headings, 10 m/s – for air crossings, 12 m/s in 
shafts and fore-shafts while transporting people and 15 m/s in 
air ducts [6]. Table 1 presents the volumetric air stream and its 
velocity in selected underground mines in Vietnam.

According with Vietnamese regulations (03/2011/TT-
-BCT), air temperature at the working site cannot exceed 
30oC [6]. In the most cases in  underground mines in Viet-
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nam, the air temperature is maintained at the level  of the abo-
ve standards. However, during summer, when the external air 
temperature exceeds 35°C, hot air is supplied to the working 
site through the ventilation system, resulting in air tempera-
ture higher than 30°C. Table 2 presents air temperature and 
relative humidity values in selected Vietnamese mines.

As it is shown in Table 2, air temperature above 30oC is 
found in several headings of the Ha Lam and Mao Khe mines, 
in which walls mechanized complexes of high electrical po-
wer were used, and which emit an additional heat stream to 
the flowing air. 

3. Analysis and selection of solutions to reduce air tem-
perature in underground hard coal mines in Vietnam

In order to improve climatic conditions in underground 
headings, mining companies mainly use traditional methods 
of headings ventilation, with air cooling methods being used 
in selected mines and operating areas. The traditional me-
thods of improving climatic conditions in mines are such that 
do not require cooling equipment. The effective ventilation of 
headings may improve climatic conditions, taking into acco-
unt some requirements as followings [7, 8, 9] :

• Limiting fresh air humidification in downcast shafts 
and headings, simplification of the ventilation ne-
twork and, consequently, directing a broader stream 
of fresh air to walls and headings,

• Proper exposure and cutting of the deposit, shorte-
ning the air supply paths and spoil haulage,

• Selecting an optimum longwall ventilation system,
• Tight insulation of cave-in workings (limiting air 

flow through workings),
• Avoiding serial ventilation of longwall headings,
• Locating the spoil haulage from the longwall in the 

used air current,
• Proper design of heading length, especially of lon-

gwalls, to account for the ventilation system’s effi-
ciency

To improve climatic conditions, the methods mentioned 
above are also used to limit moisture evaporation from water-
courses by covering them, resulting in a decrease of air humi-
dity. These methods do not always bring the assumed effect of 
lowering the air temperature to the permissible values at the 
workplace of the mining crew due to restrictions introduced 
by safety regulations, e.g. the maximum airflow speed in ex-
cavations, the risk of gas and dust explosion. Therefore, it is 
necessary to use other methods including the use of cooling 
equipment.

Air conditioning equipment can operate in the indirect 
or direct system. These devices include an evaporator, which 
is an air cooler combined with a machinery assembly consi-
sting of a water-cooled condenser, an expansion valve (Fig. 1 

Tab. 1. Examples of air velocity and volum delivery in selected mines in Vietnam

Tab. 2. Air temperature and humidity in selected headings of underground mines in Vietnam

Tab. 1. Temperatura i wilgotność powietrza w badanych wyrobiskach kopalń podziemnych w Wietnamie

Tab. 2. Temperatura i wilgotność powietrza w wybranych wyrobiskach kopalń podziemnych w Wietnamie
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and 2). The evaporator and the condenser are connected with 
elastic wires to the coolant circulation. Direct action chillers 
cool the air stream with an evaporator located directly in the 
cooled air stream, while heat is collected from the condenser 
in an open or closed system with the use of technological wa-
ter (by the water from the fire-fighting system). In a closed 
system, the stream of heat received from the condenser is di-
scharged via the water into the circulating air current in the 
evaporative water cooler. In the indirect operation system, the 
heat stream taken from the air in the excavation via water is 
directed to the evaporator and then it is collected by the water 
from the condenser. The correctness and efficiency of the air 
cooling process in the excavation ensure sufficient heat collec-
tion from the condenser.

Currently, there are three trends in the technology of air 
conditioning in mining headings used to reduce air temperatu-
re in workplaces: local, group or central air conditioning [10].

In hard coal mines, local air cooler with a capacity of up 
to about 350 kW is used primarily to cool the air in hollow 
excavations ventilated by ventilation pipes. Such devices are 
also used to cool the air in bottom gates. 

In a group air-conditioning system, cooling aggregates 
with a cooling capacity of 1 to 3 MW can be used as indivi-
dual or combined. Cooling aggregates, depending on the con-
ditions in a given mine, are usually located near the downcast 
shafts, from which the cooled water is transported by insula-
ted pipelines to the local air coolers. The main advantage of 
group air conditioning systems is the possibility of implemen-
ting many variants of the arrangement of air coolers. Group 
air conditioning systems are very often used in Polish under-
ground mines in combination with local air coolers.

In central air-conditioning systems, the location of 
cooling aggregates together with their cooling system is pos-
sible on the surface or underground, or on the surface and 
underground (combined system). Central air conditioning 
systems use cooling aggregates that cool water, which is pum-
ped into local water air coolers. The cooling capacity of such a 
system reaches up to 10 MW. In Poland, central air conditio-
ning systems are used e.g. in KWK Pniówek, KWK Budryk 
and in the mines belonging to KGHM Polska Miedź S.A.

In hard coal mines in Vietnam, in order to actively redu-
ce the air temperature, a local air-conditioning system should 

Fig. 1. Air cooler diagram

Fig. 2. Principle diagram of the operation of the air cooler

Fig. 3. Local air conditioning diagram 

Rys. 1. Schemat chłodziarka powietrza 

Rys. 2. Schemat zasadniczy działania chłodziarki powietrza 

Rys. 3. System klimatyzacji lokalnej
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be used, which among the mine air-conditioning systems has 
the lowest investment costs. The scheme of such a system is 
shown in Figure 3.

4. Calculating of air temperature after using an air cooler 
for wall No. 7-3-1 in the Ha Lam mine

The CGH 7-3-1 wall is located on bed 7 in the Ha Lam mine 
in Vietnam. The wall was launched on October 20, 2018. The 
capacity of this wall is 1,200,000 Mg/year. The CGH 7-3-1 wall 
is at the deepest mine level of -265.8 m. The mining and trans-
port devices used have high electrical power: longwall shearer 
– 600 kW, armoured face conveyor – 630 kW and 400 kW, belt 
conveyor in the bottom gate – 500 kW. During operation, the air 
temperature in the wall often exceeds 30°C, especially in sum-
mer (table 3 and figure 4). Traditional ventilation solutions were 
used to reduce climate risk and reduce air temperature, but they 
were still ineffective. Therefore, another solution was to apply 
the method of artificial air cooling, consisting in lowering the air 
temperature in the bottom road before it is led to the longwall. 

In order to reduce the air temperature in the CGH 7-3-1 
wall excavation, the TS-300 cooler from the Polish manufac-
turer Termospec Co. was used. The air cooler will be installed 
at the inlet of the bottom gate (536 m from the wall inlet). 
The direct action TS-300 cooler uses R407C refrigerant. The 
cooler consists of two separate units connected by flexible 
conduits. The first includes the refrigerant compressor, elec-
tric motor, condenser, expansion valve and control and moni-
toring system. The second unit is the refrigerator evaporator 
which is an air cooler. Directly in front of the evaporator is a 
lute fan, in this case WLE 803B forcing air flow through the 
cooler. Table 4 contains technical data and results of measure-
ments of air parameters at the inlet to the heading.

Equations from (1) to (7) were used to determine the 
thermodynamic parameters of the cooled air.

Partial pressure of water vapour pw:

pw =φ pwn (Pa) (1)

where:
pwn – saturated vapour pressure, Pa
φ – relative humidity, -.

    (Pa) (2)
ts – dry-bulb temperature, °C

Specific humidity of air, xd:

   (kg/kg) (3)

where:
p – air pressure, Pa

Humid air density, ρd:

   (kg/m3) (4)
 

where:
T – air temperature in the duct, T = ts +273.15 (K);
ts – dry-bulb temperature, °C

Mass flow rate of humid air     : .

          (kg/s) (5)

where:
V – volumetric flow rate of air, m3/s, V=Aw
A – cross-sectional area, m2
w – air velocity in the heading, m/s.

Mass flow rate of dry air       :.

   (kg/s) (6)

Specific enthalpy of air hd:

hd=1.005ts+x(1.926ts+2500)   (kJ/kg)  (7)

Taking into account the calculated air parameters at the 
inlet to the refrigerator fan, at the inlet to the evaporator and 
the nominal thermal power of the TS-300 cooler, the air tem-
perature at the outlet from the evaporator was determined. 
The air flow leaving the evaporator is a mixture of the part of 
the air that has been cooled to the maximum in the cooler, 

Tab. 3. Air temperature in the CGH 7-3-1 wall at the Ha Lam mine in 2019.

Tab. 3. Air temperature in the CGH 7-3-1 wall at the Ha Lam mine in 2019.

Tab. 3. Temperatura powietrza w ścianie CGH 7-3-1 w kopalni Ha Lam w 2019 r.

Tab. 3. Temperatura powietrza w ścianie CGH 7-3-1 w kopalni Ha Lam w 2019 r.
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obtaining the temperature of the wall of the cooler and the 
part that has not completely cooled. Then, the cooled stream 
of air is mixed with the stream of air flowing in the heading 
(next to the air-conditioning machine). By indicating by tmk 
and xmk, respectively, the temperature and specific humidity 
of the air at the outlet of the evaporator, when it is saturated, 
on the basis of [11] you can write:

 (8)
where:
bf – TS-300 evaporator’s bypass coefficient calculated from the 
formula – according to [12], 

bf=0.01364/60 Qp-0.03507 (-) (9)

Qp – volume air flow at the evaporator inlet, m3/s
Cp – specific heat of dry air at constant pressure, kJ/(kg.K),
Cpw – specific heat of steam at constant pressure, kJ/(kg.K),
Cww – specific heat of water, kJ/(kg.K),
rp – latent heat of water evaporation, kJ/kg,
tc – temperature of the conventional part of the cooled air at 
the evaporator outlet, °C
xc – specific humidity of the contracted part of the cooled air 
at the evaporator outlet, kg of steam/kg of dry air,
t2 – temperature of air at the evaporator inlet, t2 = ts+∆t, °C
∆t – increase of air temperature as a result of fan operation, 
°C. It can be determined from the dependence [13]:

   (kg/s) (10)
 

x2 – specific air humidity at the evaporator inlet equal to the 
specific air humidity xd at the fan inlet, kg/kg
η – fan efficiency,%. According to [13], it can be calculated for 
the WLE 803B fan from dependence:

η=-6.4676Qp
2 + 75.427Qp-162.32 (11)

∆p – total pressure of the fan, Pa. Based on [13], the pressure of 
the lute fan is equal:

∆p=-456.43Qp
2+ 4883.2Qp-8875.4 (12)

If the air mixture does not reach saturation at the evaporator 
outlet, where (1-bf) xc+bf x2 ≥ x"nmk", its temperature and humi-
dity can be determined by solving the system of equations (13):

(13)

The air temperature tc and the specific humidity xc (cor-
responding to the parameters of the cooler wall) are calcula-
ted from the equations (14) or (15) below. Equation (14) ap-
plies to the condition (16) that cools air with condensation of 
water vapor on the surface of a recuperative heat exchanger, 
which is the evaporator of a TS-300 cooler. For dry air cooling 
(x2 <xc), the system of equations (15) is solved [11]:

 
(14)

(15)

 (16)

wherein:
Qm –  dry air mass flows in the evaporator: 

Qm=(Qp ρ2)/(1+x2 ) (kg/s) (17)

ρ2 – air density at the evaporator inlet, kg/m3
N – evaporator's thermal power of the TS-300 refrigerator, 
kW.

Mass stream of air flowing through the excavation (next to the 
air-conditioning machine) m1:

    (kg/s) (18)

where :
Vmk– air volume flow at the fan inlet, Vmk=Qp, m

3/s

Mass stream of air flowing through the air conditioning ma-
chine mmk, kg/s,

     (kg/s) (19)
 
Specific enthalpy of air at the cooler outlet hmk:

hmk=1.005tmk+x(1.926tmk+2500) (kJ/kg) (20)

Fig. 4. Air temperature change diagram for wall CGH 7-3-1
Rys. 4. Wykres zmian temperatury powietrza w ścianie CGH 7-3-1
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Specific air humidity after mixing air streams in the excava-
tion, xm:

    (kg/kg) (21)

Specific enthalpy of air after mixing air streams in the exca-
vation hmk:

      (kJ/kg) (22)

Dry-bulb temperature mixed in the excavation, tsm:

    (°C) (23)

Partial pressure of water vapor in the air in the excavation 
pwnm:

     (Pa) (24)

Wet-bulb temperature (twm) of mixed air streams is de-
termined by iterative methods on the basis of an  
equation:

             (Pa)     (25)

The results of the calculations are presented in the table 5. 
On the basis of the calculated temperature of air in the 

excavation behind the cooler, the authors carried out a fore-
cast of the air temperature in bottom road of the CGH 7-3-1 
wall using the J. Voss method [14]. The value of the projected 
temperature at the outlet of the wall CGH -7-3-1 is less than 
30°C and is 29.6°C. Figure 5 presents a graph of changes in air 
temperature before and after using an air-conditioning ma-
chine in bottom road of the CGH 7-3-1 wall.

5. Summary
Ventilation in underground mines in Vietnam meets the 

requirements for the flow and air velocity in the underground 

Tab. 5. Results of calculations of the air temperature in the excavation after using the air-conditioning machine

Fig. 5. The graph of air temperature changes before and after using the air conditioning machine in the bottom gate of the CGH 7-3-1 longwall 

Tab. 5. Wyniki obliczeń temperatury powietrza w wyrobisku po zastosowaniu maszyny klimatyzacyjnej

Rys. 5. Wykres zmian temperatury powietrza przed i po zastosowaniu maszyny klimatyzacyjnej w chodniku podścianowym i ściany CGH 7-3-1
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excavation in accordance with the regulations of the Ministry 
of Industry and Trade. According to the regulation, the tem-
perature at the workplace in the underground mine should 
not exceed 30°C. However, in summer, in Vietnam, the out-
side air temperature is high and is above 35°C, this causes an 
unfavorable increase in the air temperature in underground 
excavations.

To minimize the adverse effects of climatic conditions on 
production activities in underground coal mines, ventilation 
methods are used that are not always sufficient. In order to lo-
wer the air temperature at workplaces, the Vietnamese mines 
began to use air cooling methods using local, direct-acting air 
coolers.

In the CGH 7-3-1 wall of the Ha Lam mine, the air tempe-
rature in summer often exceeds the permissible value of 30°C. 
To lower the air temperature in the wall a direct-acting air 
cooler type TS-300 from Termospec Co. was used. According 
to calculations, the air temperature in the excavation was re-
duced to 24.3°C. Figure 5 shows a gradual increase in the air 
temperature in the excavation, but it does not exceed 30°C at 
the inlet to the longwall excavation. The use of the compres-
sor system allowed to reduce the air temperature, which at 
the inlet to the wall reached 29.6°C and the same improve the 
climatic conditions in this excavation. The use of a second air 
cooler would allow a further reduction air temperature in the 
excavation.
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Dobór i obliczenia rozwiązań chłodzenia powietrza 
w podziemnych kopalniach węgla w Wietnamie

Obecnie wietnamskie kopalnie podziemne zostały wyeksploatowane do -500 m, w najbliższej przyszłości będą eksploatowane głębiej. Eks-
ploatacja ma negatywny wpływ na środowisko. Działalność eksploatacji w wyrobiskach powoduje wzrost niekorzystnych czynników mi-
kroklimatycznych, takich jak temperatura, wilgotność, promieniowanie cieplne. Zgodnie z obowiązującym wietnamskim prawem, złoża 
węgla mogą być eksploatowane w warunkach, gdy temperatura powietrza nie przekracza 30°C, chociaż nie zawsze jest to przestrzegane, 
zwłaszcza latem. W artykule przedstawiono rozwiązanie ograniczania niekorzystnego wpływu czynników klimatycznych w kopalniach 
oraz obliczenie parametrów obniżających temperaturę powietrza na przykładzie podziemnych kopalń węgla w Wietnamie.

Słowa kluczowe: temperatura powietrza, wilgotność powietrza, chłodzenie powietrza, moc cieplna chłodnicy


