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Abstract

Heat is an integral part of all the mining activities. Not only activities but different conditions are also responsible
for emission of heat in an underground as well as opencast mine. In opencast mine the heat produced is dissipated
in the environment not creating much problem to the working conditions, unlike in underground mines where
proper ventilation provisions are made to eliminate the produced heat to improve the working conditions. In this
review paper we will discuss the potential sources of heat in underground mines which deeply affects the working
condition and ultimately working efficiency of the workers.
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1. Introduction

In simple physics, spontaneous transfer of energy from one body to another, other than by work or
transfer of matter is called heat. Heat is said to transfer from hotter body to the comparatively colder
body same is the case with hotter medium to colder medium. In opencast working the main source of
heat is the sun. Unlike in underground working the heat adds due to various reasons like geothermal
gradient, spontaneous heating, autocompression, machinery, blasting, etc.

2. Basic heat transfer mechanism

As shown in figure 1 the mechanism of heat transfer is governed by three basic principles. Namely:

e Conduction: When heat is transferred from one body to other body while they are physically
connected to each other.

e Convection: When heat is transferred from one body to another without any physical contact
between the bodies.

e Radiation: When the heat is transferred from one body to another through a medium where the
medium itself doesn’t get heated.
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Fig.1. Mechanism of heat transfer

3. Sources of heat in mines

Table 1. Major sources of heat in mines

Opencast mines Underground mines
Sun light Geothermal gradient
Working machines Autocompression
Blasting Mechanized equipment

Spontaneous heating (in case of coal mining) Explosives and blasting

Mechanical processes and light

While in opencast mines the main source of heat is the sun, and the amount of heat generated
by other sources is almost negligible as the heat generated by these sources is immediately dissipated in
the environment not increasing the surrounding temperature to an uncomfortable level. Unlike in
underground mines the heat released gets confined to the working area, if proper care is not taken the
temperature of the working area can increase to an uncomfortable level. Below some such sources are
discussed in brief.

3.1. Geothermal gradient

The increase in strata temperature with respect to depth is known as geothermal gradient
(McPherson 1993). In other words geothermal gradient is the rate of increase in temperature with the
increase in depth in the Earth’s interior. Table 1 shows the variation in temperature as we move down
the depth.

Table 2.Variation in temperature with increasing depth

Depth Effect on temperature Cause
Within 50 m Almost equal to the temperature of the ambient
air
50m-100m Variable Affected by the atmospheric changes and circulating
ground water
Below 100m Almost always increases Due to tectonic settings and thermal properties of the
rock

For dry airways, the flow of heat from the surrounding rock to the ventilation airways is
proportional to the difference between the virgin rock temperature and the air temperature. In case of
wet airways the heat flow rate from the rock to the air increases.

3.2. Autocompression

When the surface air is sent down the workings, either naturally or through man-made ventilation, it
will experience a compression. This means that although the volume of air while going down reduces
but, the amount of heat remains the same resulting in hotter air. Thermodynamically, this phenomenon
is very similar to the way gas reacts in a compressor, air entering in a mine through shaft is compressed
and heated as it flows in a downward direction. If there is no interchange in the heat or moisture
content of the air in the shaft, the compression takes place adiabatically, with the attendant temperature
rise following the adiabatic law:
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T, y-1
T_2= (Pz_pl)[ v
Where, 1

T is absolute dry-bulb temperature, (°Celsius)

p is atmospheric pressure, (Pascal)

v is the ratio of the specific heats of air at constant volume and pressure, and

1 and 2 denotes the initial and final conditions respectively.

The increase in temperature is a result of potential energy being converted to thermal energy
as the air falls through the shaft.When air or any other fluid flows downwards, some of its potential
energy is converted to enthalpy producing increase in pressure, internal energy and hence, temperature.

H=PV+U

Where,
H is enthalpy (J/kg)
P is pressure (pascal)
V is specific volume
U is specific internal energy

The effects of autocompression are virtually independent of airflow. In deep mines, the intake
air leaving the bottoms of downcast shafts may already be at a temperature that needs cooling. This is
the inevitable result of autocompression.

The reverse effect autodecompression occurs in upcast shafts or ascentional airways. This is
usually of less concern as upcast air will have no effect on conditions in the workings. However, the
reduction in temperature due to autodecompression in upcast shafts can result in condensation and
fogging. The mixture of air and water droplets may then reduce the life of the impellers of exhaust fans
sited at the shaft top.

Due to autocompression temperature increases upto 10°C per km vertically downwards, either
shaft or decline. As autocompression combines with surface air temperatures resulting in a very
significant source of heat as mines go deeper and deeper.

3.3. Mechanized equipment

The operation of all mechanized equipment results in either of the two effects
a. Work is done against gravity, and/or
b. Heat is generated.

Few examples of equipment that work against gravity are:
a. A conveyor transporting material up an incline

b. ashaft hoist

c. apump

Vehicles operating in level airways, rock-breaking machinery, transformers, lights and fans are all
devices that convert an input power, via a useful effect, into heat.

Except the compressed air motors and devices such as liquid nitrogen engines, all other forms of
power including electricity and chemical fuels produce thermal pollution that must be removed by the
environmental control system in a mine.

3.3.1. Electrical equipment

Figure 2 below shows the fashion in which the power taken by an electrical machine is utilized. In
two ways machine efficiency is relevant in this context:

a. First, the total amount of heat produced can be reduced only if the machine is replaced by
another machine of greater efficiency to give the same mechanical power output at
reduced power consumption.For any given machine, the total heat produced is simply the
rate at which power is supplied.

b. Secondly, the efficiency of the machine determines the distribution of the heat produced.
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The greater the efficiency, the lower the heat produced at the motor and transmission, and
the greater is the heat produced at the pick-point, conveyor rollers, along the machine run
or by any other frictional effects caused by the operation of the device.

XKW | MOTORDRIVE DIRECT HEAT
EFFICIENGY LOSSES FROM
power I > MACHINE BODY
taken by =XAD kW
machine
useful energy
U=(X*E) kW
WORK DONE HEAT DISSIPATED
AGAINST GRAVITY ALONG WORKING
Wg LW LENGTH OF MACHINE
U-Wg

Fig.2. Heat produced by electrical machine
3.3.2. Diesel equipment

Generally, the efficiency of diesel engines is 33%, the remaining 2/3™ are released in the
underground environment in the form of heat. Diesel is used in almost all the mining machines like,
loaders, trucks, jumbos, explosives transport vehicles, four wheel drive vehicles, etc.

The internal combustion engines of diesel equipment have an overall efficiency only about one-third
of that achieved by electrical units. Hence, diesels will produce approximately three times as electrical
equipment of the same mechanical work output. This can be demonstrated taking a simple example:

Considering rate of fuel consumption to be 0.31 per rated kW per hour, at a calorific value of 34 000
kJ/1 for diesel fuel, the heat produced isof heat emitted for each kilowatt of mechanical output.

0.3 liters k] heat
= * 34000 ——
60 * 60 kW output * second litre

kJ
=2.83 y (or kW atts)

This heat appears in three ways each of which may be of roughly the same magnitude. One-third
appears to be heat from the radiator and machine body, one-third as heat in the exhaust gases and the
remaining third as useful shaft power which is then converted to heat by frictional processes as the
machine performs its task.

As with other types of heat emitting equipment there is little need, in most cases, to consider peak
loads. It is sufficient to base design calculations on an average rate of machine utilization. The most
accurate method of predicting the heat load is on the basis of average fuel consumption during a shift.
The latter is defined as the fraction of full load which if maintained continuously, would use the same
amount of fuel as the actual intermittent load on the machine.

A difference between diesel and electrical equipment is that the former produces part of its heat
output in the form of latent heat. Each litre of diesel fuel that is consumed produces approximately 1.1
litre of water (liquid equivalent) in the exhaust gases. This may be multiplied several times over by the
evaporation of water from cooling system and where water is employed in emission control systems. In
situ tests have shown that the factor can vary from 3 to 10 litre of water per litre of fuel depending on
the design of the engine, exhaust treatment system and the proficiency of maintenance.

3.3.3. Compressed air

When compressed air is used for drilling or any other purpose then there are two opposing effects
that govern the heat load:
a. First, the work output of the machine will result in frictional heat at the pick point or as the
machine performs its tasks.
b. Second, the removal of energy from the compressed air will result in the reduction of the
temperature of that air at the exhaust ports of the machine.
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3.4. Explosives and blasting

It has been estimated that about 90-95% of the energy released during blasting eventually finds its
way into the underground environment as heat. It is probable that some of the heat is washed away with
the blasting fumes and some gets trapped in the broken rock which may be released during the rock
removal. The amount of heat removed by each process is a function of rock fragmentation, the
ventilation arrangements and the mining cycle.

3.5. Mechanical processes and lights

The use of electricity and other mechanical devices increases the heat load of a mine. Different
mining operations which add to the amount of heat in the mine are operation of fans, hydraulics,
compressed air and any friction related heat. The heat produced by light is negligible.

3.6. Underground water

Two types of water sources are found in an underground mine:

a. Groundwater.

b. Mine water.

All groundwater, especially water from hot fissures and natural rock reservoirs, is an inexhaustible
source of heat in mine workings. Since, water and heat both are derived from the surrounding rocks or
geothermal sources, the water temperature will approach or sometimes it may exceed that of the rock.
The water transfers its heat to the mine air mainly by evaporation, increasing the latent heat in the air.
Equally large amount of latent heat may be added to the mine air through the evaporation of service
water provided for drilling and wetting down and of drainage water from filling operations, also known
as mine water, which also gets heated by the rocks.

4. Heat hazards
Due to excessive heat when the human body is not able to dissipate the heat to the environment the

core body temperature which generally lies between 98°F to 100°F exceeds and can result to any of the
below serious heat related health hazards which can even lead to death.

a. Heat stroke

b. Heat exhaustion
c. Heat syncope

d. Heat cramp

e. Heatrash

f

. Transient heat fatigue
Among these hazards heat stroke is the most severe one which can even lead to death.

5. Conclusions

The purpose of this paper is to highlight the major sources of heat in underground mines which
affects the working condition and ultimately affects the workers and the productivity of the mine.

Increased utilization and power of mechanization in mines and subsurface facilities has resulted in
such equipment joining geothermal effects and autocompression as a major source of heat.

However, in case of machine utilization in many mines, records of fuel consumption by individual
machines or even in separate sections of the mine do not seem to be maintained. The ventilation
planner often must resort to the type of calculation shown above and using an estimated value for
machine utilization.
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