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LESSON ONE

Nature and Properties of Air

The substance of chief attention in the mine

environment is oir. Air is o gascous mixture, existiai_
as a vapor, that Constitutes the natural atmospherc';;ﬁ
at the surfoce of the carth, Thernodynamicolly, it

may be thought as a mcchanical mixture of dry air

and watcr vapor, whoge behavior is complicated by
changes of state in the water vapor. Chemically, the

composition of so-called dry alr-at sea—tevel is-as

follow (Belz and Tuve, 1973)

Gas _ % by Volume % by weight
Nitrogen 78.09 T5.55
Oxygen 20.95 23.13
Carbon dioxzide 0.03 0.05
Argon, other rare 0.93 1.25
gases

For calculations involving cuality control, it
is customary to assume dry alr s nd compute.problems
on a voalume basis, taking the composition approximasely
as, (The various rapc gases are grouped with nitrogen)
oZygen 21 ﬁ
Nitrogen and irert: goses 79% /

beceune they are chemienlly and physieallyiiners //’
s 198



nsofar ag air corditioning is concerned. For nroblem
involving carbon dioxide, use 0.03 or the actual
content by volume,

It must be borne in ming however that dry air
Jdoes not exist in normal atmospheres. It is a hypothe-
tical term, one we assume in quality control or use

~3 a convince in psychrometric calculations

3aturated air, which is air containing all the water
yapor possible at the existing conditions of temper-
vture and pressure, is more than occasionally encoun-
tered; and even supersaturated air (fog) is not

nncommon. The usuall situation confronted in nine air

conditioning is moist air, or normal air, which is a
sixture ofiéry air and water vapor, varying fmom 0.1
to 4% by volume (usually well over 1% in mines): This
ig 2 ‘normal®™ atmosphere, the basis for ventilation
.ad sir-conditioning calsul:tions. So-called "standard
1ir is a misconception; generally normal air is
seant. (On taec otner nand, the terms enviromeantal
standard or stondard conditicns are properly sued.)
With regard to chemical properties, air is
olorless, odorless, and tasteless, and supports
ombustion and life. These are important in quality

:ontrol. Ite other preopervies nmay be clogsificd as



physical or psychrometric., Phvagical proncriirs consigt
of ithose of the fluid, both ot rest or in motion:
quantity control (ventilntion) is concerned srincop-
glly with the dynamic propnerties. Psychrometric
preperties relate to the thermodynamic yehavior of
air and water-vapor mixture and are of particular

importance in temperature-humidity control.
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~ief [tji: £l a. Bm, ¥
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occasionally 2keisnlij ad. {afidy
encounter [inkauntd| v. & n. T i
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exist as Pl (RS ) FE

so-called gt

bear in mind EARFNR

with regard to *F. AT

classify ... as -7 E N

relate to . AXkRe 5K
air-conditioning 223
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Notes

1. Air is a gaseous mixture, existing as 2 vapor,
thot cdnstitutes the natural atmospnerc at the
surface of the earth.
mﬁﬁﬁmﬁﬁm%if"fﬁﬁm@%%.%ﬁﬁ@miﬁ

R EBEE SRR,

RE  existing as a vapor EHTE. FHEEHFE R,
“that g B 570 M -4 a gaseous mixture,.
2. +es, Whose behavior is complicated by cnangés of
state in the watcre vapor,
ees TR RIKAT Y R B, R AR gL
BENLT.
3¢ ve., it is customary to assume dry air and

compute problems on a volume basis,

e + 2
oo Sl REERF %ﬁ#%%ﬁﬁ??ﬁo”
wE to assume (to) compuie =3 FEAF WK TIMW

R .
4, It mast be borne in mind, ...

SAGTIPALE  weses WE borne 2 bear t 3 S 4 18
Je s« (usually well over 1% in minecs).

ses (EEEWATHERERAT L%
_zg well ﬁ-ﬁ'&nj. ..H.<u :-\-é_hy” u ;é"ﬁ" ,ﬁ.



LESSON TWO

Energy Changes in Fluid Flow

Mine ventilation is normally an examole of a
gteady flow process, that is, one in which none oi the
varisbles of FTow chonges with time. Tronsition ar .
loss in energy are involved:in such a proccss, and it
ig important to understand their nature and to be - 2le
to express them mathematica'ly. Energy changes arc bapi
to the calculation of the mine quantity and hend, 1@
of the ultimate objectives of mine-ventilation en; 18~
ering., An expression relating the energy varishle:r -ay
be developed as fiilows.

The total cnergy at any section in a moviag o
fluideconsits of the sum of_thq internal statis ve se-
ity, potential, and heat cnergies at that scci’ on.
Agsume a real fluild moving in o conduit, and consi »r
the energy changes that occur between any two sect'gﬂs
in the system. The heat change is genrally negligi le,

compared to the other terms, except in deep m:aes

ty

ones naturally ventilated, and the addition oi mec -

ical energy is usually considered geparately. Oomit ing
PR 4 ’
these terms for now, the energy at section 1
B :'\

equals the total energy at section 2, plus the tio
-G



.energy losses occurring between 1 and 2, or

Tontl encrgyl= (total energy)2+( flow energy losses;-2-
sdbstit&ting expressions for the various energy terms
and disregarding the minor change in internal energy.

the following general energy equation for fluid flow

results:
X
B+ VU g 22, VZ o (2)
w 2g
P vo? |
where -- 1is static energy, -5- is velocity energy, z is

potential energy, ant H is flow energy loss.

"Equation 2 is recognized as the familar Bernoulli
equation, applicable to all fluid-flow processes. In
this form , it applies only to an incompressible fluid,
which air is assumed to be in nearly all mine wventila-
tion Dbecause of minor changes in oir density.

Each term in the equation is actualiy a specific
energy,_in unit of m.kg/kg, or m, Since m is a measure
of fluid, head these terms can also be referred to as
pressure heads or simply heads. In dealing with air, it
ig customary to emplay mm of water rather -than m of a
air as the unit of heaaq,

Accepting the equivalency of specific energy and
heéad, the general ecnergy cquation as writtem in Eq. 1
can 2lso be expressed -

H ., = Hg+H, (3)



where Hy total bead; and Eg. 2 can be cxprussed

= ‘ Y
HS +Hv1 +H H +H +4 +H (4)

1 z1 82 v2 @ z2 1

N

where Hs is static head, Hv is velocity head, and H7 .

is elevation or potential head, All heads have the vni%
of mm water,

These versions of the Bernoulli erergy cquation
(Egs. 3@ and 4) zrc both basic and general-srd “the most-
useful to employ in mine ventilation. In relating %he
static velocity,.potential, and total heads plus the
logses in flow, the crergy equaticn permits writing of
an expression encompassing all flow variables betweca
any two points in the ventilation system. These
points may be selectcd at the beginning and end ofitac
system (the entrance ~nd dischargé of thec mine for

the air circuit), enabling the calculation of the

) D $ T Rpe— I S - 3 A = - e, : 5 -2
characteristics Yoo tao—entire-swystomr—{the mirne hesdls)
e
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NEW WORDS AND PHRASES
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Notcse

1. e+.e, that is, one in which none of the variables
of folw changes wibh time.

o B RO T AT
X B that is E«“wBE". “ 8" EFRANIER one 0%
b X Fi4estm Process, in which Gl 8w T ik MBS one
25 wns ?xcept in deep mines or ones naturally ventilated,
el T B B E AT T,
KB ones 2%k I mines, HT #HHEFL

ventilated 2iTE2 1. B  ones.
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LESSON THREE

Natural Ventilation

Airflow through mine openings could not exist
unless pressure gains occurred in the circuit to overcome
the pressure losses. Flow is induce& by a pressure
difference, and this can only be sup»nlied by some
energy source, ‘

There =re two forces that may be used to
generate pressure difference: natural and mechanical.
(Mebhanical ventilation is considered in the next
chapter). The oniy natural force that can create and
maintain 2 substantial airflow ig, basically ,thermal .
energy du. ¢ a tcmperature diffczence. . Tlommal begting
of the air in the minc as it paszes through working
faces and mine opening adds thermal energy; this is
sufficient dvo over-come the head losses, and flow
results. The Bernoulli cquation states that the
thermal energy added to the system is converted irnto
a pressure head capable of producing airflow,

The common chimney effect is known to all.

Warm air rises and;diSplaces colder air above, produc-
ing circulation. A similar phe~omenon occurs in mines,
where due to difference in elevation and difference in

temperature of the werikinzs, warm air displaces cold
=vha



