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CHAPTER - 5
LAWS OF MINE AIR FRICTION

1. Calculate the pressure required for ventilating a drift

given the following—
Dimensions of drift = 2.5m X 3m X 300m

Quantity passing = 300 m>min’!
Coefficient of resistance = 0.0098 Ns2m™

Sol. Surface area of the drift, S = perimeter X length
= 2(2.5 + 3) x 300

_ = 3300m?
Quantity = 300 m*min’' = Sm’s!
Cross-sectional area of drift = 2.5 X 3 = 7.5m?>
K = 0.0098 Ns>m™

S? 'pascal, where S is the area

. Pressure required, P =

of rubbing surface in m?, Q the quantity in m3s!, A the cross-
sectional area in m2, K the coefficient of resistance in Ns?m™

_ 0.0098x 3300 (5)°
(7.5)

2. A mine has only one district at a distance of 500m from
the bottom of the shafts. The average size of roadways is 4.3m
x 2.7m and the average velocity of air is 320m per min. Find
out the pressure difference at ‘the pit-bottom (value of K is
0.001) [Second Class (Coal) 1986]

Sol. K = 0.001

Surface area S = Perimeter x Length

= 2(4.3 + 2.7) x 500 = 7000 m?

P pascal = 1.92 pascal

Velocity V = 320 m min’! or l:,?- ms™'

Cross sectional area A = 4.3 x 2.7 = 11.61 m?



68 NUMERICAL PROBLEMS ON MINE VENTILATION

KSV®

. Pressure difference P = pascal, where K is the

oeff. of resist. in Ns2m™, S the area of rubbing surface in m?, v
C . . = . . 2
the velocity of air in ms™', A the area of cross-section in m?.

~ 0.001x7000x (16/3)" _ 172 Pa
B 11.61
3. A quantity of 3300m? of air passes per rfli_nute through
an airway 3m X 2m by 500m long. What quantity would pass
if cross-section was enlarged to 3.5 X 2m?
KSQ* _ K(length L x perimeter C)Q*
3o A3

Sol. P=

-
P, K and L being the same in both cases, Q o< —

c
QG 4,0

Qq AC
Q¢ __(, 10
(3300  (6) 11
Q, = 3965 m*/minute.

Hence 3965 m*/minute of air will pass through the airway
of increased cross-section.

or

4. The velocity of air in a 6m diameter D.C. shaft 300 m
deep is 4 ms™!. Calculate—

(a) quantity of air entering the mine per minute, ¥ '

(b) power lost to overcome the frictional resistance of the
shaft.

Assume coefficient of friction to be 0.010 50 Ns2m™.
Sol. (a) Volume of air entering the mine
n_.,
(R =7D*x4m%"
22 .,
=5 X6"=113.14 m%""!
K =0.010 50 Ns2-

_ 2
S _"DL=—_72-><6><300=5657m2
v=4ms'|

- @@




LAWS OF MINE AIR FRICTION 69

_mD’_2

(6)2 = 2
n 7 X_4 =28.29m

_ KSV?
PR A
et M2el 0 0.01050 X 5657 % (4)’ 5

B 28.29 :
= 33.6 Pa

(b) Power lost to overcome frictional resistance
=PQx107 kW
=33.6x113.14 107 kW
= 3.8 kW.

5. The coefficient of friction of an airway is 0.0l
Ns?m™. Calculate the Darcy-Weisbach resistance coefficient
assuming air density to be 1.2 kgm™.

Sol. Coefﬁcient of friction,

K = f?p where f is the Darcy-Welsbach

resistance coefficinent, p the alr
density in kgm™ and K in Ns’m

~pol=t%k2
0.01x8
o f =2 =0.0667

_ 6. An airway 2.5m X 2m absorbs a ventilating pressure
of 250 Pa. Calculate the saving of pressure that can be achieved
by enlarging the roadway to 3m X 2.5m. Assume that there is
no change in quantity of air passing and coefficient of friction.
Power cost in Rs. 2.50 per kWH.

Sol. If suffix 1 & 2 refer to old and new airways

KSQ®
3

respectively, from Atkinson’s equation P = , we have

3
BE. S A 0 B_S (A
R oA S, l'e'H_SIX(A:

Since K, = K, and Q, = Q,.
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DETERMINATION OF FAN
LHARACTERISTIC

LLRVE.



AIM OF THE EXPERIMENT:

DETERMINATION OF FAN CHARACTERISTIC CURVE.

THEORY:

A “CHARACTERISTIC CURVE” IS A CURVE WHICH SHOW HOW THE MAGNITUDE OF ONE QUANTITY VARIES
WITH THE CHANGES IN SOME OTHER RELATED QUANTITY. IT SHOWS THE VARIATION IN

[i] THE FAN DRIFT W.G.,
[ii] THE B.H.P. DEVELOPED BY THE DRIVING MOTOR
[iii] THE MECHANICAL EFFECIENCY OF THE FAN, ON THE BASIS OF VOLUMES .

THE FIGURES SHOW THE CHARACTERISRIC CURVES OF DIFFERENT TYPES OF FAN.

[i] FORWARD BLADED CENTRIFUGAL FAN:
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e THE PRESSURE OR VOLUME OR P-V CURVE, ALSO KNOWN AS W.G. CURVE AND "FAN
CHARACTERISTIC”, SHOWS THAT AFTER PRILIMINARY FALL AT LOW VOLUMES, THE W.G. REMAINS
FAIRLY CONSTANT FOR AWIDE RANGE OF VOLUMES AND THEN FALL STEEPLY AS MAXIMUM
VOLUME IS REACHED. THE WG. READING WOULD BE ZERO[0] WITH FAN WORKING ON OPEN AIR.

¢ THE POWER CHARACTERISTIC OR B.HP. CURVE OF THE FAN RISES STEADILY AT LOW VOLUMES BUT
STEEPENS AT HIGH VOLUMES ,SO THAT IF FOR ANY REASON THE MINE RESISTANCE DEACREASES, I.E.
IF THE VOLUME OF AIR INCREASES, THE MOTOR WILL BE OVERLOADED. HENCE, THE FAN IS
UNSUITABLE WHEN THERE ARE CHANGES OF SUDDEN SHORT CIRCUITING OR SUDDEN CHANGES IN
THE MINE RESISTANCE.

e THE MAXIMUN EFFECIENCY OF A FORWARD BLADED FAN 1S ONLY ABOUT 72%, AND THIS OCCURS AT
A CERTAIN POINT WHEN THE FAN IS OPERATING ON A FLAT PORTION OF W.G. CURVE. IT FOLLOWS
THE SMALL CHANGES IN THE W.G. WILL CAUSE QUITE LARGE VARIATIONS IN VOLUME, POWER AND
EFFECIENCY, A CONDITION WHICH IS UNDESIRABLE.

[ii] BACKWARD BLADED CENTRIFUGAL FAN:
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e ASET OF CURVES FOR A MODERN AEROFOIL BLADED CENTRIFUGAL IS SHOWN IN THE FIG.

e THW W.G. CURVES FALLS FAIRLY STEADILY FORM A MAXIMUM PRESSURE AT LOW VOLUME AT
AND TO ZERO AT MAXIMUM VOLUME. THE FAN IS WORKING ON STEEPLY FALING PART OF THE
W.G, CURVE AND CONSIDERABLE VARIATIONS IN PRESSURE WILL CAUSE COMPARATIVELY SMALL
CHANGES IN THE VOLUME AND POWER AND SMALL REDUCTION IN EFFECIENCY.

e THE B.H.P CURVE IS ALMOST A RISING STRAIGHT LINE PASSING ABOVE THE ORIGIN TENDING TO
FLATTEN AND THEN FALLING AS THE VOLUME INCREASES. IT SHOWS THAT POWER INCREASES
WITH INCREASE OF VOLUME BUT AS THE MAXIMUM VOLUME IS APPROACHED, POWER
BECOMES ALMOST CONSTANT AND THEN DECREASES. THUS, IT INDICATES THE “NON-
OVERLOADING CHARACTERISTIC” OF THE FAN.

« THE EFFECIENCY CURVE SHOWS THAT THE MAXIMUM EFFECIENCY IS 85% IN THIS CASE, THE
CURVE IS REASONABLE FLAT TOPPED AND A HIGH EFFECIENCY [SAY 80%] IS MAINTAINEDWITH
VOLUMES OVER A WIDE RANGE. THE FAN IS THEREFORE SUITABLE TO A MINE IN WHICH THE
RESISTANCE VARIES OVER A CONSIDERABLE WIDE RANGE.

[iii] FIXED-PITCH AXIAL-FLOW FAN:
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e THE W.G. CURVE SHOWS THE MAXIMUM W.G. IS DEVELOEPED AT ZERO VOLUME, THERE AFTER
FALLING A CONSIDERABLY AND RISING AGAIN, SUBSIQUENTLY FALLING RAPIDLY TO THE ZERO IN
OPEN AIR WHEN THE VOLUME IS MAXIMUM WITH MINIMUM MINE RESISTANCE. TO LEFT OF 50%
VOLUME, THE FAN WILL OPERATE IN A THROTTLED AND STALLED CONDITION. THE BEST
OPERATING RANGE OF THE FAN LIES TO THE RIGHT WHERE THE FLOW CONDITIONS ARE STABLE.
THE OPERATING POINT OF THE FAN AT MAXIMUM EFFECIENCY LIES ON THE STEEPLY FALLING
PART OF THE CURVE.

e THE B.H.P. CURVE SHOWS THE MAXIMUM POWER IS DEVELOPED AT THE MAXIMUM EFFECIENCY
AND DROPS ON EITHER SIDE. THE FAN IS THEREFORE SAID TO HAVE A NON-OVERLOADING
CHARACTERISTIC.

e THE EFFECIENCY CURVE SHOWS THAT THE MAXIMUM EFFECIENCY IS 82% BUT A HIGH EFFECIENCY
IS MAINTAINED OVER A LIMITED RANGE OF VOLUMES. AXIAL FLOW FANS FITTED WITH VARIABLE

PITCH BLADES GREATLY EXTENDS THE RANGE OF DUTY OVER WHICH A HIGH EFFECIENCY IS5
MAINTAINED.

CONCLUSION:

DIFFERENT TYPES OF “FAN CHARACTERISTIC CURVE” ARE STUDIED.
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