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i.

INTRODUCTION,

This Thesis, which couprises investigations of sowme
problems in practical mine ventilation, {s mainly
concerned with work likely to be undertaken by a
ventiletion engineer at a mine and te divided inte
sections as followsi-

l« The £ ional
T

The correct measurement of crosse-sectional areas
of underground roadways, upon the accuracy of which
much of the value of the subsequent oaloulations of
air-flow in mines depends, presents great difficulty
where the oross-sections are irregular, A study was
wmade of this problem. Some now instruments and
methods of measuring irregular cross~scotions ware
devised and are descrided and tested,

In particular, a method of determining areas by
photography was developed and tested and, as far as
the author is aware, this is the first application
of photography in mines to this problem.

8 Measu ] elocitien

Low air speads are somatimes measured with the
aid of smoke or emelling agents. The aoocuraey of
such methods is often seriously questioned.

A series of tests 18 described comparing the results
obtained by smoke and smell with those of a delicate
low=reading anemometer.

3o Atkinson's Coefficient of Resistan
of Undsrground IlTeays.

Very fow values of Atkinson's coefficient of
resistance are avallable for airways with wodern linings

such as steol arching oalbetod archin and arch
conorete or briok ftlltug. The rolnl!- some e ot

determinations made in mines are given.
4¢ /
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4. An Electrical FPressure Gauge.

The introduction of vensilation surveying in
minea has raised the problem of devising a simple,
reliable and readily portable instrument for the
measurement of pressure drops in an ailr stream.

Such pressure drops require to be measured between
points within the stream and cannot be referred to

a comeon atmosphere as with air ducts on the surface.
An attempt was made to evolve a pressure gauge based
on electrical principles.

5e Effect of Downstream Obstruotio
5noggm§?§?’§33diégg;

puring the measurement of air velocities in
mine alrways it is often impossible for the observer
to stand oclear of the stream, Resul ts are given of
tests made to determine how far downstream of a
moasuring instrument the observer would require to
stand to avoid disturbing the velocity dlistribution
at the measuring section.

6. Pressure iosses in Fan prifts.

Results are given of tests carried out for
pressure losses in badly designed fan drifts.
The results show surprising losses and indicate that
probably many fan drifte are consuming a disproportionate
part of the ventilating power,

T Rearrangement of the Ventilation of a Colliery.

The ventilation survey work connected with the
rearrangement of the ventilation of a colliery ie given,
a new surface mine was proposed to meet further
development and increased ventilation requirewents and
the question arose whether the mine should bea downocast

OFr an upocast for lowest wator-gauge with stipulated
air=-flow requirements.

8. /
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8. The Econoemy of rensing the § f
a8 Exie 2 2

The question whether the expense of widening an
existing upcast shaft would be justified by the saving
in ventilating power is investigated. A value for
the ceefficient of resiatance for wood=lined
recotangular shafts iz determined. Few values for
rectangular shafts are available. :

9. Alr Qonditions in & Necp Rand Gold Mine.

dome data relating to air conditions ohserved
in a deep gold mine on the Rand, South Afrvrica, are
given. These data relate to dry and wet bul‘
temperatures, moisture content and total heat as
obsoarved on a complete 2ir circuit of the mine.

some notes are included relating to the incidence
of pneumonia among native lahour in a Rand gold mine.



su t of Min 8

Some new instruments and methods for measuring
the oross-sectional areasof irregular underground
roadways are described and tested.
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1.

The Measurement of Mine Loadway Areas.

In guantity surveys of wine ventilation the oroas
sections of roadways require to be measured. These
oross sections are often very irregular in periphery
and some special wethods of measuring are required in
order to obtain the necessary aoouracy.

The radial arm apparatus is well imown and has been
applied to some extent. 1t consists of a fixed
protractor mounted on a stand, with a siiding arm
pivoted at its centre., The prineiple of the apparatus
is to measure offsets and angles from the centre of the
protractor to points on the periphery of the roadway.
The cross section can be plotted from the data obtained
and the area determined by the use of a planimeter,

Another method used by the Bureau of Minos of U.3.A.
applies the pantograph. The pantograph is wounted on
the end of a tub or trolley and a section of the roadway
is reproduced on paper on the spot.

dome investigations were made to find if a simpler
wmethod or Aif a simple, light and inexpensive instrument
ocould be deviased for the measurement of the areas of
mine roadways, and the following is an account of some
investigations carried out.

n /




(1)

Fixed Frotractor and steel Tape.

The main 4difference between this instrument (Fig.l
and the radial arm type is the replacement of the
arm by a steel tape of type which remains straight
when extended. The tape ie 72 ins, long and is
contained in a ocase 2 ins, dlameter.

The pivot point of the tape was placed so that
the centre of the protractor was at the sawme
distance from the end of the tape as the cut-off
point (where the tape enters the case) was from
the diametrically opposite side of the canse.
Hence, wvhen the tape was extended until the ocase
was at the side of the roadway, the cut-off point
gave a direct reading of the length of the ray.

A further modification was introduced, namely,
to have the tape fixed to the protractor so that
both rotated round the same central point, the
reading from the protractory being obtained from a
fixed pointer.

In order to test this instruwent, an undistorted
steel arch was selected and its area carefully
wmeasured and calculated. The results obtained
were as followei-

Caloulating the areca of the inidividual trisngles
obtained by joining the ende of the radisl lines
by straight lines, the oross section of the arch
conesa out as 28.3 sg.ft., the true value being
32.45 oq.Tt. Thus there is an errory of 4.15 aq.ft.
or a peroentage error of 12.75.

if, however, the radial lines are joined by e
smoo th curve, the area as obtained by planimeter
is 32.1 sqg.ft. giving a percentage error of 1.08.

Tine lieguired:=

Measuring esescsss  Wminn, 14 secs.
Plcttm‘ siatvnsy 2B 9 0 "
Total .-0000-019 . 14 »

Advantages, /
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Advantagest-

(2)

(a) It is more compact, as the taps inside i ts

case (2" dia.) ococupies less space than a
rigid arm,

{(b) The welight of the tape iz wuch less than the

welght of a rigid arms.

(o) The instrument may be designed for sitting on

the floor thus avoiding the use of a tripod.

Bowden gable with Steel Tape.

In taking areas with the instrument described
above, difficulty is experienced in reading the
angles of a fairly large roadway unless an
assistant is available. In order that the
instrument wight be used by one observer, it was
redesigned to incorporate a device for marking the
angl es. The wodified fnstrument is shown in Fig.2
A horizontal shaft is added, to one end of which ia
fixed the tape. On the other end of the shaft
there is a lever aystem having a Bowden cable fixed
at one end of the lever and a pencil at the other
onde.

As the shaft rotates, it carries both tape and
lever system round with {¢t, When tho cable is
depressed the pencil point iz pushed firmly againet
a sheet of paper on a hoard so fitted to have its
plane paralliel with the plane of rotation of the
tape. To ensure orientation of the paper for
plotting purposes, pin points are fitted on the
board to prick the paper.

Yhen using the instrument, the ateel tape {w
extended to any desired point roumd the roadway
section; this automatically sete the pencil at
the angle of the tape. The radial length is
noted and at the same time the cable lever is
depressed to mark the angle.

in /
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in order to speed up drawing operations, a board ;
was constructed with a pointed spéndle, 1/32% diameter,
inserted at the centre of the board. A socale had a ]
steel strip fitted to one end with a small lolo bored
to pass over the spindle, The paper, marked with the
pencil points when taking an area, was placed on the
board with the scale on top. The radial lengths can
then be rapidly soaled off at the proper angles.

On test this instroment gave an area of 33 asg.ft.
against a correct area 0f 32.45 sq.ft., the error

being 1.69%.

Time Required;

* Measuring sssscascensress J mins 44 seos.
’lo“ln‘ Pe B BT ORRE O ES 2 " ) L
To“l N e s wPee P OB 6 " 43 L

Advantages;

(a) The time required to obtain a set of results {is
about one-thirzrd of that required with the previoua
instrument,

(b) The section of a large romdway can he easily taken
by one person,

SRS 00 8P

(3) Ihe Pantograph.

A pantograph in the form fllustrated dy Fig.3. wan
tried out., The instrument was coustructed as a
lattiice of steel strips. A pencil point placed at
the end of the first link gave a socale reduction of
5/1 in & five-link lattice, and 10/1 in a ten-1ink
lattioce.

One end of tho trellis rotated round a shaft
fizxed on a vertioal drawing board while the other
end acted as the traocing point which was taken
round the periphery of the roadway. The pencil
point thus traced out the seotion to a reduced scale

on /




Drawing Board

Pivot Point

Line of roadway
section fraced out
by pencil point
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on teest this fnetrument gave an area of 32.2 ag.ft.
against the estimated correct area of 32.45 sq.ft.,
tims showing an ¢rror of 0.771 in area.

Time Reguired,

Tracing out seoction ....e:s.. 0 mine. 54 mecos.
Area by planizete? ... ..... 1 ein. g °
,Ot.l evse e s e  § w 5‘ .

The main advantages of the method are that the
accuracy is fairly high and the time required is short.
A falrly large board is required to support the paper
unless a large scale reduction is adopted.

(4) Direot Measurewent by Planimetar,

An attempt was made to apply the planimeter to
direot measurement of areas on the spot. A large
planimeter (Fig.4.) was constructed and mounted on
a vertical stand. The main diffioculty encountered
in the construotion was to ensure that the wheel
of the planimeter remained in close ocontact with the
board, To overcome the difficulty, the small
radius arm was conatructed in two secotions. The main
section, AR, had a rigidly constructed bearing at the
ocentre of rotation, and the extension of AR, which
was the part of the arm carrying the wheel, was
pivoted to AR at B, and the wheel was held against the
board by a light spring.

The planimeter, of course, reguires to be
calibrated for zero circle and multiplying oconstant.

Tests with this instrument gave an average
percentage error in area of 1.351. The time to
complete a determination of area was 45 seos.

The advantages of the planimeter are that the
area is obtained on the spot and the time required
:: small. The method, however, has serious

o8 = the size and weight
ooﬁeﬂﬁtﬁu the wechanism ia de 1ca==: ::; the range

of the instrument
Shé ahEs Sre :fg‘.sf 1imi ted nnlaf, the lengths of

(5 /
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gltgot goadlg‘ Ingtrument,

The advantages of a directereading instrument
are apparent. As the planimeter did not hold out
wuch prowise an attempt was wmade to design an
instrument on a different prinoiple.

A design tried out its shown in Fig.5.
The 'area recording disc' iz free to revolve round
fts central shaft when rotated by the 'dieo
rotating wheel!t. The disc rotating wheel was
mounted on a sguare section shaft so that 1t
could move easily along 1t when operated by the cawm
The disoc rotating wheel ie rotated by the
peripharal wheel.

The cam i3 rotated by the *radius length pulley!
A redaction gearing was introduced hetween this
pulley and the shaft operating the cam, but is
omitted in the sketeh for simplioity.

A oord, which is fixed at one end to a pivot
point at the centre ¢of the roadway, passes twice
round the pulley, 8¢ that as this cord was shortens
or lengthened the radius pulley rotated.

When using the instrument, the cord is pivoted
near the centre of the area and the peripheral
wheel is rolled round the periphery of the section,
The area is obtained from the number of
revolutiona of the nrea recording d4iso.

The profile of the cam {s designed to position
the dise rotating wheel on the area recording diseo
20 that when the area swept out by the radine from
the pivot point of the cord to the peripheral wheel
is two square feet, the area recording wheel makes
one revolution,

The instrument as conetruoted in the laboratory
fn & wmakeshift manner was rather rough but
nevertheleoss it gave satisfactory results,

The average error obtained on teat was 1.39{ in

area, and the time regquired for a determination wai
1 mimate 4 seconds.

The /




Disc Ro’iaﬁn\g Wheel Periphery Wheel

N Square Sect‘\on Shatt

== ,:?mec =

[ hrea Recorqu Disc |
P Point
a —%Ra&m length pulley
Elevation




-7

Tho resul ts obtained indieated that a properly
constructed instrument wonld prove highly satisfactory
and would be of convenient weight and size.

(6) FPhotographic Methods,

The application of photagraphy te the
measurement of areas of mine roadways waa
investigated. Two methods were tried.

In the firast method a white line was drawn round
the periphery of the area, This 1ine was then
photographed, a soale being inocluded. Lighting was
obtained by flash powides. The area was then measured
from the photograph by a planimeter,

Teats of this mothod gave errors of the order of
o.!’-

Figures 6, 7 and 8 show underground roadways, the
arean of which were obtalned by this method,
The wvhite line of Fig.8 1s rather wide and gives e
diffarence of 5.7/ between the inner and guter sides.
It 12 necessary to adopt as fine a line ams possible.

The second method avoids the use of any speoial
1ighting and is suitable for safety lamp mines.
The photographic plate iz exposed while the lantern
of a miner's eleotric cap lamsp i moved round the
boundary of the area, the light, of course, facing the
camara. A trace of the boundary of the area is
obtained on development of the plate.

To obtain tho acale for the photograph, a beard
with small holes at intervals of & Llnches iz used.
The board is placed in the smeotion normal to the
camera and the lamp is placed behind the holes in
turn, so that spots of light are recorded on the
plate along wiéh the trace of the area boundary.
Figure 9 shows one result by this method.

Best /




FIG. 6.

Average Area by Planimeter = 7.2 sq.in.
Soale Ratio, 0.365 in. = 1 ft,
ATea = 7.2/0.3652 = 54 sq.ft.




Average Area by Planimeter = 5,12 sq.in.

Scale Ratio, 0.35 in. = ] r%¢,
Area = 8,12/0.35° » 66.3 sq.ft.




Average Area by Planimeter -
0“‘.’ & 68 0 a2 P oA
lnn.r S e 8O P g e B tee P

gcale Ratio, 0.35 in., = 1 ft.

Area -
Dnt‘r % % 8 26289 a8 L
lnﬂll’ U BRI S I A BN

538

80« in.
sqe.in.

Z.aa/o.'m? S 59.6 sq.ft.

/0:352 = 56,2 sg.ft.
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Best ro=zults are obtained when the lantern s
fitted with a frosted or pearl glase #so thait a unifors
trace 1s obtained on the pivtographic plate and so that
the outer edge of this trace can be taken as the
boundary ef the area. in sowe cases the rim of the
lantern may prevent the lfght band frow reaching the
boundary of the area and it is then necessary to allow
for this when measuring up the area of the photograph.

The larger the photographic plate that can be used
the hatter the result in respect to accuracy.
tnlarging may prove useful bat was not trisd in the
present case,

Fig.lG shows a result obtained {in an undergroumd
roadway.

LIS BN SR A

General Conclusions,

(a) For a cheap, serviceable inuatrament that can be
constructed in the collfery workshops, if necessary
I recomuend either the Radial Arm Bowden cable
instrument, or the Pantographic instrument.

(b) The Photographio method could be used to the hest
advantage in the following oaseste

(1) WYhen great acourncy is required.

(2) Por permanent wmain intake and return air
measurement stations.

(3) For the measurement of areas after a fire or
exploslion or in cases of diepute.
A disagreement about the aize or shape of
roadways can be settled by reproducing the
full soale area on a acreen.

(¢) & properly conatructed, direot-reading instrument
would be a very useful piece of apparatus when
making ventilation surveys.




Avorage Area by Planimeter = 7.64 sg.in.
Soale Ratio, 0.49 in. = 1 f¢,
Area = 7064/00492 - 31.8 .q.tto

Area by Neasurement e 31.81 sq.ft.




FIG, 10,

Average Areca by Planimater = Q.44 sqa.in.

Soale Ratio, 0.5 in. = ]} f¢,

Area ® 9.44/0.52 = 37.7 sq.ft,

reriphoral Length e 11.4 in. = 11.4/0.5 « 22,8 ft.
Peripheral Correction = 22,8 x 0.277/12 = 0.528 sqg.fTt.
Corrooted Area 2 37.7 ¢ 0.55 = 33,2,




Alr Velooities by Swoke and Smwell Tests.

The accuracy of smoke and smell tests in the
seasurement of low alr velocities is investigated.
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Alr Veloolities by Bmoke and Smell Tests.

A fevw tests were made to examine the accuraey of the
smoke and swoll tests as methods of measuring low alr
speeds. The eoquipment used in the smoke tests is
fliustrated by Fig.ll. A smal]l wind tunne]l of crose-
section 1 ft. x 1 f%.4 ins. was used, Alr was exhausted
through the tunnel by a fan, The smoke was liberated
at A and timed over the seotion B to B, The air speeds
as calculated from t he smoke tests were compared with
those obtained by an Ower Low-fipeed Anemometer which was
frequontly calibrated during the tests.

The swoke was timed with the aid of tw photronic
cells, one placed inside the tunnel at B and the other
at D, The cells were energised by lamps placed in
the tunnel as shown in the figure. The cells were
comnected to suitable milliammeters. When the smoke
reached the cells the readings of the milliammeters
were imuediately altered hy the intervention of the
smoke between the light source and the cells. The
milifisumeters were placed side by side and the time
interval betwaen the disturbances of their readings
wvas measured by a stop watoh,

The following results were obtained in one eeries
of testsi-

Table 1.
Yelocity Recorded by Ancmometer. Veloctﬂg EE 51.!2‘ of

414 ft. per min. 404 ft. per min.
m ol L " ml a ] o

1 " " ] 134 " “

123 [ ] ] o ‘oo L ] ] L]

115 * W o &) (] " ]

107 ] . “ GhH = ] "

lofj L " [ ] 55 ] [} o

It will be seen that, a® far as these tosts ge, when
the velooity as recorded by the anemomoter falle below
150 ft. per min. the deficiency of the smoke test
P8°93180f‘;§°"' and rapidly increases with further fall

The /
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The photronio cell at D failed to register when the
velooity was lower than 90 ft. per min,, the density
of the smoke cloud then being %00 low to finterrupt the
1ight sufficiently. Under these oconditions no smoke
could be observed at the window O when a miner's eap
lamp was placed within the tunnel and the room was in
darkness. smpke, however, could be observed whemn a
Go=Watt lamp was used. This indiocates that the
sensitivity of the photronic cells was such as to
conform with the practical conditions of 1ljumination
underground,

The tests with smells were carriod out with the
eguipment illustrated in Fig.13. The smell was releaseqd
at A and the time of travel over section AR was measured
The amell was produced by liguid ammonia and perfumocs,

a little of the liguid being blown into the tunnel by
compressed alr.

The results gbtained with ammonia and the perfumes
were almost fidentioal. The following is one series
of resultej=-

Table 11.

149 rt. per min, lg ft. per min.
gz " " [ ] " " "
78 o " W 72 ¢ " ]
49 ) " L 51 " " a

These tests show that the smell test ie sore
acourate than the smoke test and remaine in agreoement
with the anemowmeter down to fairly low velooitios.

The graph of FPig.34 compares the smoke and smell
tosts againet tho delicate lowreading anemomater,
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Values of Atkinson's Coefficlent of Resistance.

Some values of Atkinson's Coefficient of nDesiztance
are determined for modern wine roadways.




Atkinson's Coefficient of Besistanoce.

Atkinson's formula for the pressure drop to provide
air flow in mine atrways is -

K 8 g2/ ad

where Pressure drop in 1lbh. per sq.ft.

Coeffiolent of resistance.

Bubbing surface in mq.ft.

Rate of air flow in thousands of cu.ft./min

Crose seotion of roadway in mqg.ft.

rPowrmy W

There are remarkably few published values of the
coefficient £ for the modern large roadways and modern
mothods of lining the roadways. Vhile investigating
some ventilation problems in mines, an opportunity was
afforded $to determine some values of K under modern
conditions.

Pressure drops were measured with the well-known
Askania Minimeter whioch ie capable of reading to 0.02 mm
of mater-gauge. A standard National Physical Laborator
pitot tube was used to measure the static pressure drop.
The static pressure drops were adjuested to total
pressure drops by correction for the mean velooity
pressures at the measuring sections.

The pressure drop over the test length was obtained
with the aid of rubber tubing stretohing the full
length and having pitot tubes at both ends, the
manoweter being connected, of course, between the two
pitot tubes. The method of tranmsporting the rubber
tubing ie fllustrated by Fig. 15.

The quantity of air flowing was obtained by an
anemomater from readings in sub-sections at suitable
oross sections in the test lengthe.

Mfficulties are usually encommtered in determining
values of ¥ under practical conditions due to the
difficulty of obtaining test lengths with unifor= cross
section and due to the variations in air flow. In the
preosent case the cross seoctions were fairly uniform but,
wvhere any variation existed, average values wore taken.
The /
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The area taken was that within the lining, and the
"rubbing surface' was assumed as the product of the
perimeter within the lining and the test length.

The tests were carried out on idle shifts andi the rate
of air flow was fairly miform during the tests.

Tubs for normal haulage were standing in most
of the test lengths, so that the values of X obtained
are probably more useful for practical estimations than
values ghtained in clear or oxperimental airways.

The test results are given in Table 1.
The advaniage of completely filling oawbered arches, top
and sides, as compared with eide fllling only, ts shown.
For the former, X has a value of 0.0056 compared with
0.0076 for the latter. 3teel arches unfilled give much
the same value as an unlined roadway.

These values are sonewhat higher than a few
published values for modern roadways,. It seoms
probable that unless a roadway is completely filled
batween the supports, a wvalue of 0.01 for K is still
not far out under practical conditions,




goll of nubber Tubing and Pitot Tubes
Mounted on Bogey for Transport.



mes ¢ mply tvbs |+ w)) Lubs svervge Foavre | Quenfify AlKovs0nS
seclien n Seclwon |Area )-7 r- D cor I'ns \vgﬁf(’ Na l.oefftc;el
CAMBIERED AHRCHES o Vwho'le Length S‘f 0'0"'7 ‘fV,‘UL 00010
concrele limed on lfop wn/ sides
CAMBERED ARCHE S Wwheole P45 97 Q- L9R|/0 00do ooe3.
I yds Concrele lined on lop and sides Ltng"“?
/199yds concrele lnc Top wnhined.
20 yels concrete lined For I f up s1des
lep unhined
CAMBERED ARCHES Wwhele whole 839 0-278 |79 000|a0076.
33" YyJds Corcrele hmd lop way vides Le"j(."' "en"h
60 yds Concrele lhined snles Tep walimed
20 I}d.l Concrele lined 3 /7 op sides
fep wnlinec
CAMBERED ARCHES swaiole o S0 QL0045 |49 s0v|0 vove
,5J lj\/) Cong 70(( ’I"Q\l ' fop ..n.,/ sides Lt"l.a{b
20 yus concre te hined sives Teo wnliied
p 37 ) \Jtla nel arched ancd »"1'11;1‘./
STEEL NARCHED GIRDERS: unlined |\whele 0 B3 |0 0/0s [R3,000|00070:
90 yus Brushed s 3% 9’ Lenglh
t?0 yc/.i vnbdrushed /72°xv%%"
UNLINVED o 0 o9 O /722 |96000 |0 006
’ : R 5
AtkiNsonNn’s CoerFicit nTS of RESISTANCE.




Electrical Pressure Gauge.

A pressure gauge designed on the Wheatsone Bridge
principle is descoribed.
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Elepirical Pressure Gauge.

An attempt was made to design an electrical pressure
gauge asuitable for pressure surveying in mines. It was
thought that such an instrument aight prove more
convenient than the instruments now available for such
work.

The well-known Whoatstone Bridge principle was
applied as fllustrated fn Fig.16. Assume that the two
l1imbs A and 8 of heference Xo.l. are telephone
transui tters. The circuit is balanced by regulating
rheostat C. suppose the limb A to he subjected to an
increase in atmospheric prossurei this will compress
the carbon granules in the normal way and conseguantly
upset the balanoce. The balance can be restored by
rheostat O. It was thought possible that the rheostat
C wight be calibrated to give the pressure difference on
A and B.

in the tests oarried out, the telephone tranamitters
proved to be too sensitive to shocke an? were discarded
in favour of small pressure hoxes shown in Reference
No.2, The boxes were oconstructed from steel and were
14 in. long by 1 in, diameter and ware tightly paocked
with carbon granules. The carbon was insulated from
the sides of the Dox by rubber § in. thick. The top
was asoaled over with sealing wax,

Reference No.35 shows the arrangement of the boxes

for calibration. Box A wam fsmersed in water, the
level of which was varied to vary the pressure on the
box. Graphs of resistances (balancing) wore obtained

for inoreasing heads and reducing heads, respectively,
and are shown in FPig.17. A slight variation amounting
to about 1/12 in. in ¥.G. is shown by the graphs.

I am convinced that,with further research into the

type of pressure box and carbon granules, an instrument
could be devised with an error less 1/12 in. ¥.G.

leforence No.4 f1llustratea the method of using the
inatrument in the mine.
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Effect of Obstruotion on_Anemometer Neadingse.

The results arc given of some tests on the effect
of the observer standing behind an anewometer while
weasuring air velocities in mine roadways.
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The !ftoot E‘ gbsg{no!t%n on ‘;; ;glggggz
ensurements _with ‘he Anemd er.

e @ TR i Rt s MO Y

in the measursement of air velocities in mine roadways
it i’ very ofton iwmpossible for the ohserver te stand
clear of the current while taking wmeasurements. 3omae
tosts were carriesd out to find how far dowanstream of
the instrument the observer would require to stand to
avoid disturbance of the distribution,

The tests were made in the small wind tunnel used
for the smoke teats described earlier. The principle
of dynamic similarity was applied and the tunnel was
assuned as the model of a mine roadway on a seale of
1/68h, the velocities of the tests being six times those
for tﬂo wine roadway.

The firat series of tests was carried out in a smooth
seotion 1 ft. x 1 ft. representing a roadway 6 ft. x 6 f¢
A pitot tube of special design was used so that
obstructions ocould bs brought olose up behind the
measuring *spot's The 'hook' of the tube was 14 in.
long compared with the 74 in. hook of the standard N.P.L.
pattern, Compared with the standard pattern this
special tube gave results a few per cent. higher, btut
this did not matter for the purposes of the tests.

In each test the velocities at the measuring section
wors measured in each of 16 sube=sections of equal arzea,
at the centre of the section, and also ocentrally in
front of the obstruction as illustrated by Fig. 18.

Tests. Series 1.

An obstruction representing dimenstons 144 in. broad
and 6 in, deep and the full height of the roadway was
placed in the centre of the roadway with the 144 in,
side normal to the air flow,. Tests were made with the
ohatruction at different distances downstream of the
tip of the pitot tube, and for each position of the
obatruction the air speed was varied. The following

is a reoord of results ohtained, the figures being the
sub=seotion velocities:-

Test /
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Test 1. _ 3Speed A. Duct Clear of Obstruction.

496 529 542 529 516
536 608 613 619 597
529 597 590 608 = 608
523 510 510 516 536
Moan velocity at seotion .....0c0. 23; f:. p:t '&"

Velocity at centre of section .....
0.!!‘!0 mn-‘mt 0 8260 8820 %8P et e 0.92. L W

The object of Test | warn to check the centre constant
for the section, i.e. the ratio of the mean velooity to

the centre veloclty. Many previous tests for other
purposes have shown the constant to be about 0.92 as
obtained in this test. The value varies but slightly

for the range of veloocities generally tested in this
tunnel. The distribution ies always a ligstle higher
at the left side of the section than the right side
(looking downstream) as ifillnstrated by figures for
Test 1.

Test 2. §¥ood Ae bestruction 3% ft, Nownstiream
[ p_of | }_Tube.

467 475 439 496 489
501 542 548 579 561
516 542 342 554 354
459 475 475 481 324

Mean velooliy at section ........s 515 ft. por win.
Velocity at centre of section .... 545 * * ¥
“‘.o Wn't”‘ LI B BRI R O N I T N A 0.“ L - "

Test /
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1o imataeas of ‘TIp O Fitet Tebs:"

475 496 489 501 501
501 538 562 554 548
516 . 533 538 333 561
489 467 460 467 523

Maan "l.c‘t’ WRhoaseevewa 5‘3 f‘c m d'.
Qentre velocity ......... . 55 ¢« = »

0”"0 wn.t‘nt LRSS O N 0.%

467 467 467 439 507
510 536 536 554 567
523 523 524 546 573
507 472 453 472 536

Mean velooity ....cvevvvee 515 f4. per min,
Centre velooity sciovcnse " " "

om". WBQM' L R 0.97 ‘ . L

ft.

467 445 435 472 510
516 516 516 536 567
524 510 510 542 579
501 473 435 460 554




Mean VvolooktY ceccceconsven 511 ft. per min,
Centre veloodty .....c.ve.. 513 = @ .
Centre constant Sevesenena s 0.99

Test 60 El d A, Obestruction 14 ft.
Downstr 5 2 oi""

489 445 405 478 542
546 500 475 516 585
536 439 453 507 535

523 445 397 445 554

Mean veloeity .......... «s 511 ft. per min.
Centre veloocity ....... v &b " " "
Centre oonstant S8veasasese ‘olo

T . « _Obstruction 9 in.
T T sl Wi Fiist Tate

307 446 304 300 597
563 489 335 524 638
573 439 298 500 670
580 460 183 460 638

Mean velocity sevee.... i 522 ft. per win.
Qentre veloodty scevecnsee 36 o . "
Centre constant ......... « 1.47

Tests 2 = 7 show the centre constant to bhe incoreased
as the obstruction is bronght closer to the measuring
section. At a distance of 3} ft. the centre constant
i® 0.94 as agninet 0.92 for the clear tunnel; at 9 in.
the constant is 1.47, vhile at 2 ft. it is practically
ani ty. The effeot of the obstruction as it comes
closer /
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closer to the measuring section is firet to proeete more
iniform distribution, but when the Adistance hecomes
shorter than 2 ft. the distribution beoomes more and
more uneven. Figs. 19 to 24 show the distributions
for thess tests on a horizontal plane across the centre
of seotion,

The introduction of the obstruction natorally reduoces
the flow helow that of the eolear duot. it ahould be
noted that the mean velpoity as obtained from the 16
sub-section values while the obstruction is in the
tunnel does not vary by an amount that is of practioal
importance until the obstruotion s lass than 1} ft.
from the seotion.

Jest 3. _ @peed batruction 3 f%.
pownsireanm ol Tip of Fitot Tube.

343 388 393 401 410
401 446 453 461 446
414 436 446 414 468
406 338 378 388 430
Mean velocity .i.ccevncscace. 414 ft. per -ﬂ:.

cant'a '010011‘:’ «Bevs s oo rs s 449 [} L
Centre conatant ....cccovsc0a 092

Test 9. 8peed B. Oh’truotton 2 ft.
wnatream of Tip o Tube,
378 397 358 397 422
430 430 446 453 475
430 430 430 453 497
430 388 370 405 472

Mean velooity .....vcvv0i0000 430 ft, per min,
Centre veloodty ............. 438 " L
Oﬂl". Wn.tmt ¢ % % v s f a8 % s vy 0.99

WL A e e
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t 10. . bs ft.
foe :;%ast:ii% of Tip 2[ §i§§§ 555%{'“"

442 365 315 405 457
438 410 361 449 527
479 401 326 442 543
468 361 280 378 442

Mean velooity <.vacces. PoPEEEE . B y.t -tn.
Centre veloolty ......... Py }43 .
Centre constant ......6¢0 sond | EelT

Tests 5 - 10, with fan spesd B lower than speed A,
show the centre constant to behave as before.
¥hen the obstruction is 2 ft. downatream of the
mweasuring section the value of the constant again is
about ungty, while, for a distance of 3 ft., it has the
sane value as for the clear duot.

I!!EE%;; re:l'Gg"gk"5$!§%%§%!¥§gg; :
262 262 245 262 262
286 310 310 298 298
298 310 310 310 310
286 375 275 275 298
Moan Velooity cicecrciveces 287 ft. per mln.

Centre veloolty ....cvvcuene 310 » .
Contl'e mn.tm‘ (RN RN RN 0092

Tent 12. /
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Test 12. ed C. betruction 2 ft.
. Downsirean of 7 !xz.szg PItot Tube,

262 245 245 262 275
298 M6 B6 236 298
310 286 286 298 320
298 274 245 245 298

Mean VveloOodtYy ....cvovecncvas 233 ft. per wmin.
Gﬂtl. VOlOOlty Seepaessaneea ﬂ6 ‘ " "
c.lltl'o mn.‘mt « PP e nEe SN DS 0099

Test 13. dpeed Obstruction 4
fowmsirean of %IE ol E!!og Tube.

275 245 234 245 286
298 293 275 286 310
310 286 262 286 341

310 274 234 245 298

Mean veloOIty ecccovvonncvns 26; tt. por mln.
Centre velocdty ....cceeesve
Centre oconstant ....coc0v. ¢ 1408
%TQE_W“

262 298 A2 245 _360

35 275 23 274 369

316 262 185 203 341
Mean veloofty ...cveecvesves 292 ft. per min.
Oentre velocdty ...covveseee 207 © . »
Centre constant se..0000 oive Bedl

_ Moyl St




Testa 11 - 14, at the low fan speed §, gave results
for the centre conatant almost ifidentical with those of
the previons tests.

!gggs, !gr!qn 2:

This short series was carried out with the same
obstruction but with a lower speod and with the centre
constant of the clear tunnel altered a l1ittle by
placing an obatrnotion some diastance upstream of the
measuring section.

Test 15. Speed D, DHuot Clear of Obstruction.

148 148 140 165 146
153 175 183 184 173
135 183 183 177 In
157 152 147 147 157
Moan VOIQOARY  ciscvisvsossisonce 202 tt. por nln.

Centre veloCity soccvvcvsvcancase ‘8
c.n‘r. “n.’.nt PR 400 606 Paw s e o o.

Test %6, speed D, _ @b i ction 3 ft.
o yne !!!ll.o ) u . mo o!';g! :

142 140 130 145 137
149 171 176 185 171
160 : 164 168 163 180
160 142 137 142 153
Nean VOloOAtY sccccveonscensnens 156 £85, per -ln.

Centre veloolty cc.civveevecnees 172 @ "
Centre constant «cccevcvvsvscese 0490

Test 17. /




Test 17. dpeed B Qbstruction 2 ft.
Bownstiream of TIp of Pitot Tube,

141 137 137 145 149
157 161 157 174 180
156 160 157 166 177
149 149 149 141 160
Mean veloodty .......coev0ee 156 ft. per min.

Contre veloodty ..cocvvssese 157 % w0
Contre oconstant ....cc0000000 1,00

Test 13. peed D bstruction 9 in,
_'153%%35 eaw of Tl og Fitol Tube,

160 125 113 135 164
169 146 125 155 185
177 147 164 139 194
178 140 96 143 187
Moan veloclty «c.ccvvenes eso 160 ft. per min.

Cantre veloody ¢ov.vvveonse 114 * .
celltre Wﬂstm‘ 8 e osp e o o 1040

The tests of this series again show the centre
constant to be about unity when the obastruction is
2 ft. dowmnstream of the measuring section.

Tests /
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nlt'o M!‘Q!J&

A third series of teacts was carried out in a manner
similar to those of Series 1, but with an obstruction
3 s, wide, 6 in. deep and the full height of the
tunnel. The obstruction was placed in the centre of
the section of the tunnel with the 3 ft. side normal
to the flow so that 507 of the area of the section was
obstruoted.

st 1. Pan Speed A, batruction 4 ft
tr 7 .

384 402 402 413 413
434 464 474 474 464
464 474 464 464 474
434 413 402 413 444
Mean velochty s.cevveecenen 439 £%. per win,

Centre velocity «....cv0vi0e 469 ® » "
Centre constant ........... « 0.93

st 2. n Speed A. hstruction 4
L TR T T T
396 334 384 396 423
444 435 455 464 474

455 444 REZH 459 492
434 407 390 402 455

Moan velooldty eccovcvcccnrnne 437 ft. per wmin.
Centre velocity .covveivcacns 4 " " *
Centre constant ....cceoovas 0.95

Test 3. /
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est Fan speed A. batruction 2 ft.
it wnetr L“ﬂLo, Iftot Tube.

423 360 360 373 402
487 4ot 429 439 501
501 423 407 439 512
492 385 348 373 483
Mean velooity ........... 440 ft, per nln.

mﬂ". 'Olﬂott, 2 ae 0V e 418 ‘
Cﬂlt!' “MM' LI B A I l.°6

Ten _ﬁgmﬂ__ Resd b _g_?;%g%u;:: rt.

573 348 241 335 531
618 343 276 321 569
618 321 259 348 612
625 - 307 222 276 337
Mean velocfty .......... 462 ft. per -3n.

Centre velocity sevvons e a@;’ "
Centre constant ......s00 1.

The forezoing tests show that,even with the large
obatruction, the centre constant iz practically that
ef the clear tunnel when the obatruction is 3 to 4 ft.
dowmstream of the measuring section. The value of the
constant when the obatruction is 2 ft. dowmstream of
the section i& practically unity as with the smaller
obatruction in the flrst series of testes.

Two further tests at lower fan speeds were made with e
same obatruction at 2 ft, dowmstiream of the measunring
sectiont~



241
268
250 212 212 232 268
250 189 I 189 256

Moan velocity «...cccvcc0es 230 ft. per min.

Centre veloolty eecscveinne 217 L "
Qan‘f. Bonﬂtant [ B AN B B B S S 005

Test 6. Fan Spoed E. %ht tion 2 ft.
s 53'!!' 'l'leam ;! ﬂgo st :n,o

94.8 67 67 94.8 106

94.8 94.8 94.8 9.8 116

116 9.8 94.8 116 116

94.8 94.8 70 94.8 116
Mean velooity +ec.v... seses 100 tt. per nln.

Oentre velochty socvvvocccee 94,8 * *
0.“‘0 eon.t‘nt ¢tsoe e nsssess @ ‘.05

The centre constant thme maintaing the same value

« approximately unity - with the obstruction at 2 ft.
for the range of speeds tested.

Tests /
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Tests. _ Series 4.

A fourth series of tests waz carried out with an
obstruction blocking 75% of the oross section of the
arifs. This obatruction was sguivalent in
dimensions to 43 ft. by 4 ft. and the full height of
the seetion, and was placed oentrally leaving 13 ft.
width of clear passage at each side.

252 230 219 2338 260
Mean veloodty ecoeerscessses gég f:. per m&n.

C@ntfﬂ Veleott, SO 2808000080 "

Oaﬂtte Wnshﬂ‘ ® 8 " 0 ko9 B e 00 0092

Test 2, Fan Speed A. atruotion 3 ft.
“Downstream of I'ltot ru%a. i

224 224 216 216 264
277 273 273 273 27
251 265 273 273 281
265 246 224 236 281
Mean velooity ......ccceenes ggz f:. p?r n&n.

Centre veloocdty ccceciecenes
00!1"8 Mnatant LR L A I N I A 0.95

Test 3. /




264 204 193 204 264
297 236 236 246 312
327 264 246 264 312
304 236 204 246 327

Mean veloclty ......... canas NS £, per -tn.
Centre velochty cecvecccnnnse 24[ o
Contre constant .,....cc0000. 11

Test 4 seood 9 gbutruotlgn 9 ins,

515 151 136 151 490
345 136 136 180 496
545 151 127 151 409
520 118 127 131 520

Mean veloodty .ovvevvonenns 327 £t. por -t-.
Centre v.‘oo:ty R R R R Y i32 »
Centre oonstant .....c...000 2.48

The results of this series of tests show that,
even with the abnormal obstruction of 75% of the
croes section, the centre constant is practically that
of the clear tunnel when the obstruction is 4 ft.
downetream of the measuring section. At 2 ft. the
conztant ie not far removed from unity,

Test Series 5. /
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Tests., _sSories 5.

The tests of this series were carried out in a
model of a steel-arched roadway representing a cross
seotion of ft. by 7 ft. approximately.

The obestructions were placed centrally as before.

I!_!t | glcl!?’l'mmg! .

Mean 'onctt’ Pevseprse s 323 ft. per min.
Centre veloolty sevrevecnes 3 ) . e
Centre constant ....cc0.00.44 1003

The measuring seotion in thias cmree is near to a
shaped entry and always gives a high centre oconstant.

Mean velocity sevssscceces 364 ft. per min.
CCRfI. V.lOOIty S$esonsenmae 351 " " L

cent’a Oonltln‘ $o e tseo s 1003

est 3. obstruction 3 ft, wide placed
a . Dogggfroaugg! F!f;g Tube.

Mean velocdty ......c..vs. 340 ft. per wmin,
caﬂ‘rﬁ '9100‘3’ B9 599000098 3;0 " " "
Centre constant .....ev00:¢s 1,03

Theso tests again show that, oeven with a different
shape of crossesection and a different gentre constant
for the clear tunnel, the centre constant is about
aqual to that of the clear tunnel when the ohstruotion
is 4 ft. or more downstream of the measuring section.

Qonclusions /




Qonelusions from Teats of Series 1 to 5.

A central obstruction, even up to 75f of the
croms=geotion, and downstream of the measuring
section, does not appear to affeot the centre
oconstant,at 1east for the test velocities 200
to 500 ft. per minute, Iif the obstruotion is at
a distance greater than about 4 ft. from the
measuring section.

It mould appear that if an obhserver holds an
anemometer 4 ft. upstream of himself while standing
centrally in the roadway, his body will have 1ittle
effect on the diatribution. The obstruction caunsed
by hie body will, of course, tend to reduce the
quantity flowing, but the reduction will he slight
mless the space is very confined,

Iin routine measurement of air speeds in mine roadways
it is common to hold the instrument at the centre of
the roadway. This is suspected of faleely augmenting
the airflow, If the inetroment is less than 2 ft.
from the body, a low value is likely to be obtained.

In the forogoing tests, when the instrument is about
2 ft. upstream of the obstruction, the centre veloecity
is about egual %0 the mean velocity.

Tests. Serles 6, /
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Teats. Series 6.

The effect ¢f an obstruotion placed at the side of
the tunnel wae next investigated. The prooedure was
as demoribed for the tests of 3eries l., the obstruction
being 15 ins. wide as in that Seriea,

Test 1. eed A, Obstruction 4 ft.
Bownstream of 0.

457 493 493 %472 426
493 564 564 545 507
500 536 545 545 514
479 479 479 486 479
Mean veloCity «..ccocveeccen 540 ft. per min,

Centre velocity ........... s 554 " ity
Centre conatant cecvecesveone 0.92

Teat 2. Fan Speed A. Obstruction 3 ft.
" Downstream of %!iii Tube.

486 507 507 486 414
530 570 582 567 479
527 552 555 558 493
493 493 493 500 457
Mean Veloodty sicvcisiecnnes 507 ft. per -2-.

Centre velocity scccovvvnnnne 5 " "
Oontra Oonltan‘ Se e e e 0089

est 3. g%n Bpeed A. _ Obstruction 2 ft.
Downstreum of Pitot Tube.

moB B % s
2 5 ;
545 535 538 ;Z7 434
340 520 520 507 418
l ® % e v oP s " 2000 ft, 1 ®
gm':evgggéit ® 0 0 0t e s 00N e %. pgr m‘n
Centre constant ....... cesnee y




538 657 652 611 331
619 636 646 614 331
591 588 538 564 309

Mean velooity ...covancnns 2:2 ft. per win.
Centre velocdty .crvcvevas 80. " "
0‘“". OOHOtant 2o oW e 0.

Further testa were carried out at fan speeds B and C.

Test 5. _ Fan Speed B, CObstruoction 4 ft.
ﬁiinnt?giirﬂT'?T?E?”?EBEZ’g"A__"'

uo.n 'eloclty AR B PEPINSN 422 ft. pef Hlno
Centre velocdty .c..co000e0e 457 * &% "N
Centre constant .......... 0.92

Test 6. Fan Specd B, _ Obstruction 3 ft.
Downatream of rPltot Tube.

Mean veloodty .cesvevscece 424 ft, per min.
Coentre veloodty cecevsensee 475 # » .
Contlc condtant .,..ecv0000 0.89

".‘n 'OlOOi" e asmsnreenne 431 't. Pel .‘n.
centre veloolty c..c.v0ec0c 498 ¢ 4 "
oont'. Oonﬂt&nf T S RN I S 0087

et 8,  Fan Speed B,  Obstruction 1 e,
L “Downstream of Pltot Tube.

Mean velocity «c.vvevevese 439 ft. por win.
OGﬂth 70100137 S 6 &0 08 0o 533 ' ' "
CCn‘l. °°n.t.nt LEC R I AR S B 0. 1

Test 9, /




Teat Fan_speed C. Obstruction 4 ft,
%ovulfrosn of Fitot Tuba,

Moan veloodty .s..cvvceiinecons 267 tt. per nln.
Gﬂﬂtt. VBlOO!ty @ e 20 % e e 2s R0 292
C‘ntrﬂ Oonlt8n$ B 2o %68 99098 o 0092

Test 10, _ Fan 3peed Og-ttuctlon 3 ft,
: BB

Eean volooity eo..civcvnnanne ﬁ«‘ ft. per win.
005‘70 'QlOOlty L A R B B R Y 292 ' " .
Centire constant ....civcccevee 091

Teat 11, an Speed Q. Qbetruction 2 ft.
T Downstresm of Pltot Tube,

Moan VeloOLtY ccccvsccrccseces 269 tt. per utn.
Centre veloofty .soveceevsvccas 30 "
cﬂﬂt[e Oonﬂtan‘ Qe 2T 0 80P v 0'

Test 12, ¥Fan Speed C. __Obstruction 1 ft,
Hownstream of Fitot Tube.

Mean "lootty R R I R 2?0 f‘. per ﬂ‘u.
Gentre veloclty .cccocvvvccnna 341 ¢ "
Centre constant cs.ccovverescane 0.79

The 15 in. wide obstruotion, when placed at the
#ide of the tunnel, is shown by the tests of Series
to cause a reduction in the centre conetant for all
positions closer than 4 ft. to the measuring section.
At 4 {t. the con2tant 1e the same as for the clear
tunnel.

Tests. Series 7. /
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Tests. Series 7. ‘

A final seriea of testo was wade with the 3 ft. wide
obastruotion (obatructing 504 of the section) placed
at the side of the tunnel. %

Test 1. Fan Speed A, Obatrunction 4 ft.
Pownstroam of Pitot Tube,

Noan veloOlty .ciccvrevcescescnss 423 €8, por ntn.
466 ¢

Centre velochty ...cvecericecsnns
cent,e mnamt L B S I S A I 009!

Jest 2, Fan agggd Be gbatrncttgn 4 ft.
nownss -] D0e
éﬁ £t. pﬂ: ﬂ‘no

RORR VOIOCARY oo vsnsnvvebunss
Gontr® valoCdty .cccvvvvenvcerana
cﬂnzlo Onﬂ‘lnt £ 4 90 60 » 08 200Nl

Test bctru t

Mean veloelty ssesesssrsarscsnns 213 ft. per win.
2} L] L] ]

O.ntt. VQ!OO“, LA R B O B A
Cmtl‘e ant‘nt L LS B I I B I A ) 0.%

The 7 ft. wide obstruction at the =icde of the tunnel
section and 4 ft. downstream of the measuring section
reducer the centre constant by about 0.02 which e a
negligible amount in routine wmine air weasurements with

velocitiea up to 500 ft. per minute.

Cheoks with Anemometar.

The foregoing tests, from Serfes 1 to dSeries 7, with
the obatruction at 4 ft. dowmnstroam of the measnring
section, were reopeated with a vane type anemometer.
The resulta obtained weore in agreement with those

obtained with the pltot tube.

Genaral Conclusions./




General Conglusions,

The tosts in thia investigation were oarried out in
a straight alrvay with no obstruotions upetream of the
measuring section, and the results probably can only be
applied to similar conditions. Alr measuresents in
practice, however, are ususlly made in strajight airways.

#o far as the testa go it may be conoluded that, in
routine mine air measursments and with the ohserver
filling up to 755 of the croes-section, the distribution
will not be seriously affected at the seasuring
fnatrument {f the instrument {8 4 ft. or wore upstream
of tlhe obsaerver's body.

gquite contrary to common oplnion, a central stance
in the alrway ie better than a side stance as the
dfstribution ressine normal closer to the obstruction,
espoecially as the obatruction becomes a large
proportion of the croase-section.




Pressure Losses in Fan bDrifts.

The results are given of a test for pressure
los® in a fan drift,
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Pressure Losses in Fan Drifts.

line fans are connacted to tho upoast shaft by
tunnels or ‘Ydrifts', These drifts include one or
wore bends or elhows and often they are of considerable
length. The atir aspeed in the drift is high « usually
consfiderably over 1000 ft. per minute., The bulk of
the surface leakage, which is often unnecessarily high,
takes place at the air lock on the npcast shaft and
therefore travels the full length of the drift.
It ocourred to the writer that, in the case of lengthy
drifts, and paritiéularly where there was a heavy
surface leakage, the pressure and power losas in the
fan drift wight be meriously high. An opportunity was
therefore taken to onke a test on a drifs.

The drift and the method of testing are flilustrated
by figure 295,

The Askenia minimeter was used in conjunotion with
pltot tubes. Une pitot tube was placed in the drift
13 ft. from the fan inlet, The second tube was
lowered into the shaft to a position s short distance
below the entrance te the drift. Both tubes wearo
connected to the minimeter by lengths of rubber tubing.

The results obtained werej-

Water=gauge ventilating mine .,... 4.5 ins.
Water-gange drop on drift ,........ 2.12 "

This givesi~
Wateregauge losa on Arift = 4 of ¥.G, on mine.

The winimetor was replaced by the recording baregraph
type water-gauge comnonly installed to record the mine
water-gaunge. The conneotions were as shown by fizure

25. A similar result was obtrined, as shown by the
record in figure 26,

Thie /
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This flluatrates a wasteful source of ventilating power
which the writer belleves exiats at sany collieries.
The power expended here in passing the aly through the
fan drift ie 47/ of the power developed by the fan.
Angther drift, in poorer condiiion as regards length,
was teated in the same manner and slowed a conaiderably
higher proportion ¢of the power to bLe oxpended in the
drift.

It is often stated that the installation of a new
fan at a mine haa resulted in the cirenlation of the
same or greater aiy quantity with a lower water-gauge
than the replaced older fan, This 19 not necessarily
due to any particular supesriority of the new fan, hut
iz often explained by a better fan drift,

Fan driftis should be slort, as sirafight as possible,
and of ample crosa=section particularly when long.
A curved entry or connection to the shaft has bheen
suggested and wmight effect a conaiderable saving.

Leakage at the air lock is extremely wasteful, more
especially 1f the drift is long. A leakage of 107 will
increase the drift veiocity by 104 and the pressure drop
on the arift hy 214. A leakage of 204 will increase
the pressurc drop on the drift by 447, while a leakage
of 4l.4f will double the fan-Arift loss.




Practical Yentilation Problems,

An account is given of some practical ventilation
problome undartaken by the author in the course of
bis investigations.




37

Yentilation Problems.

The following is an account of ocertain problems
in the practicel ventiletion of mines undertaken by
the author.

Frohl en ! %

earrangement of Ventilation of a Calliery. RNeferring
Eo the sketch plan, Flg.27, thore are three main
ventilation distriots, A, B, and O. bistricts A and B

have relatively low resistances and reguire to be
regulated,

Most of future davelopment work will be done in
C and it 12 neces=ary to inerease the ventilation
considerahly in that district, To improve the
ventilation it is decided to drive a surface mine to
reach ths seam near the present houndary of Alstriet C.
The problem is - Should the new mine be a downecast or
an npeast?

It is stipulated that the new mine should pass
80,000 cu.fte. of air per minute. Ventilation districts
A and 5 to take altogether 52,000 ocu.ft. per winute.

A connecting mine to be driven hetween B and C to take
12,0060 from new surface mine {f a downcast, or deliver
the same guantity to the surface mine {f an upcast.

As seen frow FPig.27, the present arrangement has
three downoast shafte, Nos.l, 3 and 4 Pits, and one
upoast, Ko.2 Pit,

Ventilation Survey. A preliminary ventilation survey
of existing conditlions wag made. FPressure Adrops were
measured with the equipment already described for
determinations of Atkinaon's coefficient of resistance,
l.0., Askania wminimeter, N.P.L. pltot tubes and a
length of rubber tubing to stretch the test lengths.
Alry velocities were measured with the aid of an
anemometer, and cross sections were measured by
photographic methode for the important airways, and by
radial arm method for others,

The /
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Jable 2 Ventilation Survey Data.

Station. Looation, Press. Drop. Total Press., Average Resistanoce,
. . L3 H“.o ¥.G. Ins. =.G. gﬁ"“o Atkinsons.

3 P1t Bottom . 0.2632

w uo.a u.H. .up..w.n—r :»no o.omw m. wwum 18,000

. : °- -.u! 8 . 50 o. . ’

4. K 2 M.H. South Mine o_.wwwm : 0. 3960 20,000

m. In from No. 3 Pit

. End of South Mine 0.0185 0.4145 3,000 8.7
8 Through No.2 Doors to :

No. 4 Pit Junction 0.1099 0.5

8. 60 yds. E. along split o.mwﬁ 0.

9. mm..-a. A 0.1115 0.58702
10. yds. E. from A. 0.1134 0.
11. Corner B. 0.0827 0.8681
12. 10 yds. inbye from corner 0.0.0745 0.9426
13. 8 yde. inbye from corner D. o.wmwu 1.1019
13. 10 yds. inbge from corner E.0.1665 1.2684
15. 3 yds. inbye from end of

¥o.1l Return 0.1827 1.4511 12,000 118
16, .ww M.H. on No.l Return 0. 2089 1,6599
X2, N.H. on No.l Return 0.1143 1.7742
18. 10 yda. from overcast on
No,1 Return o.omum 1,8431 16,500 40.6

19. 25 M.H. on Mailn Return 0. wu 2.1537
20, 17 M.H. on Main Return 0. 2700 2.4237 .
21. N.=side of No.4 Doors. 0.0990 2.5227 23,000 a4
23. No,~slde of No, 3 Doors .
R. uol.ﬂ‘. o* zo.u gcn.- ”.owmu
M. Corner P. 0.1793 2.6703
26. Junetion of No.2 Return 0.0952 2,9655 - 42,000 4.7
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The dates of Table JI. wore obtained from the survey.
The reeistances beoetween the various stations are given
in Atkinsons according to the formula,

P = pg*

where P = pressure drop in 1b. per sqg.ft.
_ R = resistance in Atiinsons
and 1§ = rate of alr flow in thonsands of cu.ft./sec.

ﬁ;ﬂkn‘og. Gpportunities were provided for testing
) enkagen.,

hafts. A Leakage of 9,000 cu.ft. per minute ocourrod
%a'iwom shaflts Xoe.l and 2, This seems large, MWt
perhaps is not excoessive in view of a watoregange of
4% inas. acroas the shafta,.

Eg%;u. Trap doors were found to give leakages
etween 1,060 and 4,000 ocu.ft.por minute according
to the atate of repair.

Loakages at doors are often not roaliana. The writer
found photogzraphs, as in Pipg.29 and

aef fective in 1llustrating the ’att—tlgﬁtnoss‘ of
doors az founsd in gractioe.

%!;-%;guggngs. A '‘natural' type air-crossing showed
@ large leakage of 9,000 cu.ft. per minunte. This
type of air-croszing s often rocommended for ita
alr-tightnesr, hut very often it proves ineffictent

due to breaking and fissuring of the strata. Other
oroasings gave leakages 2,000+4,000 cu.ft. per minute.

gggaoa iine aa intake, With the nev mine as an
! tak re will be four downcasts = the mine with
- shafts Nes.l, 3 and 4 - and No,2 shaft as the only

apoaat. A new faa would be regquired at Xo.2. shaft to
oopo with the new guantities.

The main raturn airway from Platriet C. wonld be
aa at prasent. Conzldering only the returns fromwm
the present extremity of Matrioct ¢, 1t would reguire
3:43 ine. of water-gange to pass the new guantities,

New /
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Station. Location. ‘ Press. Drop. Total Press. Average Resistanoe,

- Ins, W.0. Ina. W.G. Quantity. Atkinsons.
w . ' Pit Bottom | v 0.2632 y
2. 'No.4 M.H. South ¥ine o.cBM 0.284 18,000
uo :o- ‘.’. 8" .B.n—. o.o Onu
4. No. M.H. south Mine 0.0659 0.39 20,000
.m. Intake from Ne. 3 Pit
. End of South Mine 0.0185 0.4145 3,000 8.7
1. Through No.2 Doors to
¥o. 4 PAt Junctionm o.pomm 0.5244
8. 60 yde. E. slong split 0.0361 o.mmOm
9. Corner A. 0.1115 0. 6702
10. 60 yds. E. from A. 0.1134 o.mm 4
11. Corner B. 0.0827 0.8681
12. 10 yde. inbye from corner (.0.0745 0.9426
13. 8 yds. inbye from corner D. 0.1593 1,1019
ww. ww wu-. w v«_o Mnou oomsow E.C.1665 1.2684
. i n e IOm en (o] 4
No.l Return 0.1827 1.4511 12,000 118
16. 43 N.H. on No.l Return 0.2089 1.6599
ww. M.H. on No.l Return 0.1143 1.7742
. O yds. from overeast on
No.l Return 0.0689 1,8431 16,500 40.6
19. 25 K.H. on Main Return 0.3106 2.1537
20, 17 M.H. on Main Return 0. 2700 2.4237
21. N.-side of No.4 Doors. 0.0990 2.5227 23,000 24
22. 8.-side of No. 4 Doors. 1.7596
23. -No.-side of No.3 Doors
24. 8.-side of No.3} Doors. 2.0528
25. Corner F. 0.1793 2.8703

26, Junetion of XNo.2 Return 0.0952 2.9655 42,000 4.7
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gurface ¥lne as _a Return or t, The new wine
a8 an uponst wLuIa Tequlre & new fan (oxhauating) at

that wine teo work in oonjunction with the fan at No.2
ahaft, the three downeast shaft renuining as before.

Considering the intakes from the downcaats ahafts
to the extremity of the present morkinea in nistriot
4, n water=gauge of 1.66 ina. is reguired for the new
gquantities. Yence 1t was dectded to wmake the new
surface mine an upoast.

g%r Pgtribution vnder rrgpgg%g Scheme, The redesizned
ciroult for the new surface mine as an upoast 19 shown
by Fig. 2HBa.

The solution for the air diatribution in such a
network by Kirobhoff's lnws becomes very invoelved.
Firohloif's laus ave relatively easy to apply to
electric ofiroults since the first powvor of the current
only is invelved; for air=flow cirouits the square of
the ourrent i3 involved and this leads to rather complex
eguations for sftwultaneous solution. The writer found
that gquicker sclutions could be ohtained by a method of
trial and error asaieted by grapha, For theo various
loops in the network graphs of pressure drop on a ba
of atrflow were plotted from the rolationship F = R §5,
To facllitate the plotting of these graphs, valnes o
log P agoinat log(iQ?) were plotteds These give
atraight lines so that two points were sufficient to
dotermine the lines.

for & specified nuantity in one loop of the network
the preasare 4drop 18 known and, frow this pressure
drop, the distribution in all loops in parallel witk
the firet locp 1is easily detormined frowm the logarithmic
graphs. The dlstribution worka out as ahown in
Ft;o@ﬂo

Extended Workings, 1t 13 neceasary to catiante the
waiort-gauge st horse-power roguirosents of the new
fan to be Installed at the surface mine to deal with
the fully-developed workings in Metriot C. A diagram,
Fig.38b, shows the possible conlitions 10 years henoe.

Aly /




Figo 28&.

: Figi 28bo




PENETRATION OF LIGHT THEOUGH SPACE AT BOTTOM OF DOON.

If the dcor were airtight, the photograph would be
entirely blaock. This photograph was taken shortly
after the door was eraected,

— F12.29,

ERETEATIVE U LIGNT_TUNDUGE_AN_ULD DODR.

. —— ——

Fig«.30.
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ALr_to_New vinei-

ﬂist!‘ct B L T S T A N lg,aeﬂ ca'rt.
No.l Pit Mistriet ........ 28,600 " *

ﬁ@og P‘t G s re buosRENSs O E -.606 | ]
u‘.} P" R R R R R 19’800 " "
B.l4 P‘t LI IR AR N R " "

80,000 » *

Preasure drop In New Mine. The wine to be arched 12 ft.
x 10U Tt, ang to be §3§’T§ihons in length., Atkinson's
coefficient of resiastoance is assumed to be 0.006,

FegS QY ad

- 0.006 x 250 x 6 x 38.9 x 802 / 104.53

® 1.95 1h. per sg.ft,

» 00376 inches ¥.G.
Fressure Nrop on foadwn Di= The ro=istance of
780 yards of exlsting haulaze road is 13.5 atkas,
Henge resistance of AD (500 yarda) 13 13.5 x 506/75
or 8.65 atka,.
Froasure drop for 40,000 cu.ft. » 3,54 1b./mg.ft.

8 0.74" 9.6,

The return will require the same water-gauge.

loads from Maln Intake and Reurn to Fages PE, eto,

Lenzth of these roadways say 30 yards.,. Reaistiance is
3/5 of 8.65 or 5.19 atks,

Preszure drop for 15,000 cu.ft. o 9,062 tn. ¥.8.
The return will reguire the same water-guuge.
¥a - The resiastance for the face is agsumed to be
% Atkinsons whioh was found to be an average foy faces

in thie district. The quantity 18 7500 ou.ft,
This requires a pressure drop of (.09 in. water-gauge.

Total /




-4‘-

Total Pit Wator-Gauge,

The total watere-gauge tc be developed by the fan
was found by three moethods; the firat purely
theoretioal, and the other two from practical
conaiderations.

mﬂt_!gtbfﬂlo

Surface to present extremity of workings 1.66 ins.
Hlln intﬁkcﬂ and totﬂfﬂﬂ @ e P e s s RO RERE Ve R 1.48 bt
8ectional intakea and returns se..c0.... 0412 *
FQOO O3 8 % 9 08 s 298 Ees B ey ee T eSO s 0.09 o
Ke'.lne L T T R N I N I I Y T 0037 "
Pﬂn df‘f‘ (3BﬂuGOd) @8 & T 0 0 8 e 0 e 8B E s 0B Oilo "

Total water—gauge . 3.83 ¢

3econd Method,

Assume that the fece-road conditions remain as at
present, low and restricted. The present water-
gauge to pass 15,000 cn.ft. round the face area is
1 in.; the guantity is to be incrensed te 63,000
cu,ft, and aliowing leakage the actual ounantity
reaghing the faces will be 34,000 cu.ft.

The water-gauge regquired will he 1 in. x
(34,000/18,000)2 or 3.57 ine, The total water-
gauge becomesi=

surface to extrowlty of present workings 1,66 ins,
Faoe and f&o. roadl 02208200000 unetsPeep 3057 "
Extensfion of vain r08d8 cecervivvsnceese 15 #
NO' ﬂ‘ne ® S ¢ & &0 29 % 3PS OL TN P A E SN Y 0.37 '

F‘n ﬂ'if‘ ® 9 ¢ o 8 08 PR R L LS00 RO P E PSRN 0:10
Total wateregauge F.85 ¥

Third Methed,

The distance between the foot of the main intaice
mine and the extremity of the preosent workings is=
approxisately the same as the distance bhetwean the
present extremity of the workings and the uliilmate
boundary. The water-gaugze aoross the doors at the
foot of this wine is 2.23 ins. From this the ioial
water«gauge may be estimatod as followsge

Surface /
e e T e e ~




Surface to present extremity of workings 1.66 ins,
Extended Work!ngs L BT S T S P R 3023 "
n" m‘ﬂe B B 8 &5 ¢ 9 e 8 s 0 EA T O RN TER S e 0.37 .

rm d’ttt L B0 B BE B S BU BN BE N B BE N T U NE N B LI RN N B R N A g.lo L

Total water-gaunge 4.35 *

As the responzible mine managewent stated that the
foce ronds would be enlarged to a reasonable saize, the
eatimate by the second wmetho? could he diaregarded.
Thisa leaves a choloe of 3.87% ins. or 4.35 fns. ¥.G.

A wmter-gaunge of 4 ins. wae actually adopted,

\ctual flesultis. 8ince the forecoing work was Jdone,

e tew surface mine has beon complated and the new fan
tnstalled, The auxiliary mine from Dstrict B to
dpistrict C has not been completed at the time of
writing. A tost of the new fan showed it to be
passing 30,000 cu.ft. of air per minute with a water-
gauge of 3¢ ins. The eatimated wvalue of the wmatere
gange for the stage of the workings at the time of the
teat was 3 ins, This 18 & in. lower than the test
value bui the disorepancy is explained by the abasenoce
of the new auxiliary mine.

g¥%%ents, The foregoing problem fillustrates the
ut ¥ of ventilation surveying when any major
rearrangesent of the ventilation of a mine is
contemplated, before the above survey was made, the
managenent of the colliery were strongly of the opinion
that the new surface mine should be an intake (or
downocnst) for lowest resiztance to distribution to meet
the increased air flow,

A venifilation survey in such ocases givea definite data
to work upon and enables wore sccurate ecattmates to be
made for fuilure Jdevelopmenta.




Problem 2.
Economy of Widening An Upcast Shaft. This problem
was concerned with the economy ol resinking am upoast

shaft with a viewvtosaving in ventilation costs. Would
the saving in ventilation costs by reducing the resistanct
of the shaft justify the outlay in resinking?

The upocast shaft from the surface to seam  was
rectangular, 13 ft, x 10 ft., with wood lining.
The lower portion, from C to the bottom, was a later
deepening and was circular in form, 20 ft. 2 in. in
diameter, and concrete lined.

The proposal was to resink the upper portion to
20 ft. 2 in. diameter throughout, and to line with
concpete.

ntilation Survey of Shaft. It was necessary first
o make a ventilation survey of the shaft in order to
obtain definite data regarding itas reeistance.
Fig.31 illustrates the method of carrying out this
survey. The Askania minimeter was used in oonjunction
with rubber tubing and pitot tubes. The rubber
tubing was fastened to the winding rope and let down to
different levels in the shaft, In this way the
pressure drop was obtained over different sections.

The N.P.L. pitot tube waz found vnsuitable due to
the amount of water in the shaft, The static and
total pressure holes were liallle to be choked by water.
8pecial tubes to be constructed.

The quantities of alr paseing in the ehaft were
measured in the fan drift and at the inaets of P and C
Sections.

The following results were obtainedi-

Section Fressure Drop. Average Quantity
Surface to B. 2.56 1b./sq. ft. 93,600 cu.ft.

B to C G.282 ¥ " 73,600 % ®

Atkinson's /
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Atkinson's Coofficient of Resistance for Shaft,

The data obtatned from the shaft survey gave the
following values for Atkinson's coefficient of
resiatance,

deciion. _Atkinson'as Cpefficient (K)

surface to #. 0.0245
B % C G.0210

o u= o

The write is unaware of any published values of
‘%' for rectangular shmfts, fle i of the opinfon
that the values obtained in this case are muech higher
than is comuwonly reckoned for such shafts, Indeod
a value of 0.01 is commonly conasidered high for zost
wmine atrways. ¥hen one considers the obstruction by
buntons in rectangular shafts, a such higher value of
tK' fa (0 be expected than in underground roadwaye.
The buntonas are in positions to oreate greater turbuleno:
It ia to be suspected that in any ahaft fitted with
rigid ocondunotors for the cages & fairly high value of
‘€' ghould be adopted evem Lif the abuft ie 'sacothelined’

fficiency Igot of fan, As the fan {n oporation at the
mine was retained, it was neceasary to find the
variation in t1ts charncteristics with change in
eguivalent orifice of the mine. An afficiency test on
varied eguivalent orifice was onrried out on the lines
of 2.9, Specification relating to effioiency tests on
mine fans,

Alr Horse=power Costs., Section Surface to B.
With present rectangular atnfti=-

Al? horse-power e 2,56 x 93600/33000
= 7,25

Kilowatt-hours per annum o 7.25 x 746 x x

- 47400

Annual /




45~

Annual power cozt at 2d per kWhr. = £49.4
with a fan efficiency of 60.5f the actual cost is=
4904/.“’5 - ‘81075

When thies section of the shaft le resunk to 20 ft. 2 ine
diameter and ocencrete lined, the pressure drop for the
same air flow, on the assumption that the coefficient
of reetatance is improved to 0.00%5, will be

Pe K8 q2/a3
- 0.005 x 36400 x 93.62 / 318,22
s 0.0495 1h. per anqg.Tt.
The alr lhorse-power will be 0.1405 and the annual

po'gg charge with fan efficiency of 60.5f will be
gt' ]

The aotual saving in power charge for ventilation hy
resinking the shaft over Section surface to B wuald he

81,75 - 21.58 = €80.17
Alr Norxse=power Qosts, 8ection B _to C.

The preasure drop of 0.282 1h, per sq.ft. for
3ection B to C was measured over only 130 ft, length of
this seoction, an? since the actual length was 234 ft.,
the actual pressure drop for the full length {2 -

0.333 b 4 234/130 - 0050‘) ib. per .q.ft.

: The annmual power charge with s fan efficiency of
600_-')‘% is ‘1403.

¥hen thia section Iz resunk and lined with concrete,
the pressure drop for the same guantity boacomes 0.0124
lh. per sq.ft. The power cost per annum with fan
effiolency of 0.5 would be £0.349.

The annual saving would be -

nt‘..} - 206349 = 113095.
Total /
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Total sSaving by lezinking Both Seotions,

The annnal eaving in power coste Ly resinking
both seotions and with the asanme alir flow as at present
would be -

30,17 + 213,95 = £94.12

As future reguirements of air guantities were not
atipulated, 1t was necessary to wsork out the savings
for a range of guantities, For this purpose Table 3
was compiled, The graph of figure 32 was constructed
from this table and allows the saving to be readily
obtained for any guantity of air up to the full
capacity of the fan.

Sapponse, for example, that 125,000 on.ft, of alr
per minate are required and of this guantity B section
requires 25,000 cu.ft, while the remaining 100,000
travels the full depth of the shaft frowm C. From the
graph it {2 found that the saving in alr hdsse-powver
costes are L13.58 fer 130,000 ow.ft, traversing the
mection C to B, and £115.74 for 125,060 ou.ft.
traversing the section from B to the surface. The
total annual saving on air borasspover clarges ie

£115.74 + £18.88 = £134.63

Allowing for tho efficiency of the fan, the total
annnal saving is £206.

Ooncgfgggg. For & guantity of 125,060 cu.ft. of air

pey minute, the anamal ocapital and deprectation
charges for ainking and fitting the shaft must not
exceed £200 1f the proposal is to be ecunomic from the
point of view of saving in ventilation charges. Az no
data were supplied regarding the estimated sinking and
fitting coets, it is imposaible to give a definite
concluzafon here.
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Alr Qonditions in a Deep Rand Mine.

Some data relating to atr conditions in & Rand Gold
Mine are given.




Alr Conditions in » Deep Rand iine.

puring a swsxmer vacation spent in a Band Gold Mine
some investigations were made of the air ¢onditions as
regards temperature, moisture content and total heat.

At a number of selacted atationz in the mine the
wet and dry buld temperatures and harometric preasure
were noted. A whirling type hygrometer was used for
tomperature measurement, and an aneroid for barometric
pressure. The following quantities were ealoculated from
the observed data (Table 4.) i~

1. The amount of moisture in grains per pound of
alr at each station,

2, The total heat picked up by the air neglecting
heat due to adiabatic gompresaion,

3 The total heat per pound of alr frowm all
sources.

4 The temperature variations due to ocompreszion
and decompre-s=ion,

T™he graphs of Fig.33 were drawn from the observed
and calculated data. From theose graphs the following
deductions were pndels

Towperature}

Between points 1 (surface) and 2, the main influences
at work are, priwmarily, the heating of the air by
adiabatioc compression as Lt passes down the shaft, and
seconidarily, cooling due to evaporation of moistnre
in the wet shaft. The former aotion being predominant

causes the temperature to rise steadlly as the alr
descends the shaft.

The marked rate of increase in temperature where
adiabatic compression acts alone is seen between points
4 and 5 where the shaft 1s dry.

Between points 2 and 4 there iz a decided increase
in /
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in temperature due to the workine of electrioal
machinery and, to a certain extent due to the
compression of the alr by fans. These increaaes
could he avolded by passing cooling air for the
eleotrical machinery direct to the return airway, and
by employing exhausting fans instead of the blowing

t}'pﬁo

A drop in the dry bulb temperature is noted between
points 5 and 10. This {s due to ahmsorption of
moisture from the workinge, This temperature drop
increases the capacity of the air to cool by sensible
heat extraction, but decreases the difference between
the dry and wet bulb temperatures. The reduction in
this difference lowers the rate of sweat absorption
and thus lowers the cooling power.

As the alr approaches the end of its journey the
dry buldb drope steadily due mainly to adiahatio
decompraes=aion as it rises to higher levels through
caved ground, This cooling is not benefiotal as the
air has completed its ventilation daty,

Moisture,

Most of the moieture is ploked up in the actual
working places. This is unavoidable so lonz as wet
drilling and wetting=down i required for the
suppression of dust,

Beyond point 11 the swisture content drops due to
the introduction of relatively dry air from another
mine.,

Something like 400 tons of water per day are oarried
out on one ahaft at this mine by the air current.

Heat Increase.

Betweon points 2 and 4 a large ampunt of heat has
been gained from the eleotrieal machinery and fans,

An interesting phenomenon appears between points

4 a?d 5 in Graph E. Here theamount of heat per pound
of
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of alr actually diminishes. Possibly this may be
accounted for by a daily change in weather conditionas.
The reading was taken at 11 a.m. after a night of hard
froet. Thus the shaft walls had been slightly cooled
during the night and were gradually absorbing heat from
the downcast air when the observation was made.

The greatest rate of heat gain s in the actual
working places.

Beyond point 15 the graphs all tend te be smoothed
out. As already indicated the air 1is now in old
workings.

General Deductions. The following general deductions

Rt

are made from an inspection of the grapheje

1. Adiadbatic compression is one of the main
sources of temperature rise. This arises
from the great depths of the wine.

2. The amount of heat given out by machinery is
great but could be dealt with by short
circuiting the cooling air to the return.

3+ A large guantity of moisture as absorbed in
the stopes and development work, This is
mainly due to wet drilling and wetting down
which is practieed in the prevention of
silicostin.

4. The absorption of moisture lowers the dry-bulb
tomperature but deoreamses the differences
between the dry and wet bulbs. This may have
a deleterious effect on the cooling power where
temperatures are high.

in order to compare the gold mine with a coal mine
a temperature survey of a deep Scottish ocollfiery was mad
When the survey was made a hygrometer was not available
for wot bulb readings, while ateam pipes in the downcast
shaft nmade the conditions somewhat abnormal,

The dry=bulb temperatures and depths, however, can be
compared /
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covipared. Graphs of temperature and depths for
the oolliery are given in Fig,.34.
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Notes o:ngcs'[n:lzonood!f;rnc=p:nta among

While visiting a Rand gold mine the writer
collected some notes on pneumonia cases among the
native miners. This iliness among native labour
gives some oconcern to the ventilation staffs of the
Rand wmines.

Tribe Distribution.

The following figures give the number of
cases per 1000 natives of each tribe employedi-

Tribe. P giaos per lgia !.t"iiig;

Natal & Zululand 9.0 2,78 6.3 3.54
East Ooast 736 2.99 55 1.71
Swazi 7+0 2.43 55 3.94
Tropiocal 6.9 11.03 4.3 3.15
Bechmanaland 5475 1.97 4.2 4.87
Transvaal 6.83 0.73 2.8 2.9
Basuto 3.78  1.06 2.4 2.49
Orange F.S. Nil., nil. 1.5 2.55
Cape Colony 2.06 0.62 1.1 0.83
_Average d.47 2.00 _3.26 1.89‘

The diagram of figure 35 shows the distribution
asccording to tribe wore clearly. it i= obwious
that sowe tribes are more susceptihle to pneumonia tha:

others. An attempt is therefore made to recruit as
wuch /



Notes on the Incidence of Pneumonia among Ratives

in_a Rand Gold ¥ine.




much labour as poseible from those tribes least prone
to the tllness., All natives also north of 23 degs.
iatitude are debarred from working in the mines.

Acclimatization.,

The following figures show the susceptibility of
the natives mocording to the period of work in the mine,

Feriod, Qa r 1000 Natives,
- 1935, 1936 1937, 193, i¥erage.

Under 14 days 25.2 8.6 110.2 15.7 15.9
14/30 days 13.6 10.5 10.2 7.9 16.9
83/ days 14:6 14.4 14.6 11.4 13.9

,m days 902 l.sIS 1501 6.1 “03
90/120 days 102 13.5 10.6 18.4 12.4
Over 120 days 2. 394 39.2 4003 35.5

To obtain a graphical picture of what happens,
the total cases per 1,000 natives each month are added
to the total ceses up to that period, thus giving the
total oases against a time period (Fig.36).

From the graph it 19 seen that the longer a native
works in the mine the less liable he is to take
pneuamonia, A system has been evolved to accliimatize
the natives in the upper levels with light work and
fairly good temperature conditions, before employing
them in the more severe work of the decper levelas.

The number of oases reported on eaoh day of the
weok is interestingi-

Day. Cases per 1000 Natives.

1933, 1935, 1937, 1938,

sonday 29.1 27.8 22,7 20,2
Tuesday ‘2.[ 19.2 14-5 lﬁog
Weinesday 16.0 12.5 17.9 15.
Thureday 15.5 15.4 14.5 13.2
Friday 14.1 12.5 12,6 20,2
Saturday 10,2 12.5 15.0 il.
'und" l 09 . g 201 Zo a

The /




o
. =

Percenrage Pogumonia Casks

| 80

)
B

ReporTer

TOO

150

200

LENGTH oFf Service (DAY-S)

2 50

00

= n




- 53-

The graph of 'total ocases' up to any day (Fig.37)
is plotted againat the time interval from the
beginning of the week. A straight line graph might
be expected, but instead, a curve is obitained showing
that the rate of tncidence fe very high at the
beginning of the week, and tapers off towarde the end
of the week. The explanation of this ie that on
Sundays the natives invariably hold a war dance and
drink a great deal of Kaffir beer, with the resultant
effect that they have a low vitality at the beginning
of the week, but gradoally recover as the week
ProEresses.

It 19 not conmidered desirable to stop these war
dances meantime as difficulty is often experienced in
recruiting labour if the native recreation is
interfered with,

Temperature,

It was formerly thought that pneumonia was
contracted mainly by natives who were employed in hot
workings with low air velocities,and were chilled by
coming out into the colder airways. 01d army tunios
were distributed to keep them warwm at the end of the
shift, but the experiment had disappointing resultis, a:
there was no appreciable reduction in reported cases.

Another experiment tried was to inoculate against
pneumonia. This also failed, as in one year, out of
145 oases reported, 67 had been inoculated and 31 had
not. Seven cases 0f those inoculated died, while
thore were only 6 deaths among those not inoculated.

A further point under consideration ig the lack
of sunshine while underground. The natives on the
nightshift during the winter months are much less
1iable to contract the malady than the dayshift. This
is thought to be due to the former getting more
sunshine, and experiments are being tried with
artificial sunlight in the bath houses.
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General Summary of ggnolgnlonc,
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General Summary of Conclusions.

*hile a simple, cheap, light, handy and reasonably
agcurate instrument can be construoted for the
measurement of irregular crose-sections of wmine
roadways either by offeetting or by giving direct
results, the author considers that photographie
sethods are more accurate and are more convenient
and spesady during field work underground.

The smoke test is shown to be unreliable for the
meagsurensnt of low aly velocities. The inagccuracy
increases rapidly as the air velocity becowes lower,
roasonably accurate results being obtained only
down to about 200 ft. per minute,

The smell tost gives better remults and agrees
clonely with the lowerending anemometer down to
speeds as low as 50 ft. per minute.

Korsal traffic obstructions in mine roadways
appreciably raises Atkinson's couefficient of
resistance wvhich, as determined by the anthor
underground, for some modern linings of roadways
shows values that are sowewhat higher than generall)
accepted values. These valuos would appear to be
applicable only to roadways olear of tubs, which

is not the normal condition of a mine roadway,

It would seam that, with traffic obstruoction even
in large modern roadway having comparatively smooth
and regular lining, the value of Atkineon's '®' talk:
at 0.01 is by no means too conservative.

Teats tend to show that, for mine ventilation
surveying, & convenient and entirely new type of
pregsnre gauge based on the vheatstone Bridge
prinociple and employing the varjied resimtance of
oarbon granules by compresaion, is posmible, and
that further research is justified to afford
definite conclusions on the reltability of the
prinoiple.
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In the weasurement of air velooities in mine
airways, the centre constant i3 not serlouszly
affected with the observer standing contrally in th
airway at distances greater than albut 4 feet
downatream of the wmeasuring section. This holds
for ohatruction up to about 757 of the crossge
section of the sirway.

Qontrary to general opinton a central stance 13
better than a stance at the side of the airway
as the diastribution remainas normnl up to shorter
distances fyom the ocentral ohatructtion,

The pressure and power loss im long fan drifts with
bends may bhe much higher than is generally

oconsidared. Alr velocitiea in fan drifts are hich
and Af the drift is long and contnins some henis or
elbows, a considerable watere-gauge may he absarbed.

The losses are greatly augmente? If there 13 a
serious leakage at the alr-locks.

A ventilation aurvey prior to any wajor rearrvangemae
of a ventilation system is strongzly recommended.
The most economiecal distribution can be worked out
and the reguirewents of any new plant can bhe
closely eatimated.

The resistance to ailrflow in wod lined rectangular
shafts 13 very high. A value of Q.02 was found
for Atiinson's ocefficient of restatance in one Gam

A asurvey of air conditions in a deep gold mine
showpd adiabatic compression due to depth,
electrioal machinery undarground, and undergroand
fans to bhe the important factors in raising the air
temperature. Heat from electrical mmchinery
undorground is generally considered to have
negligible effect in raleing the atmospherio
tenperature, but in the case examined it 19 an
fmportant factor, Underground fans of the forcing
type add much heat to the air.,
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