15
x H) has a signi ficant effect on the heat pick-un.
(S¢e Fig. (%) in "The computation of air tempera-

ture increases in advancing stopea"(m").

Case (iii) The wetness factor was varied lceping the VRT at
120”F and the air velocity at 20 ft/min, Vet
ness factors of 0.0 (completely dry), 0.5 and 1.0

(completely wet) were used.

The rcsults (Pig. (2.6)) show that when
completely dry conditions prevail, a veriation in
H introduces a fairly large error, For £ = 0.5
and £ = 1,0 only the curves for 2 x H smooth pipe
are shown, since ‘the three cases are sluost colinoar,
Vhen £ = 0 only convective heat transf'ur takes
place. In nract:ce evaporative heat transfer

doninates, cven when only a small amount of watexr

is present.

2.4 The computer experiment for E

In order to Acteraine {he sensitivity of heat pick-up
to the me.-~ transfer coefficient E, H was kept constant at

twice the smooth pipe value with E taking the value

E = CI
where C was given valves ranging from Co/100 %o 2Co (Co being
he value given hy the Lewis relation) for three differeut
VRT's; viz. 100°F, 120°7, 14C°F. The wetnecs factor was
yiaken as £ = 1,0 and the air velocity as 220 ft/min. The
remaining conditions were the same as those in the pre ious

calculations,

St 2
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As may be seen from Pig. (2.7) the wet buld increase
per 190 £t was radically affocted Dy changes in C and it was
immediately otvious that E would &lso bes sensitive to varis=

vion of the otber parancters.

This was to be expected since a change in C in fact
meant a change i. the wetness factor and with evuporative heat
transfar being dominant, changos in wetness necessarily induce

large changes in the heat pick-up.

Conclusions

By assuming H equal to twice the smooth pipe value the
ervor in the resultant wet v b increase ner 100 £t in the
range of conditions encounterced in stopes, is negligible. In
extreme conditions the maximun error (in the range considered)

is about 127,

By contrast it is imperaive that the valur of the mass
tranefer coefficient E be accurately deternined, as small
errors in this ¢ionstant intsoduce large errors in the rate of

heat pick-up.
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Wetting down in stopes

If dry nmining was possible at the VRT's at present cncountered
in our mines, the emount of refrigeration required to ku.p the air
tolevable would be great)y reduced. However, since the dust
problem is at present being resolved by means of wetting down, it
is desirable to optimise this process so that the best possible
conditions prevail while the working shift is in the stope.

starticra1®

has indicated that et present the converse is in
fact the ease, viz. that by wetting down just before the working
party enters the stope, they are subjected to the nexizum wet buid

tawperatures cncountered during the emture cycle.

In order to determine the most advantageous method of wetting
down, use vas made of Starfield's mathematical model of a stope,
and various different cases werc invesiigated. Since discrete
time elements were used in tbe progran, wetting down was assumed to
oscur instantaneously, giving unrealistically sharp curves. Never-
theless significant trends were revealed by the experimeni:. The
preblems relating to the practical implementation of the difforent

mathods of wetting down were not considered in any detail.

The input paramcters used in all cases were as follows :-

(z) ver : 115°F

(i) Rate of advance : 2 ft every 24 hours
(iii) Air veloeity : 100 ft/min

(iv) Inlet air tempevature : 85/82°F

{v) Face to scattervall : 12 ft
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(vi) Heat source to simulate the presence of broken rock

decreasing from 200 to 50 B/t hr over the first 12 hours
after blest

(vii) Thermal conductivity of rock : 3.0 B’I'U/f*&:2 hr (ol"/ff)

(viii) Thermal diffusivity of rock : 0.10 £42/ir.

(ix) Surface heat transfer coefficiort : U = 1.0 BTU/ft2 1z °F

(x) Mose transfer coefficient : E = 0.11 1b/#t> hr in. Ha.

Wet and Qry buld temperatures were calculsted at a point 300 ft
along the stope fauce.

The puysical significance of the wetzess factor £ is not known.
In the caleulations which follow it was assumed that the wet stope
could be simulated hy £ = 1, while £ = 0.2 reflectoed & gtope which
was not quite dry. It is unlikely that o "dry" stope has a we -

ness factor excesding 0.2(18)

and the results given therefors re-
present a lower bound on the benefits which may be obtained by
controlled wetting down. The "wet" value of £ = 1.0 is not
critical and therefore would not bde a large source ¢f error. (Bee

stareiera(18)y,

3.1 The general analvsis of different wetting down cycles

Pirstly four general methods of wetting down were
programmea @

(a) The stope wae kept fairly dry (wetness factos f = 0.2)

for the complete cycle.

(v) A wetness factor of £ = 1 (completely wet) was imposed
for the firet 10 hours, with £ = 0.2 for the remainder.
This similated wetting down from immediately after blast
until 10 howrs after blast,
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(e) The present method of wet dovn was next programmed,
i.e. with £ = 0,2 for the first 10 houre and £ = 1 for

the remainder of the cycle.

(d) Pinclly, the completelv wet case wes run, taking £ = 1

ovar the complete cycle.

™3 results are shown in Fig. (?.1). The :ost notice-
able feature of the enrves is th. sudden rise of the wet bulb
on wetting dovn. Sinse results wore obtained in discrete
time steps, the sharpness of the curves is greatly cxzanggerated
and this necessitated some interpolation where sudden wet buld

changes were involved.

Assuning the main working shift to enter the stope 12
hours after Dlast, it may be secen that the vresant method of
wetting down (curve (c))subjects the workers to the muximum

wet buld encountered during the entire shift.

Ke:ping the stope wet for the complete cycle produces a

slight improvement over the present method.

The advant zge that would rasult if the stope were kept
completeiy dry (f = 0) over the whole cyele ("dry minins") may
be gauged from curve (a), which with £ = 0.2 represents at
‘leant a danp stope. The advantage of allowing the atope to
dry, even partially, after vetting is illustrated in curve (b)

vhere a wetness of 0.2 was assumed over the latter part of the

cyecle.

The best method of wetting down within the range consid~r-
¢d here iz obviously case (b;. Tkis is to be expected since
/early
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early wetting removes heat when tha rock is hottest, and stop=
Ping after 10 hours gives the wet buld time to drcp, nroducing
extremely favourable conditions in the stope in comperison to
those obtained at present whore wetting dowm only starts with
the arrival of the main sorking shift. The tenefit in the

porticular example considered is about 4°F.

Variastions on the oresent method of vg_t'i& down

A more detailed analysis was cerried osut on wotting
down eycles in vwhich the store,; once wet, was kept wet over

the remainder of the cyclez.

Three casaes wore exanmined, viz, the stope was wet down
starting st 2, £ and 10 hours afte. blast respectiveiy and in
each ~sse wvas Xept wet throughout the remainder of the cyele,
i.e. £ = 1 uatil the next blast. (£ = 0.2 before wetting down

occurred ),

Results of this experiment aprear in Fig, (3.2) fvwom
whieh it may be scen that the adlitional b and 8 hours wetting
down (compared to present practice) improved conditicns quite
substantislly, especially at the teginning of the working
ghift \assuning re-entry after 12 hours), fAlso irx the
graph it may be seen that the advarniege gained by wetting
down starting at 2 hours as opposed to starting at 6 hours
after the hlast is relatively smell (3°F). The shape of the
curves indicates that the duration of wetting down pricr to

the shift should not be less than ahout & hours, in crder to

: allow sufficient time for the rock skin surrouniing the

cxeavation tc be ccoled.
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The nethed to be avoided therefare, is thot in which
wetting dewn occurs just prior to re-cntry, and whilst the
earlier the watting down the better, the tive of wetting does
Lot appear to be a critical factor, yrovided thot wetting
continues for about 5 hours,

3.3 A comparison of different durstions of wetting down after blast

From the prrevious cases it appeared that the optimm
coenditions would b obtained when watting down ceused suffic-
ieutly long before re-entry so That the stope would have time

to dry and hence produce favoursble wet dulb temperatures.

It was fius decided to exanine what effect different
dwaticns of wetting down, comnencing imediately after blast,
would have on the wet bulb temrerature during the working shift.
Accordingly, the modcl was programed to simlate wetting down
imediately efter blast for pariods of 2, 6 and 10 hours
duration after blost resnectively; (£ = 1 during wetting dow,

£ = 0,2 thereafter),

Fig. (3.3) indicates that while 10 hours wetting down
produces the nost favoursble conditions during the min work-
ing shift, the practics! <nd/or eccnomic duration of wetting

dowm is probably less than this,

3.4 A comparison of diffcrent durations of wetting down before

Eezentry
In this case the stope was wet dowm for tinmes 0 - 10,

2 =12 and 5 = 10 hours after biast rrspectively snd che

results plotted in Fig. (3.4), Re-entry wes assuned at 12
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