
x E) has a sign: ficant effect on the heat pick-up.

(3ee Fig. (U) in "The computation of a:.r tempera-

(18 1
tare increases in advancing atopes" ' ).

Case (i i i ) The wetness factor was varied keeping the VRT at 

120°F and the air velocity at K) ft/mi. a. Wet­

ness factors of 0.0 (completely dry), 0.5 and 1.0  

(completely wet) were used.

The results (Fig. (2.6)) show that when 

toopletely dry conditions prevail, a variation in 

H introduces a fairly large error. For f =■ 0.5 

an<? f *» 1.0 only the curves for 2 x E smooth pipe 

are bhovn, since the three cases are almo3t colinoar.

When f * 0 on.' .v convective heat transfur takes 

place. In practice evaporative heat transfer 

doninates, even when only a small amount of water 

is present.

Tha computer experiment for E

In order to determine the sensitivity of heat pick-up 

to the m&t.r transfer coefficient E, H •was kept constant at 

twice the smooth pipe ralue with E taking the valuo

E = Cl! i

whore C was given values rangi ng from Co/100 to 2Co (Co being 

the value given by the Lewin relation) for three different 

’fRT’ s; viz. IQO^F, 12C°F, lU0°F. The wetnses factor was 

taken as f » 1.0 and the air velocity as 220 ft/nin. The 

remaining conditions wore the sane as those in the pre ious 

calculations.
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As nay be seen from Fig. (2.7) the vet bulb increase 

per 100 ft V53 radically affected by changes in C and it was 

immediately obvious that E would also be sensitive to varia­

tion of the other parameters.

This was to be expected since a change in C in fact 

neant a change iu the votneps factor and with evaporative heat 

transfer being dominant, ohangos in wetness necessarily induce 

large changes in the heat pick-up.

2.5 Conclusions
■ m ■ ■■ ■

By assuring II equal to twice the smooth pipe value the 

error in the resultant wet bilb increase per 100 ft in the 

range of conditions encountered in stope3 , is negligible. In 

extreme conditions the maximum error (in the range considered) 

is about 12??.

Ey contrast it is imperative that the value: of the mass 

transfer coefficient E be accurately determined, as small 

errors in this constant introduce large errors in the rate of 

heat pick-up.
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CHAPTER 3

Wetting down in stones

If dry mining was possible at the VP.T* s at present encountered 

in our mines, the amount of refrigeration required to L-jp the air 

tolerable would be greatJ.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 stops.

Starfield^^ has indicated that at present the converse is in 

fact the case, vis. that by wetting down just before the working 

warty enters the stope, they are subjected to the maximum wet bulb 

temperatures encountered during the entire cyclc.

In order to determine the most advantageous method of vetting 

down, use was made of Starfield's mathematical model of a crtope, 

and various different cases were investigated. Since discrete 

time elements were used in tbe program, wetting down was assumed to 

occur instantaneously, giving unrealist ically slsarp curves. Never­

theless significant trends were revealed by the experiment. The 

problems relating to the practical implementation of the aiff^rent 

methods of wetting dorm were not considered in any detail.

The input parameters used in all cases were as follows 

(i) VRT : 115°F

(i :) Rate of advance : 2 ft every 2U hours 

(iii) Air velocity ; 100 ft/mir

(iv) Inlet air temperature *. 85/82°?

(v) Face to scatterwall : 12 ft



‘V : '

ivi) heat source to simulate the presence of broken rock i

decreasing from 20c to 50 HP3/:ft hr over the first 12 hours 

after blast

(vii) Thermal conductivity of rock : 3.0 BTU/ft2 hr (°F/ft) 

(viii) Thermal diffusivity of rock : 0.10 ft2/hr.

(ix) Surface h»at transfer coefficient • H * 1.0 BTU/ft2 hr °F

(x) Mass transfer coefficient : E » 0.11 lb/ft2 hr in. Kg.

Wet and dry bulb temperatures were calculated at a point 300 ft 

along the atope face.

The physical significance of the wetness factor f is not known. 

In the calculations which follow it was assumed that the wet stope 

could be simulated by f = l f while f » 0.2  reflected a stope which 

was not quite dry. It is unlikely that a "dry” stope has a we'"-
/i a\

ness factor exceeding 0.2  ~ and the results given therefore re­

present a lower bound on the benefits which nay be obtained by 

controlled wetting down. The "wot" value of f = 1.0 i3 not 

critical and therefore would not be a large source of error. (See

Starfield^l8h .

3.1 The general analysis of different wetting down cycles

Firstly four general methods of wetting down were 

prograxsmea :

(a) The stope wa? kept fairly dry (wetness factor f = 0.2)

for the complete cycle.
/

(b) A wetness factor of f 53 1 (conpletely wet) was imposed 

for the firet 10 hours, with f = 0.2 for the remainder. 

This simulated wetting down from immediately after blast 

until 10 hours after blast.



(c) The present method of we down w s  next programed, 

i.e. with f *» 0.2 for the first 10 houre and f « 1 for 

the remainder of the cycle.

(d) Finally, the completely wet ca3e w s  run, taking f 3 1 

over the complete cycle.

Tv.3 results are shown in Fig. (’’ .l ). The nost notice­

able feature of the ctsres is tho sudden rise of the wet bulb 

on wetting down. Since results ware obtained in discrete 

time steps, the sharpness of the curves is greatly exaggerated 

and this necessitated some interpolation where sudden wet bulb 

chances were involved.

Assuming the main working ah-'ft to enter the otope 12 

hours after blast, it may be seen that the present method of 

wetting down (curve (c))subjects the workers to the zx-ximun 

wet bulb encountered during the entire shift.

Keeping the atope wet for the complete cycle produces a 

slight improvement over the present method.

The advant ge that would result if the stope were kept 

completely dry (f a 0 ) over the whole cycle ("dry mining” ) may 

be gauged from curve (a), which with f » 0.2 represents at 

least a damp stope. The advantage of allowing the atope to 

dry, even partially, after vetting is illustrated in curve (b) 

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

cycle.

The best method of wetting down within the range conBid'Tr- 

cd here ie obviously case (b/. This ij to be expected since

/early
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early wetting roioves heat when the rock is hottest, and stop-
IflH

ping after 10 hours gives the wet bulb tine to drop, producing 

extremely favourable conditions in the stope in comparison to 

those obtained at present where wetting down only starts with 

the arrival of the aain /orking shift. The benefit in the 

particular exanple considered is about !j°F.

Variations on the present method of wotting down

A more detailed analysis was asxried out on wotting 

down cycles in which the stope, once wet, was kept wet over 

the reminder of the cycle.

Three cpsos were examined, viz, the stope was wet down 

starting at 2 , 6 and 10 hours afte^ blast respectively and in 

each case was kept wet throughout the remainder of the cycle,

i.e. f = 1 until the next blast, (f ~ 0.2 before wetting down 

occurred).

Results of this experiment appear in Fig. (3.2) from 

which it cay be seen that the additional U and 8 hours wetting 

down (compared to present practice) improved conditions quite 

substantially, especially at the beginning of the working 

shift (assuming re-entry after 12 hours). Also fraa the 

graph it nay be seen that the advantage gained by wetting 

Acwn starting at 2 hours as opposed to starting at 6 houra 

after the blast is relatively small (i°F). The shape of the 

curves indicates that the duration of wetting down prior to 

the shift should not be less than about 6 hours, in order to 

allow sufficient tine for the rock skin surrounding -the 

excavation to be cooled.
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The nethcd to be avoided therefore, is that in which
*

ISil
vetting down occurs just prior to re-entry, and whilst the- 

#
earlier the wetting dovn the better, the tii’e of netting does 

Lot appear to be a critical factor, provided that wetting 

continues for about S hours.

Ska

3.3 A comparison of different durations of wetting down after blast.

Fron the previous cases it appeared that the optissra 

conditions would bo obtained when w®ttin£ down caused suffic-

ieutly long before re-entry so -hat the stope would have tine 

to dry and hence produce favourable vet bulb temperatures.

SIRsfe ■ • - 1 Wk iillsstlS'

It was ihus decided to exocrnc what effect different 

derations of. wetting down, cos’ionciiy innediately after blast, 

would have on the wet bulb temperature during the ’forking shift. 

Accordingly, the nodel was programed to sirmlate vetting dovn 

innediately tfter blast for periods of 2, 6 and 10 hours 

duration after blaat respectively; (f 3 1 during wetting d<w , 

f « 0.2 thereafter).

Fig. (3.3) indicates that vhile 10 hours wetting down 

produces the nest favourable conditions during the nain work­

ing shift, the practical and/or escnonic duration cf vetting 

down is probably les3 than this.

3.U A cervparison of different durations of wetting: down before 

re-entry

In this case the stope ifas wet do'.rn for tines 0 - 1 0 ,  

L0 and 6 - 10 hours after blast respectively and the 

Lts plotted in Fig. (3.1*). Re-entry 

hours
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