




velocity and time of vetting down, for inlet air temperatures 

of 75/75°F, 85/82°? and 105/80°F respectively, i .o . for a 

particular air velocity the tine at which the stope m y  first 

be entered after a blast is shovn.

.ilthough these results are not absolute, they neverthe­

less give indications of conditions which will be encountered 

at high VRT's.

Two points emerge fron the graphs ; Firstly, it appears 

-hat the larger the wtg bulb-dry bulb gap of the inlet air, the 

nore significant is the method of vetting down as nay be seen by 

comparing the results for 75/75°F and 105/80°F inlet air t o p ­

erator e« This vas to be expected since thr gap id a measure 

of tUe ancunt of water which can be absorbed by the air 3trear,.

Tiiis introduces the second point, viz. that the best 

conditions will not always necessarily be obtained with the 

lowest wot bulb of the inlet air, but rather with a combination 

of low vet bulb and large gap, depending on the wetting down 

technique adopted. (c ,f . Fig, {U.6) and (U.8 )) .

>'.3 Conclusions

(i) Dry mining is the theoretically desirable nothod of 

mining.

(ii) Once water is introduced, idicious wetting down is 

equivalent o a considers . * saving in ventilation 

compered to present practice.

(iii) At high VRT’ s the benefits which nay be obtained by 

controlled vetting down greatly exce?d tho.ie at lesser 

VRT’ s. Thus as nines increase in deptr, greater regard 

should be r>aid to thiB process.
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CHAPT3R 5

Tho advantage to be gained by insulating an airway with poly- 

urethene fora was examined by using the nathamtical airvay computer 

□odel designed by otarfield, This nodel calculates vet and dry bulb 

increases in airways using the sane basic principles as the Btone 

program, except that

(i) radial haat flov is assuned;

(ii) the dinensionless temperature is calculated frcra Ooch-Patter30a 

tables^ 1 for radicl heaJ flow into a tunnel (vhich assunes *ir 

infinite heat transfer coefficient) and the finite 3trip method 

described by Starfield''^!

Insulation of airways

Heat flow in a direction parallel to the length of the airway 

is ignored. This assumption is unlikely to .if feet the validity of 

the nodel as hert, flow in that direction is eTt-‘~nl \y snail.

5.1 Descrirtion of the nodel

An airmy of radius 61 ft surrounded, by rock at VHT’ t of 

1°0°F, 120°F and 1^0CF was considered-. The iaarer«,lare cf r,he 

air entering the tunnel was 85/P£°F and the r&te of *■ r flo* 

was l T O /  'O c .f  .n . (1280 ft/nin).

Insulation thicknesses of ln, 1" and 2" were siswi«t*d

by using an equivalent value of the hect transfer cccffici^ii'5

(pfi)
E. (See Carslaw and Jaeger p. 3 2 2 )^  \ The heat c a v i t y  of 

the foam filn was neglected. It was assuned that insulation 

could be applied over the entire surface area of the airway.

Sjsi
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In practice it would probably not be feasible to insulate the 

footvall. /VIso, tne surface of the insulation was assumed to 

be dry, i .e . no evaporation took place into the ventilating air.

The vet and dry bulb temperatures of the air vere then 

calculated at a point 2000 it aloiy the airvay for a period of 

500 days after holir^, before which it m s  assuned to have been 

unventilated.

These results vere ccrapared vita those obtained for t>.e
. v, v • . -Tv

sane airway vii»Lout insulation, and having various degrees of 

overall wetness, vis. f = 0 (conpletely dry), f » 1/10, f * 1/2

and f ■ 1 (completely vet). In the 1 igbt of subsequent vorld

( n '
by Starfield and Dickson'- , it i3 probable that f *  1/10 

nost nearly represents the case of a dann footvall vith dry 

side and hangingwlls. This is a typical order'grouad ccivKticn.

The computer nodel assumes that -ihe airvay appears 

in'-tantanecucly, i .e . the elopnent of the r.inray is nflp’ dCVLjl* 

Thus for very short periods of tine afte? holing the t^odei ie 

inaccurrvte, but for the period considered above it is unlikely 

that t'ais factor in.ll be significant. As in the case of the 

stopet the results are not intended to be ab»oluta but rather 

a comparison of conditions vhicli will yield useful infonaation 

for future planning.

The parameters used vere as follows :•»

(i) Themal conductivity rock k “ 3.0 ETU/ft1’ hr (°F /ft).

2
(ii) Themal diffusivity of rock D * 0.10 ft '/hr.



(iii) Thermal conductivity of foan = 0.013 STU/ft2 hr (°F /ft).

(iv) Thermal diffusivity of foam = 0.00U ft2/hr.

(v) Surface heat transfer coefficient K 3 U.5 FPU/ft2 hr °F.

(vi) tla33 transfer coefficient E = O.U lb/ft2 hr in. Fg.

Results

The results ore presented in Fig. (5.l)(VRT =» 100°?), 

Fig. (5 .2)(120°F) and Fig. (5.3)(lHO°F).

The thickness of the insulating layer does not appear 

to be critical as the 2” layer does not give greatly increased 

benefits compared to the }n layer.

The vet bulb temperature in the wet airways is not 

particularly sensitive to the wetnesa factor f. This serves 

to confim that if "dry mining" is de. 1e9 the surface must 

not have any trace of moisture at all, * i a snail amount 

of water lias almost the sane effect as a completely wet surface.

As the VRT increases so the insulation becomes more 

effective. The greatest benefit fron insulating is obtained 

during the early life of the airway and this benefit decreases 

with age. This is due to the fait that the heat flux into the

airway is greatest immediately after liolin,". This imp-i-ies 

that inSiiT itivi- t'Sculd be applied a? s.on as the rock becomes 

cxTo^ed in order 1 o obt&~n the maximum benuxit. Xt is a._Eo 

expected ttafc it «  portion of the airway remains uninsulated 

(e.g. the footVoLi), tne ad*a«.ases to be gained fron insula­

tion will be greatly reduced. (A subsequent more general analy­

sis by Ilarriswji, flhillier and Cook(27> using \ resistance paper

• . *
analogue pnvi^.es an indication of th?s reduction.;
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5.3 Conclusions

Many practical problems vill require at tint ion before 

insulation becanes rear \ble, bat theoretically-' th-3 higher the 

YRT, the more justifiable becoajs the expense of insulating.

It would appear however, that at tl 3 TRT's at -present encount- 

fcxed, insulation Ao-.g not provide a sufficiently lerge 

inpro verier ;t to nerit it a application.
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P-4B? II 

CEIPTER 6

Heat flov into an advancing - The solution of the two

dimensional diffusion equation by Saul' ev*s method

The solution of the diffusion eqaation in tiro dimensions lias 

applicatioas in many different fields. It ferns the basis to an 

understanding of heat flow into underground exca\ations, and a 

solution of this equation is required before ;.ny comprehensive 5| 

picture of wet and dry >iulb temperature changes can ta obtained.

In the case of an underground airway, heat flow is assumed to

'.o'
be radial and a one dimensional solution suffices.' '* heat flow ir 

a direction parallel to the direction of the airway - considered 

to b~ negligible. The main source of error in Starf* ’Id 's  aith- 

ematical Jiodel of a tunnel^^^ is that the heat flow during the time 

the tunnel is being developai is ignored. However, an airway 

generally requires a long term solucion and as the airway ages sc 

the model becomes more accurate.

The stope on the other hand involves short term chances so 

that an exact simulation is desirable,. While 3tc:rf-al<?’ s quasi- 

analytic one diransional model has the advantage of containing 

closed expressions for tenper jure and flux, it does involve 

approximations# the most severe of which is the neglect of the hfsat 

flow from the face to the bansmgwa-Li and foot wal l . (xor a full 

discussion of Starfield’ s method see ”Heat flow into the advancing 

stope"(28)).

6.1 Statement of the •probla-:

The complete probl^r heat flow into a stope may be 

/illustrated



"teps at each blase, cools for the binder of the cycle i 

then advances again try anctlie;* diacrsts step, 4ft er sevar 

such olasts a recurri:*; atata, in vhich taroerature-tiTie

end willkHake &

with very 1

subject to ? * \A type bo-

forced conveirfeiw i

fceinc annlicaMe *•' < rccivair 

wal2 whiih iu as sirred to advance with i

to be TL ft every KDT bow s, the rock arourd the tope co

W f c k ' g M l
for KDT bourp after *£U,rt*. where I1*' is a trne step and K 

thP mi. 7s«r ich s t ^ f .  'IThe stop3 then advances by a

ock cools for KDT hours etc





xae prodem is -o detemi'ie The tenjaeracur* distribution m  

the reek for all tine.

;-ie problem m y  be solved by dividing ABCD i.-rto a mesh 

i*nd applying a finite difference technique. Until recent!’

I k  H
solution of large two diaension&l gride by difference 

nethods has proved unfeasikJ.e due to the alo'Tiets or instabil­

ity of the various methods available.

s available for solving the

___4..*__(29)
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dimensional diffaaion aquation

The diffusion aquation in two dimensions nay be v?r it t er­

a s  ^  3 x 1 +  3 y  3 v ^  =  0

where T represents the temperature and k, c and 0 are the

H B H
conductivity, specific heat and density of the rock respectively.

If a natvor.* with space intervals DX and DY and a tine 

interval DT is introduced into the region under consideration 

such tliat xi » iDX and y  ̂ » jBY, then nany of the nost frequent­

ly used finite difference approximations nay be written in the

’
fora,

, „ c .  . SL22. (t '4? - *£ > )
i,0 DT i tj 1,3

, nv ) T Mi
H+I.A * --i l l i
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