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velocity and time of wetting down, for inlet nir temperstures
of 75/75°F, 85/82°F ana 105/80°F respectively, i.c. for a
particular air velocity the time at which the stope may first
be entered a®ter a blast is shown.

Although these results are not absolute, they neverthe-
less give indications of conditions which will be encountered
at high VRT's,

Two points emerge from the graphs : Firstly, it appsars
“hst the larger the wet bulb-dry bulk gap of the inlet air, the
more significant is the nethod of wetting down es may be seen by
comering the results for 75/75°F and 105/80°F inlet air term-
erature. This was to be expected since the gap is o measure

of the ancunt of water which cen be absorbed by the air streanm,

This introduces the second point, viz. that the best
conditions will not always necessarily be obtained with the
lowest wet bulb of the inlet air, 'but rather with e combination
of low wet bulb and large gan, depending on the wetting down
t=chnique adopted.. (e,f. Fig, (4.6) and (4.8)).

k.3 Conclusions
(i)  Dry mining is the theoretically desirable method of
mining,
(ii). Once water is introduced, 'udicious wetting down is
equivelent, 0 & considers .. paving in ventilsiion

compered to present practice,

(iii) At high VRT's the benefits which may Ye obtained by
controlled wetting down greatly cxce>l those at lesser
VRT's. Thus as mines ‘ncrease in dept:, greater regard




Insulation of airways

wrethene foon was examined by using the uat , 1
model designed by Starfield, This nodel caw
incresses in airways using the same basic wim
rrogran, except thst

{i) rediai heqb ﬂo\r is asmed;

is ignored. 'l'his assumrtion is unlikely to .f7ect tha ﬂ&i&i‘&r at
the nodel as hest flow in thet direction is exir-uc'y

5.1 Deseription of the model
An airwmy of radius 61 £t surrounded by rock et VRT': of

1°0°F, 120°F and 1M0°F was considered, Th tooperalure &2 wae
oir entering the tunnel was 85/82°F und the »ate of »'r flo

was 170,00 e.f,m. (1280 £/zin).

Insulation thickaesses of 3", 1 ‘
by using an equivalent valuc of the hee* transfer eo
B, (Sce Carslaw and Jasger p. 322)'°0), The neat |
the foan fila was meglected. It was sssuved that
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In practice it would mrobably not be feasible to insulate the

footwall. Also, the surface of the insulation vas assumed to
be drr, i.e, no evaporation tosk rlace into the ventilating air.

The wet and dry buldb temperatures of the air were then
caleulated at a point 2000 [t along the aeimmy for s period of
500 days after holins, beforc vhich it was assumed to have been
uavertilated.

These resuli: were compered with those obtained for tle
same airwey witLout insulstion, and having various degrous of
overall wetness, viz. £ = 0O (completely dry), £ = 1/10, £ = 1/2
and £ = 1 (ecompletely wet), In the light of subeequent work
by Sterfield and Dickson''>’, it is prodedle that £ = 1/10
most nearly renresents the case of o damp footwall with dry

side and hengingwells. This is & typical wrdeeground condition.

The ccamputer model sssumes that The airway appears

in~tantanecusly, ‘.e¢. the .. reloment of the airway is neg’ac' . -i.
Thus for very short peiods of time aftcr holing the noder is
iraccwnte, but for the poriod considerzd slove it is unlikely

thet this foector will be significant. Ae in the case of the

stops, the resaits are not intended to be abeclutas but rather

a compariaon of consitions which will yield useful information

for future nlanning.

The purancters used were as follows -

(i) Thermal conductivity - < rock kx = 3.0 l!l'tl/i"*:2 rr 1%%/5).

(ii) ‘Therral diffusivity of rock D A 0,10 £t°/ir.
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(ii1) Thermal eondustivity of foan = 0,013 BIU/£t2 nr (OF/vt).
(iv) Thernsl diffusivity of foam = 0,00k Pt°/hr.
(v}  Surface heat transfer coefficiext = k.5 BrU/ft2 mr °F,

(vi) Mass transfer coc’ficient B = 0.4 1b/£t2 hr in. Fe.

Results
The results are presentsd in Fig. (5.1)(VRT = 100°F),
rig. (5.2)(120°F) and Fig. (5.3)(1h0°F).

The thickness of the insulatinz layer docs not anpear
to be critical as the 2" layer does not give greatly increased

benefits compared to the 3" laver,

The wet buldb temmerature in the wet airways is not
partiewleriy sensitive to the wetness factor £. Taie serves
to confirm thet if "dry nining" is de. e, the swrface must
not have uny trace of rwisture at all, . 21 a small amount

of wmter has almost the same effect as a campletely wet surfoce.

As the VRT increases so the insulation beccnes more
effective. The greatest benefit fror insulating is obtained
during the carly lifc or the airway and this benefit decrenses
with ege, This is due to the fest that the heat flux into the
airvay is groatest immedistely afler DLoling.  This frmmiies
Lhat insst atic. gxould be epplied os s.oon as the rock becones
simosed in order vo obtéin *he paximum benefit, It ig aleo
expectel tlat If A portion of the airvey remsins muinsuiated
{e.gs the Footwmili), tae edinsiuges to be goined fron insulo-
tion wiil be greatly reduced. (A subsequent vore genersl analy-
wis By Farrison, Whillier and Cock(m) using \ resistance paper

apalogue provides an indication of this reduetion. J
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FIG 51 AIRWAY INSULATION
DRV BULB  — - —
WET BULB  ———
VRT =10C°F
INSULATION: ¢=0
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deat flov o on névane _Biope - The sclution of the 8 .:‘

dimensiomal diffusion equation by Saul’ev's wethod :

-

The solution of the difluzion equation in two dimensions m
applications in many different fields. It forns the basis to In
underetanding of leat flow imto undergroumd excarations, and a
solution of this equation is reguired before uny comprehensivs
picture of wet and dry ™ulh tanperature changes can t 2 cbtained.

In the case of an underground airway, heat flow is assumed to
be radial and a one dincnsiomal solution suffices, ' feat flow i
& direction parallel to the direction or the airwvuy . comsidered
to b~ negiligible. The main scurce of crror in Star? -1d's mathe
eatical swodel of & tunnel'?) is that the heat flow auring the time
the tunnel is being developed is ignored. Howaver, an cirmy

generally requires o long term soluvion and as the wirway ages so

the model becomes nore accurate.

The stope on the other hand involves short term changes so
thet ar exact simulation is desirakle. Wrile Storficld's quasi=-
analytic one diransional model hae the advartage of countaining
closed expressions for temper sure and flux, it does inTolve
approxinations, the nost severe of which is the neglect of the heat
flow from the face to the hangingwall and footwall. (For s Wl

discussion of Starfield's method sec "Hest flow into the advancing

ﬂ‘vope"(za)).

6.1 Stateaent of the problen
The complete probler - ° heat flow into o stope oy he

/illustrate?
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Tae problem is o deteraing the temeracurs distribution in
the veck for all tinme.

7ie proble: may be solved Ly 2ividing ABCD iato a mesh
und applying e finite differemce technigue., Until recemtly
the aclution of large two dimensional gride by differense
methods has proved unfeasiile due to the slovmess or instnbil-
ity of the various methods available,

A2 2MAINAL 20 41 "Cpanee neticds ayadlauio Jfop vlving Shelo
aimensioral diffusion equation'S

The diffusion sguation in two dimensions may be written

= ) o %“%’ = ped

where T represerts the temperature and X, ¢ and o arc the

(6.1)

esnductivity, specific heat and demsity of the rock respectively.

If a netwrk with spece intervels DX and DY and a tine
interval DT is introduced iuto the region under consideration
such that x; = iDX and ¥ jDY, then nany of the most frequent-
ly usel finite difference approximations may be written in the
forn,

DX DY (o{a) ()
i i v gl v

(r)
(e} {k; o g DY (!'l i);
= Re
{r) (r)
. e x pyY (T -T75)
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