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In Paiw I of tide dissertation Starfield's two 

models which represent an advancing s+ope subject, to linear heat 

flow anr an airway subject tc radial heat flow are used in a series 

of computer experiments with a view to determin:ng trends which 

will be useful in ventilation planning.

Firstly, the significance of the heat transfer coefficient E 

and the mass transfer coefficient E as used in a typical stops 

calculation, is ox&iinsd. It is found that while the heat pick­

up is insensitive to large changes in F# the choice of 1 is critical.

Wetting down cyclcs in a stopc are next consider ed and. it is 

shown that controlled vetting down is equivalent to a substantial 

saving in refrigeration. Deeper level nines are also treated and 

it is seen that as the virgin reek ttsaperaturc (VRT) increases s.. 

the Trotting down technique becoacs nore and more important.

Finally, the advantage to be gained by insulating an airway as 

opposed to keeping it wet is ca3culated. The results show that 

only extreaely high VRT*s will justify the exp< of insulating.

Part II is devoted to examining the proLlaa of two dimensional 

heat flow into an advancing stope.

The finite difference approximation proposed by Saul * ev is usad 

to solve the two dimenjional diffusion equation for the idealised 

representation of an underground stope which is taken as a rect- 

angular opening in an infinite plate.
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The choice of "boundary conditions is discussed and an error 

analysis is carried out on the results obtained. Saul'ev*s method 

is found tc be extreaely fas-c and reasonably accurate.

Various characteristics of the recurring state are discussed 

and the effect of vefcness in a s+opc on the tanperature distribu­

tion in the rock surrounding the stopo is examined.

Finaluy, using Saul* ev* g finite difference network together 

with heat and insa transfer anti psychrametry, a eorn.’.ete two di- 

meneional model of an advancing stope, which nay b*s u^ed to calca- 

late wet and dry bulb temperature increasas, ia foraulated.
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Introduction

Ventilation planning in nines is dependent, amongst other 

things, on a knowledge of heat flow into tunnels and stopes. Ai

'• ' P 'W w w
mines become deeper the virgin rock temperature (VPT) increases 

and the necessity for planning ahead becomes more and more acute 

Knowledge cf heat flow into nines nay be obtained in two ways. 

ebv be tained either coviricai studies jr fron analytical

observations, it is necessary to procesr many thousands of observa- 

tions and adopt a statistical approach. Usually these observations 

will have been taken over a wide range of conditions, naking it 

extreaely difficult to completely ee-orate and account for all the 

-variables involved. Any laws deduced empirically will only be 

valid within the range of conditions ccver&d, vhich while uaeful 

for current planning do not permit extrapolation to tituaticas 

which may be encountered in the future.

Undergrou-id ixcavations may be represented by idealise.! mathe-

mati^al models. In these models it ic desirable to simulate as
* * * ' " ’t ' % I : 1 «?}S*SPB

closely as oo3 uble the actuaJ. events which occur underground. It EC 

Ils  quite obvious that exact Jsmulaticn will ver be possible, but 

provided that the most significant parameters are included, meaning­

ful results should be obta5-.-r.ble. Once a model has been formulated,

on the one hand an crrpirical approach. which

/while
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while not confronted with any problems of simulation, does net jive 

a detailed -picture of the significance of individual variables or

15ers.it extrapolation to diff?rent conditions. On the other hund 
■
we have a mathematical aodel in wbich each variable is clearly 

defined and on which any conditions nay he imposed, hut which dof 

not always e::aetly represent the un argrotmd situation. It would 

thus appear that neither theory nor empiricism alone will suffice 

that a combination of the two is required in solving heat flow 

g ’ 
ihlcsas.

ly be ’joLtered by improving

m m

-imsntal techniques and by collecting data in a v-y JOich that 

in the resulting statistical analysis, variables ol*q isolated as

.
far as toseible. An analytical model nay be improved by using 

better simulations of natural phejjomena as they bee erne available, 

and by the addition of further information defining tne physical 

configuration as undosrt .̂anding of the subject increases. Uxpari-M 

mental results nlay a major role in increasing this understanding 

9,8 does the theory in (raiding experimental techniques. ^Sairiciam 

and theory are thus mutually complementary.
I*Pss

Stopes and tunnels form tve distinct problems ar/* the progress

towards cortr.lete solutions of cxwh rvac be dealt with separately.

The tunnel is the easier of the two problems as far as the 

forniilation of a mathematical model is concerned. ?y assuming 

that the heat flov into the tunnel is radial and by ignoring htat 

flow parallel to the direction of the tunnel a reasonably good

’ C
simulation may be obtained.



years ago Goch and ?s :.t er«or.a }  producedMove then twenty-five

fcr heat flow ir^o a tunnel for an inf‘.nit e value of t

surface

. 8 .

3era»tpt - ''jaapts to  ro lr e

or

Heerden

the problem oi" coir dieting air temperatures in vest or day airways 

hr*e beer made*2 ^ ^ ^ ' \  but each involved severe approximations 

The problcra. of a dry tunnel was solved by vs

V  Jord.n(7>. .here the effect of the 

of tue tunnel was included. Starfield

expressions for the flux into a tunnel by 

'
aid. _atcr produced a model for calculat ing 

wet aid. dr” bulb teipejature increases iu an eirvay^ .Jordan̂

also farnmlated a net hod for calculating tempers.,'ir<» fli&fcributicns 

in a force-ventilated development end.

.Cis)

''’■M
Much data relating to airways is available. Tro of the most 

comprehensive surveys ware done by Biacard-Jeppe ' and Lamhrechts “ . 

Frwa these observations, empirical lavs which agreed well with the 

'.neorv over a limited range, were obtained. Starfield and Dickson 

showed that by including features such as drains in airway models 

which wers subjected to several different conditions of V^T, wet 

bulb aid dry bulb temperature etc., a scatter similar to that 

obtained in practice could be generated by calculation.

— • J,
The stope presents a more complicated problem. it is essent­

ially a rectangular box subjected to two dimensional heat flow. In

contrast to the tunnel, which is a long tern problem, the stope
v.

continually advances, thU3 mal-ir*g short tern effc "»3t s?gnifi-

Swic- f* •’ -V * ’* V ; 7̂-. I . ■

cant. A good illustration of this difference is . effect of the

t bulb teaneraturo on heat ^ir\ up ir. stopes and airwr.vys. In a 
‘

stope it ar.y be ignored whereas aft nr a certain time it plays a

(lU)
major ro.1 e in tunnel problems



The theoretical solution of the stone proxies bad its origin

in a caper by Paine'15\ vhere a stope which advanced by distinc

(1 6 ) , „ 
at**ps (jurqps) was first G..^nined. T'iles pr.-c.uced formulae ±or

( n )
the continuously aoving store and Concer'"' ' formulate solutions

W
for 3QOOthiv advancing stones having both circular ajd elliptical 

‘

( 8 )
croP9-8ectionac Starfielcl obtained 'juasi-enalytic expressions; 

for the heat flow into a stope by separating the face and the 

hongingvall (or foot«all) and summing the linear heat _xux contn-
(IQ j

butions it<m these parts. This theory was later extended to 

include the confutation of vet and dry bulb air tenperatures in
P  ::r< ,

K i

advancing stones.

Biccard-Jeppe'1 and Lambi cents ̂  ^  ‘ bave analj/sed experi-

U ,>--v > ;
stone data and again the -sspirical lavs f'n'wrlct ad hava

i -cheeretieal result3 in the range covered by the 

tremendous number of variables inherent m  the

i  > ofon julem it is uniikelv that a genaral model cepabT
'

producing absolute results will be nroaucea. dovu/to*, xx 

tfort of stop a tesnerature history were available it uight *«\*»* b‘ 

possible to "calibrate” the nodel for each particular set of 

circumstances, and hence produce accurate results for future

planning.

In Ptirt I of this thesis, use is made of Starfield's anthema- 

tieal models of a stope'vx3  ̂ and airway^9' ,  in order to examine 

ventilation procedures occurring underground, in an attsmpt to

obtain trends which would be useful in practical ventilation

planning.
mim

i owing is an outline of the general, model designed

by Starfield.



Tha solution of the coaplece problem involves the three

distinc*; subjects of psychraaetry, heat and nass transfer, and heat 

on in rocY fha equations pertaining to each subject will
0 . ? ? P ": I

he dealt with in turn.

(a) Ps:>chroffietry

Tv/o of the input parameters for the nodels are the wet

Band dry bulb t rsapcratures of the ventilating air. Since the

theory can conveniently be developed in terras of the absolute

s a l a
humidity w a.:d the dry bulb tenmerature 6_ ,  it is necessury to 

rcleite tha absolute humidity to the wet bulb teaperature 9 . 

The absolute humidity of the air w nay be written

v »* p/(y + ve^) (1 .1 ) ■

where p is the •partial oresEur:: of the water va>cur in the air * *- 

aud y and v are constants depending on the systea of units

chosen.

*  — ’  < 1
The vapour pressure asy be Titten in terras of the wet

bulb teaperature 8 aa follows :

EM
•• p fe ) •  e t . {0_ — 0 ) —

s w ‘ o D w
--- (1 .2)

* • . 
where p is the atniospheric pressure, e is a T>3ycbrc»etric 

o

constant and Pg(9w) the saturated vapour pressure of the 

sir at the wet bulb temperature. p (0 ) acy be found fromS W
\ - ' * >. ■ f-v

steam tables but for cccipvting purposes it is simpler to use a

parabola (fouLd fron steam tables by a least squares fit) to

describe the variation of orersure trith tanperature viz.

p (0) * aO2 + bO + c

»■-, ,j.5: ■ ■
where a, b and c again depend on the units being

..



Author  Gould Michael John 

Name of thesis The determination of parameters concerned with heat flow into underground excavations.  1968 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 


