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12 Claxms

-This-invention relates.to an amproved method
of cooling the air in underground mine workings
.and- is particularly applicable - to ~deep- mines
where high temperatures are the rule. - :

- According to. an earlier application it 1;5’ pro- 5

posed positively t0 evacuate dust-laden: air from
_.mine workings ‘by means of & suction -conduit
_system arranged.to: extend from the surface to
the underground shafts and working places. The

said conduit system ‘branches in- all directions (¥

throughout the mine and each branch is -pro-
vided. et spaced intervals with valve<controiled
 openings which openings are arranged at . the

-lewer ‘points or depressions in the workings to-

wards which the dust particles ‘nermally tend to <% -

-gravitate. The means at- the surface for creat-
ing a partial vacuum in the conduit system may
_comprise an evacuating pump or the like.

- --Accordingly the present invention consists 1n

the provision of ‘a suction.conduit system ex- 20

tending from the ‘surface to the underground
shafts and working places,Ineans: at the surface
for evacuating air from seid conduit system .so
as to create s partial vacuum therein, means in_

‘the' form of restricted resistance-creating :inlet’ ‘?’

aperfures to cause ‘controlled adiabatic expansion
of - the constant. entropy or isentrepic -process
type, of the mine air inte the cenduit system-:io -
cool it -and -utilising the conduit system as heat,
exchanging means t0 extract heat from the mine .
air in- cohtact therewith; whereby the workings
ave - cooled -by air drawn from:the ‘bottem.:; er
lower levels upwardly. By mine air-is meané:the
air-in the shaft or-dives surrounding-the.con-._.

-duit system, and which is available to the work- ]

ers. : By exhaust air, as the sterm is hereinafter
-employed-in-the specification and «claims, I mean
the vitiated mine air as it is «drawn-from the
mine exteriorly of the cenduit system, inte the

conduit system and is there sub:rected to a-se- 20

- quetnce-of ‘thermal processes.

‘More: particutarly it is propose'd to msert in
the- ‘conduit: system large expansion chambers
whereby, due to-the drop in-temperature caused .
‘by thé adiabatic expansion of the-air - entering
the -chamberts, cooling of the mine air: surround-
ing ard passing th centact with said expansion
chaihbets’is effected Ly -a transfer of heat from
the mine &ir to the gif being evacuated.

“Theése expansion chambers are -provided at in-'
‘tervals throughout -the conduit- system and--at
-positiéns in” the mine workings where they will
be mbst effective in cooling the mine-air. -The
‘said -chambers are -provided with Jlarge.coeling
sirfaces to enstie the maximumn transfer-of-heat.’
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It ‘will -be: understood that the drop in- tem-
perature through adiabatic expansion;: will also

take-plage in:the ducting forming the conduit
‘system, ‘and -this ducting will be consfructed and

arranged-insuch a manner that it acts effectively
to assist ceoling the mine air.  According to-the
method of the present invention air in the under-
ground. workings of a mine is cooled by heat ex-

" change with -air drawn’ from the botiom or lower

-levels: upwardly -in contradistinction. to- knewn

" . methods ‘where cooling -is effected. by heat ex-
_-change with air drawn from «t}ne surface down-
~wardly.

in applymg the mventmn 1t is proposed that,
where- a. Series -of pipes converge, incoming air
is arranged. to pass around the plpmg for pur-
poses ‘of being cooled.-

- According t;opresent practice dust-iaden air is
withdrawn from mine workings by means of ex-

“haust $runking which- terminates in the mine

workings: in-dust-collecting chambers. .
According to the present invention control

Svalves and. heat exehangers are suitably inter-
-,spersed onall: exhaust trunking -extending from

these dust-collecting.chambers so-that the adi-
abatic expansion of ihe .mine; air-as it. passes

-=»through these-passages will give a degree of cool-

ing which is-thus cemmunicated. o the mine air.
. On all exisiting mine -ventilation systems 'of the
suction type, contrel: valves,; Venturi -ducts- and
like -menns for:reducing: er throttling the air
flow-are employed 40 cause. v slight degree of ex-
pansion and so give a cooling effect. - Suetion
‘heatds or filbering heads may or may: not be con-
tained in a suctmn exhatst system; in-cases where

~valves are’ in existence:for nentrollmg the air

inflow.
‘On mll -existing exhaust -conduits: zeﬁectlve ineat

‘extraction may be increased-by - painting such

conduits - bloek and providing them with fins.
The-exhaust 4runking is - further provided with
reducing air intake-apertimes where required’ for

-controlling -air i expansion. Sueh- -apertures are

preferably in the form of replaceable nozzleshav-
ing & streamlined -interior ‘shagpe to reduce ’ﬁrlc—
tion losses.

.- Air resistance by means of ﬁltermg and suctlon
heads may be -ereated in' the suction system .50
as imbtentionally to-restrict the ,ﬂcrw rotf air for

L expansion purposes.

The air expansion chambers or heat ekchangers

‘included in .a suction system are provided with

means for extracting condensed moisture which
is liable $o-.collect therein- Such means may

55 consist--of Water—collectm,g chambers provided
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with the necessary stop cocks or valves for iso-
lating such chambers for drainage purposes.

In order to increase the degree of suction in
the dust-collecting chambers air ejectors oper-
ating from the existing compressed air conduit
may be employed. Fans may be embodied in the
exhaust conduit not so much as boosters but as
means to localise the vacuum effect or sub-at-
mospheric pressure for air expansion purposes.

The invention also includes the provision in

existing or new ducting of a valve or valves ar- -

ranged for automatic opening or closing whereby
intermittent expansion of air is obtained. The

said valve or valves may be. arranged to be .-
controlled thermostatically or their opening -and.

closing may be arranged to depend upon the de-~

15

gree of suction or velocity of the air entering -

the ducting. In the first mentioned arrange-
ment a thermostatic device such as a bimetallic
strip may be employed, while in latter case spring
tension or the speed of a wind vane located in the
duct may be used.

When thermostatically operated, full opening
of the valve or valves may be arranged to take
place when the mine temperature rises to a cer-
tain degree, which will cause a decrease in tem-
perature in the mine air and the removal of a
larger quantity of air with little expansion, or
-alternatively a rise in mine temperature may be
arranged to cause a partial opening of the valve
or valves whereby the expansion will be greater
but the removal of air lessened. In this latter
case, owing to the volume of air removed being
reduced the British thermal units extracted will
of course be lessened and the temperature of the
workings will rise.

In an alternative embodiment an electrically
operated vibrator valve governed by an electrically
operated governor of the ball type may be em-
ployed in such a manner that its: speed would
control the valve for opening and closing the
duct as desired.

It is to be understood that the present ‘inven-
tion is apphcab]e to existing ventilation systems
as well as to new installations. :

2,386,660

A suction is created by pump 5% disposed on the
surface of the ground., The mine air entering by
this opening is restricted or throttled by the Ven-
turi throat 5 whereafter it expands into the ex-
pansion chamber or heat exchanger 6, provided
with fins T to. increase its efficiency.

In Figure 1b a slightly different form of heat
exchanger is shown at 8. In this case the open-

i0 -ing 8 causes throttling of the inflowing mine air

by being made relatively smaller than the cham-

“ber 8. To provide means for controlling the de-

gree of partial vacuum in the chamber 8, a booster
fan or blower 10 is arranged in serles with the
ducting I. - A vacuum gauge !l indicates the de-
gree of vacuum being obtained.

In Figure 1lc alternatively a nozzle 50.con-
trolled by a valve or cock 51 may be used to con-

" trol expansion of mine air into the suction con-
duit- 1 which will itself then act as heat exchang-
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To ‘enable the invention to be more clearly -

understood and carried into practice, reference
is now made to the accompanying drawings in
“which like reference numerals denote like parts
throughout the several views.

Figs. la-1d illustrate diagrammatically appli-
cations of the invention to the underground work-
ings of a mine.

Fig. 2 is an elevation of an improved construc-
tion for the ventilation ducting,

Fig. 3 is an ‘end section taken on line ITT—IIT
of Fig. 2.

Fig. 4 is an elevation of an expansion chamber
or heat exchanger.

Fig. 5 is an elevation of g modified constructlon'
of exparsion chamber or heat exchanger.

Fig. 6 shows a spring-regulated control valve.

Fig. 7 shows a thermostatlcally-controlled
valve.

Fig. 8 shows a modified form of thermostat-
ically controlled valve.

Fig. 9 shows a valve controlled for intermittent
opening and closing by electrical means, and

Fig. 10 shows a valve controlled by the de~.

gree of suction or velocity of inflow of mine
air.

Referring to the drawings, Fig. la, reference i
denotes a branch of the suction ducting extend-
ing down a shaft 3 into an underground work-
ing 2. One inlet for mine air is shown at 4.

50

ing means. ]
In another embodiment shown in Figure 1d a
filtering head 53 controlled by a valve 54 may be

‘arranged so that the fitlering medium provides
-sufficient resistance to inflow to cause the en-
‘tering mine air to-expand for purposes of cool-

ing the suction conduit 1.

To facilitate the transfer of heat, the suction
ducting may be consfructed in the manner shown
in Figs. 2 'and 3, in which the walls are corru-

‘gated or fluted in a longitudinal direction to in-
“crease their effective area.

Fig. 4 illustrates one form which an expansion
chamber or heat exchanger may take. As shown
it is connected to the suction ducting by the pipe
12 while the inlet apertures for the mine air are
shown at 13 and (4. : Valves 12a, 13 ang l4a are
provided to regulate the rate of inflow and out-
flow and consequently the degree of cooling ob-
tained. Vacuum gauges 15 and 1§ indicate the
actual degree of vacuum at the inlet and outlet
sides “respectively. - The vertical pipes 17 and
18 are connected by a series of horizontal smaller
bore cross pipes {9 provided with fins 28. The
lower -ends of the pipes 17T and {8 lead into &

- ducet and moisture-collecting chamber 21 supplied

with'drain cocks 22. The isolating valves 23 and
24 are provided to enable the chamber tc he
drained when necessary.

Pig.- 5 illustrates another form which a heat
exchanger may take. In this case vertical pipes

25 and 26 ‘are connected by small bore cross

“pipes 21 and top and bottom pipes 28 and 29.

55
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The' bottom pipe 29 constitutes the dust- and

-moisture-collecting chamber and for this pur-

pose is provided with the drain cocks 30. Mine
air enters by the aperture 3t and the apparatus
is connected to the suction ducting by the pipe
32 controlled by the valve 33. A valve 34 con-
trols the inlet aperture 31.

Figs. 6 to 10 illustrate various constructions to
provide for the automatic opening and closing of
valves controlling the inflow of mine air to the
suction ducting 40. In Fig. 6 a valve 35 is ar-
ranged to be opened against the action of a com-
pression spring 36. In Fig. 7 a valve 37 is ar-
ranged -to be opened thermostatically by expan-
sion of the heat sensitive coil 38, In Fig. 8 a but-
ter-fly valve 39 is controlled thermostatically by
a heat sensitive spiral 4f. In Fig. 9 a butter-
fly valve 42 is arranged to be opened intermit-
tently by an electrically operated vibrator coil
43, co-operating with a contact 44 fixed to an
arm 45 actuating the valve 42. And lastly, Fig.
10 shows a gate valve 46 controlled by a governor
471 actuated by a wind vane 48 located in the
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“tacts them, o ttre ‘expanded a?nd cobled iy bemg
’exha,usted :

\ductmg 40, - These: constmctlons ‘are given ‘by
way - of -example and @are not intended -to Iimit
ithie - dnvention to these pa,mcula,r methods Of
“valve control,

- Whgt Iclaim ig— : '
-+ :1i-In Jocalizing the tooling ‘of air prevalhng at
-selected places inthe drives :in a mine ‘working
swhieh  working includés a ‘main shaft and drives

extending: thevefrom, Yhe - inethod " which 'com-l}‘_
<10

prises, in combination, "the steps of drawing a
stream of exhiaust air from the drives into.a prin-
‘cipal Zohe ‘of lower pressure-through branch Zones
~located in said . drives and discharging the air
“fiom said principal zotie outside ‘'of the said work-
dng, transtérring heat ‘from and reducing the’
’tempera.ture of the air prevailingin said sele ted
plates by causing ‘the stream -of ‘exhaust air in
“gach branch zohe to uhdergo 4 controlled adia-
-hatic expanision ‘adjacent each selected place,”
~and: causing heat exchanhee,; while ‘said exhaust’
air is cooled as a result of such expansion, be=
“tween ‘the ‘air prevailing in such selected place
“and ‘the cooled and ‘éxpanded exhaust air in the
partlcular ‘branch zone associated therewith.

3, An improved ‘method of cooling the air in
‘an uhderground - working, comprising” drawing,
‘through a-suction ventilating conduit systeni dis-
. posed " in-said -working, @ ‘partidl vacuum from
the region. of the outlet of said working and
‘thereby, at: gelected ~points in the working; ‘and
by said ‘vacuum, drawing the air ihto said:con-
-duit system, and expanding “it, in ‘a controlled
“adiabatic process, thereby reducing the tempera-~

&5

B

2

28

‘30

‘ground Workinhg,

s

.- 5. Apparatus for cooling the: an- inan “under-
ground ‘working, -having “an -Opening or outlet o

“the surfaceof the iground, comprising ‘o conduit
-§ystem extending from said outlet:into'said work-
“ing;

air-evacuating - means ‘‘connected  theréto
near said outlet for evacuating exhaust air:from
thesystem,:so'as to.¢reate a partial vacoum there-
in; ‘one or more heat-exchange means provided

‘in"said conduit system at'a point or points within
-the ‘working where it is -desired to localize ‘the

‘cooling of the air insaid working exterior to said
‘conduit systein, said heat-exchange means hav-
“ing fotal cross-sectiochal. areas "substantially in-
‘eregsed ‘over that of the :remainder-of the con-
duit. isystem, and having latge surface areas, for
-active heat transfer; and means, having stream-
Jlined ‘interiors, and providihg ‘openings :oh ‘the
up-stream side 'of said heat-exchange means, for

“eausing a.‘controlled adiabatic: ‘exXpansion of the

ailt drawn therethrough into ‘the’ said heat-ex-
‘change ‘means, theréby a.pprecla,bly lowering the
temperature of the air. which is being exhausted,
the heat-exchahge fweans serving to trangfer the
heat of the air exterior thereto, and which ‘con-

“tacts them, to the expanded and cooled AifF bemg

‘exhgusted.

6. Appargtus fo *coolmg the air in-an under-
Villg "an epening of olutlet fo
the ‘surface of the ‘ground, comprising a conduit
system extending from said cutletinto said work-

. ing; air-évacuating means conhected theretonear -

“turé-of the air, and, at selected points within said

“working, fac111tatmg heat transfer from the air

~exteriorly of the conduit system t6 the exparnded
and t:ooled air Wlthln the la.tter, to cool saad ex-
‘bemor air,

© 8. An- 1mpro‘ved ‘ethod ‘of coohng ‘the air in

an underground WOrkmg havmg an opemng or
outlet: to” the -surface, compnsmg Arawing,
h through a ‘suction ‘ventilating conduit system dis-
posed ‘in sdid worklng and having one -or nrore
‘heat -exchange zones dlsposed at - desired ‘points
“thetein; 3 paitial vacuum from the regioh 6f said’
outlet; thereby at selected points in the working,
‘and by said vacuum, drawing the air into 'said
“¢onduit system, and expandlng it, in-a ‘controlled
‘adxaba’clc process, through restricted stream-lined

’openi‘ngs in said' conduit system on ’the up--

stream suie ‘of 'said zone or zones, and at said
ohe or -‘mote heat-excha.nge zones, ‘fael tatmg

‘quit system- to ‘the expanded and cooled air ‘with-
in the latter, to cool said exterior air. ’

4. Apparatus for cgoling the air in an under-
_ground ‘working, -having an opening. or:outlet to
the surface of the ground, comprising a conduit
system extending from said outlet into said work-
ing; air-evacuating means connected thereto near
said outlet for evacuating exhaust air from the
system so as to create. a partial vacuum in the
~system; one or more heat-exchange means pro-
" vided in said conduit system at a point or points
within the working where it is desired to localize
the cooling of the air in said working exterior
to said conduit system; and means, having
stream-lined interiors, and providing openings on
the up-stream side of said heat exchange means,
for causing a controlled adiabatic expansion of
the air drawn therethrough into the said heat ex-
-change means, thereby appreciably lowering the
temperature of the air which is being exhausted,
the heat-exchange means serving to transfer the
heat of the air exterior thereto, and which con-

[,
[~
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“Said outlet for evacuating exhaust @ir from the
system, 56 as to° create a Dartial vacuum in the

system; one or more heat<exéhange tneans pro-
vided in said conduit system at a point o points

“within the working Whete it is desired ‘to localize -
“the ‘cooling of the air in ‘said working exterior to
40

the eonduit system; said heat-exchange  inéans
having ‘total ‘cross-sec iohal ‘areas substéntially
ihcreased oVer that ‘of ‘the temainder of theé con-
-Buit ‘system, and having large surface wreas, for
active-heat transfer; waterscollecting chambérs

~eohnetted to ‘said- heat-exchange ‘eans Tor col-
“lecting ‘condensed moisture: feans for- isolating
said ‘chambers from the rest ‘of the System, %o

‘Permit diainage; and means; having stream-lined
interiors, - and -providing ‘epenings ‘oh the ub-
streain side of said heatiex¢hange means. ‘for
‘causing a ‘eontrolled adiabatic expansion of the
air drawn- therethtotigh into the ‘said heat-ex-

~change means, therehy appreclably Towering the

temperature of the afr which is being exhausted,
the heat-exchange means serving to t¥afisfer the
heat of the air exterior thefeto, and Which éon-
‘tatts thein, 1o thé expanded and eooled aif bemg
exhausted.

7. Apparatus for coohng the air in an under-
ground working, having an opening or outlet to
the surface of the ground, comprising a conduit
system extending from said outlet into said
working; air-evacuating - means connected
thereto near said outlet for evacuating exhaust
air from the system, so as to create a partial vac-
uum in the system; one or more heat-exchange
means provided in said conduit system at a
point or points within the working where it is
desired to localize the cooling of the air in said
working exterior to said conduit system; means,
having stream-lined interiors, and providing
openings on the up-stream side of said heat-ex-
change means, for causing a controlled adia-
batic expansion of the air drawn therethrough
into the said heat-exchange means, thereby ap-
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- preciably lowering the temperature of the -air
which is being exhausted, the heat-exchange
means serving to transfer the heat of the'air
-.exterior thereto, and which-contacts them, to.the

expanded and cooled" air- being. exhausted, and -8

.Booster fans in the conduit system for substan-
-tially localizing the  vacuum effect at. desired

points. . : : o
- -8. :Apparatus: for: cooling the air:in an-under-

ground working; having ‘an cpening or outlet:to 10

the surface of the ground, comprising a conduit -
- system extending from said outlet into said work-
~ing: air evacuating -means 'connected thereto
near ‘said outlet for evacuating exhaust air‘from

the system, so as to create a partial vacuum in 15

the system; said - conduit system being -exter-
nally modified at one or more points along its
length within: the working substantially to local-
ize the heat transfer from -the neighboring air

in said working exterior. to said-'system;: and:20

mieans; having-streamlined. interiors, providing
. openings on the:up-stream:side of -the' modified
~portion or portions of said -conduit system, for
causing a controlled. adiabatic” expansion -of -the

air drawn therethrough: into the-said modified 25

portion or portions of the conduit:system, there~
by appreciably lowering: the temperature: of -the
air which is being exhausted, the modified-por-
tion or portions of:the conduit system serving to

. transfer the heat of the air exterior thereto,and .30

which contacts it, to the expanded and. cooled

air being exhausted. I o
9. Apparatus for cooling the air-in an under-.

ground working, having' an-opening or outlet to

the surface-of the ground, comprising a conduit . 35

system -extending - from 'said outlet . into said.
working; air-evacuating means connected there-
t5 near said outlet for -evacuating exhaust air
~from the-system, so as to create a partial vacuum

therein, one or more heat-exchange means hav- :40

-ing-exteriorly disposed. heat-absorbing fins pro-
vided in: said conduit system-at point or points
- within the working where it is desired to localize
_the cooling of the air in said working-exterior to

" said conduit system; and means; having stream-"45

lined interiors, and providing openings on the up-
stream - side’ of said heat-exchange means; :for
causing a :controlled adiabatic expansion of the
air drawn therethrough into said heat-exchange

_means, thereby appreciably lowering- the tem-""50

perature of the air which is being exhausted, the
heat-exchange means serving to-transfer -the
heat of the air exterior thereto, and which con-
tacts them, to the expanded and cooled air being
exhausted. - L : : Co
.- .10. Apparatus-for cooling the air in"an under-
. ground working, having an opening or outlet. to

-~

: 55

the surface of the ground, comprising- a conduit

“system extending from said outlet into said work-

ing; air-evacuating means connected - thereto
near said outlet for evacuating exhaust air from
the system, so as to create :a’ partial 'vacuum
therein; one or more heat-exchange means ex-
teriorly black in color provided in said conduit
system- at point-or points within the working

‘where it is desired to localize the cooling of the
-air in said working exterior to said conduit sys-

tem; and: means, having stream-lined interiors,
and providing openings on-the.up-stream side
of said heat exchange means, for causing a con-
trolled  adiabatic expansion  of the -air drawn
therethrough into the said heat-exchange means,
thereby appreciably : lowering : the temperature

of the.air which is.being exhausted, the -heat-

exchange means-serving to transfer the heat of

the- air. -exterior. thereto, .- and- which contacts

them, to the expanded and cooled air being ex-
hausted. :
11. An improved method of cecoling the air-in

. an underground mine working comprising draw-

ing, through a suction ventilating conduit system
disposed ;in said working, a partial vacuum from
the  region of the outlet of said working and
thereby, at selected points in the working,-and
by said vacuum, drawing the atmospheric air and
its existing water vapour content into said con-
duit system, and expanding said air, in a con-
trolled adiahatic process, thereby .reducing the
temperature. of the air, and at selected.points
within said working, facilitating heat. transfer
from the air exteriorly of the conduit system, to
the expanded and cooled air within the latter, to
cool said exterior air. : o

.12, Apparatus.for cooling the air in an under-
ground working, having an opening or outlet to

the surface of the ground, comprising a..conduit

system extending from . said outlet into said
working; air-evacuating means connected there-
to near said outlet for evacuating exhaust air
from the system so as to create a partial vacuum
in the system; one or more heat-exchange means
provided in said conduit system at a point or
points where it is desired to.localize the cooling
of the air in said working exterior to said conduit
system; and means for causing-.a controlled adia-
batic expansion of the air drawn therethrough
into said heat exchange means, thereby appreci-
ably lowering the temperature of the air which
is” being - exhausted, . the heat-exchange means

_serving to transfer the heat of the air exterior

thereto, and which- contacts them, to the ex-
panded and cooled air being exhausted..

WILLIAM R. F. LUNT.




