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INTRODUCTION.
ater is often carried from place to plrce in
artificial channels, such as troughs, aqueducts,
ditches and canals. .. launder is, specifically
speaking, a trough, and i% ie with this that this
article will tresat.

it is the purpose of this investigation to
discover, if possible,first, the maximum carrying
power of water when transporting chert; second, to
find t71 relation existing hetween the velocities of
different cized chart.

The experiments of different men have been
conmlted, and a brief account of their results is
given. It wns deemed advisable to put their work
first, following with our results.

Owing to the lack of data, we cannot give a
very extensive account of the early life of launders,
80 will concentrate our efforts, from the standpoint
of history,to the experiments of the last few vears.

Our conclusions are summarized at the end, but
each test has its conclusion following it.

411 drawings and tables are with the test to

which thev are connected.



HISTCRY,

Hydraulic transportation has been kncwn since
Solomon's time,but the investicating of tha power
that allowed thie transporting, was net studisd until
the lest century or two.

In designing an open rectangular trough or
launder, there ic a certain ratio ¢f breadth to depth
which ic most advantageous, bhecause that therahv
either the discharge is ths createst, or the least
amount of material is required for its constructien.
This advantageous prenortion, is the one which offers
the least frictional resistance to the flow, and may
be applied te ore and water as well as to water alones.
In a very wide and shallow troagh the friction is
oreat, and the sans is true for cre <f small width
and lorge depth. I* is now & question 2o to the heat
sroportiens for leaet friction,

The head lost in friction is directly pro-
pertienal te the wetted perimeter, ond inversely to
tLs water croese-section. In order that thia mav be
the least possitle, the wetted perimeter chould he a
ninimm for a given area, nr the area should be a

. divided by
maximum for = givem wetted perimeter. But the area &f-
the wetted perimeter is the hvdr-mnli~ radius or

a
Reww, Winsh therefor is to be a maximum, subject to
P



the other conditicne ¢f thes problem. ™his is a ceneral
rule,appliahle t2 all kinds of channals.(lierrimen)
The following, concerning laund«rs,is taken
from the Ingineering and lining Jonurnal of 4ipril 10,
1910,under the heading” Ore Dresriar ia the Joeur
de'alene Lisirict”. The lawalars in this disirict ars
. Ly n
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1 3%331 and iron.
1t was found that the wear in the flat bottomed launder

[ -

wae greatest in the conlor, reoswdless 7 vlops.This
was probalby due to the sides throwing the bulk of the
ore to the center.It was also found that the greater kh
the velocity of water,ths greatar the rotation and
conseqaent impacts of coarse piaces of ore and tailing.
"he axperiments with different al opes tended tc show
that a maximum carrying power of the water could be
reached ,and that on a small slope the ors would tend
to dam up,always starting at the point whers the
bottom was worn the most.

B.K.Blns in 1906,(3.and 1.J.Vol.84),conducted a
series of expariments to determine tha conditiond as
to -rade and velocity under “hich sand, in a mixture

of sand and water,would fall to the bottom,naturally,



of the launder and fill up so that the raterial would

run over.ile also desirea tc kuow what elfesct sand in
suspension would have on the cosfficiant of fluid
friction.The apparatus he emploved, consisted essentiallv
of a small launder in which a contimnuous and constant
flow of material cculd be maintained. This was done by
means of a centrifuzel pump, which returned the

material fron tle lowver end of the launder to a

supply tank abeve the upper end. The amount cf
material was remulated bv a ate in the bottom of the
delivering tank.The apparatus was arranged with a
deflector at the dischar~e end of the launder, by
which the material coulé he suddenly deflected intc

a measurins tank, and then deflected into the receiving
tank whenever desirable.The quanity of [low was
deterrined by noting the time required to fill the
receiving tanic up to a certain mark. Br experimenting
with the results of his observations he discovered

that the quanity with which the propertion of sand

in suspension benrs the most well-defined relatiom,

i@ tha clnna af tha launder. Plotting the propertion
of sand to the velocity, indicates an aparent relation-

ship of the proportion of sand, of about the sixth



powver of the velocitr, but wilh a very probable error.
But plotting a -uanity of sand in suspension, as a
funclicn of the slope, a well defined relationship
is notea. Irori this hie found that the squation hetween
S, the grade of the launder, and ¢ ‘the proportional
quanity of sand, may be written S—AQm where X and
m are coefficients depencing on the exyeriment.
In experimenting with slime and sand, he found a curve
similar {¢ sand alone but some distance {rom it;
shewing that the presence of sand in large quanities
and slime in small, produced a marked reducticn in
the fluid resistance occurriag in the launder.
Phillip /rgall, in the Report of the Canadian
Zinc @ommission, stated that the practice of British
Columhia mill men was to use excessive amounts of
water, while on the other hLand the lMexicans ueed
as little as possible. The latter is considered the
best by most experienced mill men.
It has heen showa by mathimatical analysis,
that the ccnditions for securing the maxirmm amount
of power through a conduit of cconstant diameter,

without economy of water,is that the draught from the



pipe should be such that the frictional loss will be
one third of the static head.(Zng. ews.lay 4,1903).



TOANEDORTATION CF CHMERT I LAUNDERS.

-2inc the statements in the introduction as =
hasie to worx from, we come to the investieation
proper.

™ha firat problem was the buildine ol the
necsgsary aopparatus. 4 leaunder was constructed ond
tn~ hopper,fead hoxv, eamp lank, =upriv tank and the
meacuring tank were put in as shown in the
eccompaning drawings.Since « small amount of water
was used for the measuremeat of quanity, a tank of
known capacity was used to catch the water during the
tirne docired. This tank had a water gauge attachmeat,
that permitted the reading the heicht of water direct.
The tank was also on a pair of scales by which the
weight could be obtained.

at the beginning of the experimemt, the water
gauge was made to read gero; ané the water then allowed
to flow in,ths time between the beginning ard the end
of the exgeriment determined by the use of a watch.
The time was always of sufficisnt length to over-come
any possible errors in reading the watch {or a short

time..it the close of the test, md after the surface



of the water has become quiet, the geuge is read,
giving the depth that has flowed in during the
observed time. This result multiplisd by the arsa of
the cross-section gives the volume. and the last result
divided by the number of seconds will rive the
discharge per second.Knowing the specific gravity of
the ore used, the amount of ore can he calculated,
having obtained thoo fwfo/’ igyhy& fle);_r fn}gar}%’oifn t}}fu ﬁzaelross.

Q1 In obtaining the cross-section, the following method
was usad. Drive a nail in the bottom of ~ meter stick
end read the .entimeters from the bottom of tle
lounder to & stick neiled ecross tre {cp.hhen water
is flowing through the lewncer, fing the nwler of
centireters belwern le stick wne tle surloce ol tlhe m
water. Subtracting this from the distan:s to the
bottom of the launder, will give you the depth of
water flowing. The width can be measured direct.This
meathod enables vou to obtair thse cross-section to a x»
very accurate point.In this manner, by varying the
water supply, a series of observations sould he
odbtained for different oross-sections as well as
different slopes.Ths widtk of the launder can easily

be changed by nailing boards on the inaide of the



launder.

The feed came from a hopper ange the upper end
of the launder, and was fed into it by 2 gl iding
plate that was worked by hand. ‘n eccentric was first
ottached to the rod re;ulatimg the feed, bhut it was
fcund that this methsd would deliver an insufficient
amount of ore to the launder. All the fead was sized,
four sizes being thought sufficient.The sizes used
wvere; ore on 7m.m. and under 10m.m., on Sm.m. and
under "m.m., on 2.62m.m. and under OSm.m., and finally
all under Z.62m.,m.This was as nearly pure chert as
the ceclogic condition# of the surrounding country
permitted.Its specific gravity was found tc he 2.62.

after out-lining our general course and con-
structing our apparatus, we were ready to taxke
data.This data was plotted and conclusions drawn from

each test.The conclusions proper wers taken from a

study of the resulting ourves.









WMOST ZCONCMICLL CRO35-SLCTION.

The depth of water current was obtained with
and without ore fcr = specified sl ope, increasing the
depth with each experiment, so as to permit the finding
of the best hydraulic radius. The ratio of ore to water
was found to increase as the hydraulic radius. The
investigations were carried on in this manner until
the ratio of breadth to depth was 2.5, when the
banking up of the ore caused us to abandon the
experiment at that pcint. Tuheegrent teets proved
that the maximum carrying power of the current was
when the quanity of water was flowing at its maximum
rate,i.e0. on its maximum slope, and the ratio of
breadth to depth was about 2.0.

Different cross-sections were tried, all tending
to prove that the greatest carrying power of water for
ore, occurs when the ratio of breadth to depth is
between 2.5 and2.0.

The following tables are the ones from which we
base our conclusions. All the tests for the following

table, were made with 7-5mm. ore.
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Slope. width, Depth ater, Depth Cre+ilater.

7 cm. cm. cm. Test No.
1.0 11.8 2.2 2.5 1
" " 1.6 1.9 2
" " .3 1.5 3
" 9.8 2.8 3.3 4
" 7.2 3.2 3.8 5
2.0 11.8 1.7 2.1 6
" " 1.1 1.4 7
" " 2.1 2.6 8
" 9’f 1.1 1.5 9
" 7.2 3.1 3.5 10
3.0 11.8 1.3 1.5 11
" . 1.6 2.6 12
" " 1.3 1.8 13
4.0 11.8 0.9 1.3 14
" " 1.6 2.2 15
" " 1.1 1.5 16
" " 0.8 1.1 17
" 0.8 2.2 2.7 18
" " 1.4 1.9 19
" ”.2 2.5 3.0
" " 1.4 1.9 21
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Slope. width. Jepth Tater. wepth Ore+later.

% cm. cm. cm. Test No.
5.0 11.8 1.7 2.3 22
" A 1.1 1.5 23
6.0 11.8 c.8 1.1 %4
" . 1.4 1.8 25
" " 1.1 1.5 2
" " 0.7 1.0 27
" 9.8 1.8 2.2 28
" " 1.3 1.8 29
" " 0.9 1.3 30
" 7.2 2.4 2,9 3l
" " 1.4 1.9 32
8.0 11.8 1.5 1.7 33
" " 1.6 1.4 34
" " 0.7 1.2 35
" 9.8 1.9 2.4 36
" " 1.4 1.8 37
" " 0.9 1.3 38
" 7.2 2,2 2.7 39
r " 1.3 1.8 40
" N 0.9 1.4 41



Slope. width. Depth.ater, Depth Cre+Tater.

b cm. cm, cm.Test No.
12.0 11.8 1.5 1.9 42
. 9.8 0.9 1.5 43
" " 0.6 l.4 44
" 9.6 1.5 2.2 45
" " 1.2 1.6 46
" " ¢.8 1.3 47
" 7.2 2.0 2.5 48
" " 1.3 1.8 49
" " 0.9 1.4 50
15.0 11.8 1.1 1.5 51
" " C.8 1.6 52
" " 0.5 1.3 8
" 9.8 1.4 2.0 b4
" " 1.1 1.6 &b
" " 0.6 1.0 56
" Te2 1.9 2.5 O
" " 1.5 1.9 58
" " 0.8 1.6 B9



The following results are under same conditions
regarding slope, depth of water and depth of ore and

water as the preceding table for its specified slope.

Slope. Kg.ater. rg.Cre. rrea ater.
. Xg. Kg. sq.cm. Test No.
1.0 113.0 -—-- 25.96 1
' 82.0 -——- 18.90 2
46.0 -—- 15.39 3
" 102.0 -———= 27.50 4
" 103.0 - 23.78 5
2.0 94.0 ———= 20.10 6
" 52.0 -—- 13.10 7
" 74.0 0.6 20.60 8
" 42.4 2.7 10.76 9
" 100.0 0.5 22,30 10
" 35.0 ——- 9.40 11
3.0 124.0 0.9 18.90 12
" 76.0 0.2 15.30 13
" 46.0 —-— 10.60 14
4.0 117.0 1.2 18.90 15
" 77.8 3.4 13.00 1€
" 42.8 0.5 24.00 17
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Slope. £g. Tater. sg.lre, area nater.

7 Xge Kg. 8q.cm. Test No.
4.0 110.00 2.7 20.96 18
" 62.00 1.2 13.7 19
" 110.00 — 18.0 20
" 49.C0 0.5 10.0 21
5.0 115.20 4.8 20.1 22
" 72.0C 3.C 13.0 23
47.300 1.5 9.4 24
6.0 130.00 0.2 16.5 25
' 80.40 3.7 13.0 26
" 43.00 3.7 8.3 27
" 112.00 8.7 17.6 28
" 76.00 4.6 12.8 29
" 65.0 0 2.0 8.8 30
" 108.0 5.1 17.3 31
" 52.0 2.4 10.0 32
8.0 89.6 12.3 17.7 33
A 74.8 8.8 11.8 34
i 44,1 5.1 8.3 35
" 98.00 8.6 18.6 36
" 72.0 4.2 13.7 37
" 42.0 3.8 8.8 38
" 112.0 7.8 15.8 39
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Slope. Kg.llater, Kgelre. irea ‘ater,

% Xg. Kg. Sq.cm. Test No.
8.0 40,0 3.2 C.4 40
" 4.0 2.1 6.5 4]
12.0 .,v 23.0 17.7 42
71.0 14.4 1C.6 43
" 43.0 11.2 7.1 44
" 114.0 12.9 14.7 45
" 81.0 19.5 11.8 46
" 47.2 10.2 7.8 47
" 112.0 15.0 14.4 48
" 99.0 11.4 9.4 49
" 33.0 4.7 6.5 50
15.0 97.6 27.7 1§.0 . 51
" 56.1 18.9 9.4 52
" 29.5 6.2 5.7 53
" 116.0 30.0 13.7 54
" 70.0 22.0 10.8 55
" 7.0 7.0 5.9 56
" 107.0 22.5 13.5 57
" 54.0 15.0 9.4 58
" 26.0 6.6 5.8 59



The following results are under the same conditions
regarding slope, depth ¢l water etc. as the preceding

table,for its specified slope.

Slope. zrea (re+iater. Vel. Water.

% 8q.CI, leters par ilin. Test No.
1.0 20.0 43.0 1
" 22.42 43.0 2
" 17.7 31.3 3
" 32.3 37.0 4
? 37.3 43.5 5
2.0 24.7 46.0 6
" 16.5 40.0 7
" 25.5 36.C 8
! 14.7 30.2 9
" 25.2 45.5 10
" 10.8 38.0 11

3.0 30.7 6545 12
" 21.2 49.5 13
" 15.3 43.5 14

4.0 26.0 62.0 15
" 17.7 60.0 16
" 13.0 46.5 17
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Slope. irea (Uretiater. Vel. Yater.

A £1.Cm. Veters./min. Test No.
4,0 26.5 0l.C 18
" 18.6 46,0 19
" 21.6 61.2 2C
" 13.7 42,0 21
5.0 27.1 56.1 22
" 17.7 55.8 23
" 13.0 51.0 24
6.0 21.2 78.0 25
17.7 61.8 26
" 11.8 53.0 N
g 21.6 64.0 28
" 17.6 59.2 29
" 12.7 74.0 30
" 20.8 62.5 31
" 13.7 52.0 32
8.0 20.1 50.1 33
" 16.5 63.2 34
" 14.2 54.0 35
" 23.5 53.0 36
" 17.6 52.1 37
" 18.7 48.0 38



Slope. srea Ore+iater, Vel. Tater,

7 Sq.cm. Meters ./min. Test No.
8.0 19.4 71.0 39
" 13.0 53.0 40
" 1C.1 52.5 41
12.C 22.4 53.C 42
" 17.2 A7.0 43
" 16.5 60,5 44
" 21.6 78.0 45
" 17.6 68.5 46
" 12.7 6C.5 47
" 18.0 77.5 48
" 13.0 100.4 49
" 10.1 51.0 50
15.0 17.2 75.0 51
" 18.9 60.0 52
" 15.3 52.0 53
" 19.6 85.0 54
" 15.7 64.5 55
" 9.8 45.6 56
" 18.6 78.0 57
" 13,7 57.0 58
" 11.5 45.0 59



The fcl owing results are undsr sare conditions
rerarding sloge, Jepth ol water etc. as the oreceding

table, for its specified slops.

Clope. Vel. Cre+iater. Zatio 3readth to Tepth.
4 eters/min. cr.  water. Test No.
1.0 38.0 .18 1
" 32. .13 2
" 27.C .11 3
" 2¢.0 o 28 4
" 3.0 «46 5
2.0 38.0 14 6
" 32.C .09 7
" 2¢.0 21 8
" 29.0 .11 9
" 34.0 43 10
! 32.0 1€ 11
3.0 38.0 .13 2
" 35.0 .11 13
" 3C.0 .08 14
4.0 45.0 .13 15
" 44.0 .09 16
" 33.C .07 17

~
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Sleos. vel. (re+Vater. at io Breadth to Depth.

h Vstars/min. iater. (. Test No.
4.0 43.C .22 18
" 32.0 14 19
" 0.0 «3b 20
" 35.0 .19 21
5.0 42.0 .14 22
" 40.0C .09 23
" 37.0 .07 24
6.0 03.0 J11 20
" 46.0 .09 26
" 23.C .06 27
" 54.0 .18 28
" 44,0 .13 29
" 55.C L2 30
" 54.0 e 33 31
4C.0 .19 32
8.0 45.0 012 33
. 46.0 .09 34
g 33,0 .06 35
" 61.0 19 36
42,0 .14 37
" 34.0 .09 38
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Slope. Vel. Crotiater, Rat io Breadth to Depth.

o maters/min. rnater. cm. Test No.
Beu 58.0 .30 32

" 40.0 .18 40

" 34.0 12 41

12.C 46.0 .12 42
44, C .08 43
" 26.C .05 44

N BE.C .10 45
" F1.C .12 46
" 41,0 .C8 47

" 67.0 .0 48
" 44.0 .18 49
" 36.0 12 50
15.0 63.0 .09 51
" 21.0 .07 52
" 21.0 .C4 53
" 61.0 .14 54
" 52.0 .11 55
" 32.0 .06 5
" 66.0 .26 57
" 45.0 .18 58
" 34.0 .11 59
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The following results are under seme conditions
regarding slope, depth of water etc. as in the preceding

tables, for its specified slone.

“loye. Aatio Breadth to Depth. Ratio {g. Jre
% water + Cre. to ig. ‘ater.Test No.
1.0 o 21 —v-
" .16 --- 2
" .12 --- 3
" .32 --- 4
" « 02 --- 5
2ev .17 --- 6
" .11 --- 7
" »25 .C1 8
" .10 .06 9
" 50 .005 10
" « 20 o= 11
X0 22 .008 12
" .15 .003 13
" .11 - 14
4.C .18 Q1 15
" .12 .04 16
" .09 022 17



Slope. Ratio Dreadth tc Depth Ratic g. Ore.

1 vater + Cre, to Xg. Water. Test No.
4.0 .28 .025 18
" .19 .320 19
" .41 .003 20
" .26 .041 2l
5.0 + %0 o4 %
" .12 .032 23
" .C9 .C7C

6.0 .15 . 046 25
" .12 .080 26
" .08 0™ 21
. oo .060 28
; 18 .030 29
" .13 047 30
" 40 .047 31
" .26 137 32
8.0 14 A7 33
" .11 114 34
’ 10 .085 35
" .24 .C58 36
" .18 093 37
" .13 075 36

04—



Slope. Ratio Breadth to Depth. THatio £g. Ore

1 et ar + Ore. to Kg. ‘Vater. Test io.
6.6 .57 . 069 39
’ .25 - 065 0
" .16 .062 41
12.C .16 244 42
" 12 .203 43
" 11 . 260 44
., .2 .113 45
" .18 . 240 46
; .13 216 47
., .35 .134 48
y .25 114 49
; .16 141 50
15.0 12 283
" .13 .336 52
" .11 .210 53
. .20 . 261 54
" .16 .314 55
. .10 « 260 56
\ .35 .210 57
. 2% 14 58
N .22 «263 59
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The fecllowing results are under the same conditions
re;arding slope, depth of wsater etc. as in the preceding

tables, fcr its specified slope.

Slope. ILiters Cre.Test lic. Slope. Liters Ore.Test No.
% per.min, jo per.min.

1.0 -—- 1 4.0 5.4 18
" - 2 " 2.4 19
" - 3 " -—- 20
" - 4 " 0.3 21
" -— 5 5.C 9.6 22

2.0 - 6 " 6.0 23
" - 7 " 3.0 24
" 1.2 8 6.0 18.2 25
" 5.4 9 " 7.4 26
" 1.3 10 " 6.8 27
" - 11 " 17.4 28

3.0 1.8 12 " 7.2 29
" C.4 13 " 4.C 30
" ——— 14 " 10.2 31

4.0 2.4 15 " 4.2 a3
" 6.8 16 8.0 24.6 33
" 1.0 17 " 17.6 34
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Slope. Liters Jre. Test Slope. Liters Ore. Tost

% per.min. No. A per.min. No.

8.0 10.2 35 12. 30.0 48
" 17.2 36 " 22.4 49
" 8.4 37 " 9.4 50
" 7.6 38 15.0 55.4 51
" 15.6 39 " 37.8 52
" 6.4 40 " 12.4 53
. 4.2 £1 . 60.6 54
12.C 46.0 42 " 44.0 55
" 28.4 43 " 14.0 56
" 22.4 44 " 45.0 57
" 5.8 45 " 30.0 58
" 31.8 46 " 13.2 59
" 20.4 47



™ FIND TEZ RIL.ITION OF TiHZ MOUNT OF WATER ANT SLCPA
REQUIRZD 7C C.RRY . GuVIN SIZ3D ORE, THI W.TIR
CHANNTL HAVING 4 CIVAEN HYDRAULIC RADIUS.

We used four sizes of chert, 10-7mm, 7-5mm,
5-2.6mm,and 2.6-0 mm. Zach size wes carried with a
conetant width of weter and three different depths;
namely, 1.8cm, 1.5cm, 1.2cm.

The experiments whose results are tabulated on
the following pages, were performed in tha same manner
as those previously described.

The object in securing this last series of
data, was to check the results first obtained, and to
do the work in such a manner that any varving influence
of hydraulic radius, would be el iminated in each set
of experiments. For this purpose, a constant width of
launder ,7.2om, was used, and bv varying the amount
of water, a constant depth of current was secured
on all slopss.

The results of each set of depths for each

product, are put under separate headings.

-98-



TaBLL IF THA REZLATICKTIIP BITWEEN SILAED ORES, SLCPI
AR WATER,AVING 4 CCRSTANT BRZADTH RO DITTH.

vepth of water, 1.8cm.

) e

Slope.
%
3.0
5.C
7.5
10.0
12.5

15.0

Kg.
62.8
68.3
8%.6

104.0
121.2
135.1

_do-7mme. Chert.

Depth of "ater, 1.5om.

3.0
5.0
7.5
1C.0
12.5
15.0

46.8
56.2
71.7
84.4
95.2
105.0

Liters., Xg.Cre.

per.ilin. per.min.
62.3 0.7
67.5 1.3
86.3 5.6
97.9 10.3
111.5 16.2
122.4 21.1
46.4 0.8
55.5 1.2
.5 3.7
80.0 7.4
89.1 10.2
96.0 16.7

rg.liater.

per.min.
62.0
€7.0
84.0
93.7
105.0

114.0

46.0
55.0
68.v

7.0
85.0
89.7

¢ Teight of ore plus water per.minute.

width of Launder 7.2cm.

Cre to
water,
012
.019
.066
110
.150
.185



Capth cf Tater,1.2cm,

SlOLJe.

7.5
12.0
12.5
156.0

“epth of
3.¢
5.0
7.5
1C.C
12.5
15.°C

*7eight of ore

‘, - bunn .

wte® Liters,
Le L tLel I,
3b.C 34.7
45.5 45.3
5€6.7 5b.4
4.0 62.8
‘3.2 62.°2
8l.2 75.1
Tater, 1.8.
66.C 65.5
69.3 €8.4
ec.e a7.3
3.6  1Cl.6
123.C 112.8
139.2 126.6

&

aiebre.  npaelor. Ure Lo
Jrhelliia tlel RURYSPRN
.5 34.0 014
.8 44.7 620
2.0 55.C .036
4.0 62.C .C6H
6.7 66.5 100
1C.2 71.0 .144
Chert.
T1dth of Taunder 7.2cm
24 6b.C .C14
i.5 67.7 .026
7.1 83.8 084
11.6 7.0 .12C
16.9 106.1 .16C
22.6 116.6 .194
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Depth of "ater, 1l.bcm.
3lope. Wt.* Titers. FEg.Cre. [g.Mater. Ore to

e “g. oper.min. o»ner.min. per.min. Tater.
3.0 4b.C 44.6 .67 4.0 .015
5.C 56.5 5b.6 1.50 55.C 028
7.5 74.3 71.3 5.CC 69.3 .072

10.0 86.8 63.0 8.8C 8C.C 110
12.5 an.l c%.8 12.1C 85.0 .142
16.C  107.7 7.8 16.40 91.3 .18C

Depth of “ater, 1.2cm.

3.0 33.6 33.2 .60 33.C .018
5.0 44.9 44.3 .92 44.0 .021
7.5 55.5 54.3 2.00 53.5 037
15,0 67.7 64.3 5.70 62.C .092
12.5 4.3 69.1 8.70 65.6 132
15.C 82.6 75.6 11.6C 71.0 164

* Weight of ore plus water per.minute.
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[ o R
~ 2« OMNe _(_“l 2t

oepth of Tater, 1.8cn. 7idth of Tauncer 7.%2cm.
Clogn. t.* Titers.  Ug.0re. reoJiater.  Cre to
h ¥~. per.min. per.min.  par.min. Tatar.
3.C 66T 66.C S $H.8 013
0 71.6 7J.C 250 2.0 038

.5 2.4 86.7 7.9C a82.5 . 004
1¢.0 1C&.¢c  1(1.4 12.6C 98.4 .13C
2.9 124.6 114.1 17.50 107.1 162
0 120.6 23.4C 111.1 .215

Depth of Watsr, 1.35cm.
3.C 50.0 4C.6 .67 49.C .C14
5.C 56.9 EC.1 1.3C 55.6 .024
7.5 72.9 cn.9 4.90 68.0 .C72
10.C ©8.0 °1.8 10.30 gt oL .11€
12,5 1CC.8 93.0 12.80 33.0 .146
156.C 105.2 9.0 18.60 86.6 206

* Weight of ore plus water per.minute.



Depth of Tater, 1.2cm.

Sloge. atex liters. rz.lre,  FooTater.  Cre fo
o Kg. per.min. per.min. per.min. tater.
3.0 32.0 1.7 o8 31.C .016
5.0 43.4 42,9 .8 42.5 .020
7.5 5€.6 T 3.1 £3.5 .C56
1C.0 6742 G3.6 6.0 6l.2 .098
12.5 76.1 7C.6 9.1 67.C . 136
15.C 83.7 75.5 13.7 70.C .195
2:0-0 mm, Chert.
Cepth of “ater, 1.8cm.
3.0 65.9 65.1 1.3 G445 .020
5.0 7323 71.3 3.2 7C.0 .046
7.5 0.7 65.6 8.5 62.2 .104
10.0  112.6 10C.8 19.6 93.0 .210
12.5 142.0 120.C 36,7 105.0 .350
15,0 156.8 13C.0 14.8 112.C .4C2

* Veight of ore »nlus watoer per. minute.
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Septh of Water, 1.5cm.

Slope. Tt Liters. Kg.Cre. Kg.tater. Cre to
% Yg. per.min. per.min. per.min. Tater.
3.0 45,7  45.0 72 45,0 V16
9.0 55.9  54.6 1.9C 54.C 036
7.5 73.4 €9.6 6.4C 67.0 . 096
1.0 1.6 63.° 12.90 78.7 .164
12.5 108.8 96.0 21.3C &7.5 . 244
15.0 120.3 102.7 29.30 ¢1.0 .322

Depth of Water, 1l.2cm.

3.0 35.6 35.2 . D€ 35.0 .16
5.0 42.0 41.4 1.02 41.0 .025
7.5 60.5 57.8 4.50 56.0 .080
10.0 7.9 65.6 8.90 62.0 .144
12.5 78.2 70.4 13.50 65.0 .2C8
15.0 92.2 80C.1 20420 72.0 . 280

* Weight of ore plus water per. ninute.
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GRAPHICAL RAFRASIANTATION OF CURVAS.

«lcte No.1 shows the relation of slope of
launder to the ratio X, of ore to water, for a water
current 7.2cm. wide, 1l.8cm., 1l.5cm. and 1l.2cm deep.
The ore used is 10-7mm.

Plate No.2 shows the same relations under the
same ccnditions, excepting the size cf ore, which
in this case is 7-5mm.

Platc ho.3 shows the same relaticn under the
same conditions as the above, excepting that the
size of ore used is 5-2.6mm.

Plate No.4 represents the same as the above,
under the same conditions, except that the ore in

this case is 2.6-0 mm.
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DERIVATION OF THE FORMULA Se=K+CR.

from the precedinc enrvee, obtained from the
data obtained during the investigation, it is
aprarent that an equation is applicable to them,
since ther 31 tend to form a straight line.The
equation of a straight line from analytics, is
y=ax+b, where a and b are covrtants depending on
the conditions of the problem. In the present case
S is the slope or the grade, and therefor thse
aame as y in the above rule.Letting b=K and the
distance measured vertically from the origon as in
the analytiocal equation. Letting x=R or the ratio of
ore to water, and a=C or the distance measured
horizontally from the origon to the vertical line
passing through the point chosen, it is evident that
our results can be formulated the same as the
analytical. Therefor we have the equation S=K+(CR
as the one applying to our ourves.



TaBLy < CONSTANTS rOx F RIJLA S=K+CR.

Value of K.
Ratio Breadth to DNepth. Dize of (ye. K.

4 10-7mm. 3.4
4 7-5mm, 1.8
4 5-2.6m. 2.6
4 2.6-0mm. 3.5
5 10-7mm. 3.4
5 7-5mn. 3.0
5 5-2.6mm. 3.4
5 2.6-0mm, 3.5
6 10-7nm. 5.0
6 7-5mm, 4,9
6 5-2,6mm, 4.4
6 2. 6-5mm, 3.6

-37-



Value of C.

Ratio Breadth to Depth.
4

S O Oy OO0 1 O Y Y>>

Size of Ore.
1C-"Tmm.
7-5mm,
5-2.6mm,
2.6-Cmm,
10-7mm,
7-5mm.
5-2.6mn.
2+ 6~Cmm.
10-7mm.
7-bmm.
5-2.6mm.

2. 6~Ommo

C.
62.1
(8.C
58.0
32.0
72.8
47.2
60.0
3€.0
72.8
62.0
56.U
48.0



EQUATIONS OBTAINZD 5Y SUBSTITUTING CUNSTANTS IN THZ

FORITULa S=K+CR.

1C-7mm. S=3.4+62.1(R). For § sub-.cript 0.25,

S=3.4+72.8(R). " S subscript 0.20
S=5.0+72.8(R). " S " 0.16
7-5mm, 5=1.8¢68(R). "8 " 0.25
S=3.04+47.2(R)s " 8 " 0.20
5=4.9+62(R). "8 " 0.16
5-2.6mm, S=2.6+58(x). " S " 0.25
S=3.4+60(R). " S " 0.2C
Sw4.4+56(R). "8 " 0.16
2,6-0mm.  S=3.5+32(R). "3 " 0.25
S=3.6+38(R). "3 " 0.20
S=3.6+48(R). "8 " 0.16

The above results tard to show that the slove
increases a8 the relation of breadth to depth

decreases, and as the size of the ore increases.
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APPLICATION OF TABLES AlD FORMULA T. 4 PROBLIM.

To show the applicetion of our formula and the
data given, a rumericel problem will *» riven ~nd
morzed Y the use of the curvee, formula ~nd data.

How much water will i' take to transport twenty
five tons of 5-2.6mm quartz per twenty four hours,
over a slops of seven percent ? The cruss-section
ratic (breadth to depth) being 4.

3=X+CR
Using table for constants, K=2.6 and C=58.
o is given as 7%
Therefor 7=2.6+58R
or R“zi§*§’°07

and ﬁ? ES =13.1 Tons of "ater/24 hours.

Using the curve table heeded 5-2.6mm, and a
seven percent slope, we find that the ratio of ore to

water(R) to be .07 checking our numerical work.
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SUMIIARY O CCNCLUSIONS.

The conclusicre arrived ot [or the investigaticn

are sumrarized as follows;

ll

The maximum carryisge nmower of a current f water

in a launder, w:s when tte quanitv of wsater flowine,
was at its moximum rate, i.e. whern flowing on the
maxirum grade, and tis ratio of breadth to depth
was 2.

The ratio of ore to water increases with the
hrdraulic radius.

The s1c,e ©f the lannder necessary to carry ore

ana water, in given proportions, is a linear

function of the ratio of ore tc water.
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