squations (Pownall (1980)). A very dmportant sxperimental’ contribution

wee made by Kelsall (1952) but even so this appopach has not yet been
Frultful,

A-better understending of cyclone performance wae made possible
by the adoption of the 'partition curve' which gives the freutional re-
cavery of each particle size into each of the two products. This curve
hss en S-shape and does not nacessarily pase through the origin. In
1958 Kelsall (1953) distinguished betwean recovary of particles to the
underflow by the sepsrate mechentsms of -entrainment and true classificst-
ien. ‘Me suggested that the rocovery of particles of zers size to the
wnderflow is equal te t4s recovery of the water in the faed to the cyclone
to the undarflow. The vary fine solids in the underflow cen bm regarded
as having 'short circuiied' the classification,

Then as in sub-chapter 16.1.1, when 8 = 0

RyUxD = (R(x) = M/ = A)

i L and A is equal to the recovery of feed water in tha underflow {Oe Kok
18771}

Yoshioka and Hotta {19585) discovered thet the corrected partition
curva, under various condibions, when plotted against o dimensioniess
size paramator tended to solacide with a single curve which they tereed
the ‘veduced efficlency curve' . The reference point they chose was the
05{5 gize, which is the size of particle for which ths corrseted turve
aplits egually inte overflow and underflow,

In ousr two hundred bests on cyclones varying From 100 mm to 408 mm,
tynch and Ras {1875) have confirmed Yoshicke und Hotta's (41855). ob-

! mervation ang 1ts genersl spplicebllity. In & saries of pepars Lyneih and
i his co~workers {1974, 1875, 1878) have shown that:-

O -

(e} The reduwnd sfflciency curve of goomatrically similar cyclones
is & property of tha ore and 38 4 of tyclens di 14-3.8

The critical sdosign veriables ore the fntet and outlet diomsters,’
while the syclono digmater is merely tho gize of the housing
i roquired to carty theae diameters fo normal opuration.

(b

petermlning R)(x) for 8 cyclonn requlres Pinuifg thres paremstars
¢
P gy © By end @ 6r & (sca squatians 17,11 or 17,43) all of which ere
50
! dependent on the cyclena goommtry and cyclona food.




fleny attenpts have bean made to oorrelate Dy, with ‘the cyclone
gaomatry and feed conditions from theoretical, empirical ang combined
theoreticel and empirical spproaches. If esch author can be assumed

to have kept the dimensions of their test cyclones geometrically similer,
so that each of the dimensions hsve a fixed propertionality to - the

cyclone dishmeter, then their results pen be sumnarized in the -form:-

o a0 -p3°  mmemmmmemmesees (47,14}
sg @ D0 e lp, =0y 4
d .8 F
Dgg & D 7P etay - 0 e ammm= {17.15)
n
o wnfe P 17.18)

where § is the volumatric feed rate
P the head pr pressure drop across the cyclons
Py Pp the solid ond liquid specific gravities and

a through h setisfy ghva = ¢, hb = e and f = ¢

THAR e | EQUATION 17.14 | EQUATION 17.15 T@‘fgm”
] [} Z [} [ £ g

lhanatrom J1gsa | .36 [-a.53 00,5 [0.a06 o265 0.5 fros [o.s
Yoshioks & Hotte (1985 | 1,5 0.5 f-2.5

Bradlay 4955 | 1.8 |-0,5 1-G.5 (0.8 [-0.25 -0M5 (2.0 40.5
lehaatan 1958 . . 2.0 10.5
Pavarov 1981 6.5 |-0.28 (0.5

Li1gs 1982 | 4.5 |0.5 |-0.500.5 [-0,25 |-0.5]2.0 |o.5
Trautnnic ja76 | 4.5 |-0.5 |-0.500.5 {-0.25 |-0.5[2.0 0.5
piiet 4975 | 1.4 |-D.48]~0,5]0.24 |-0.252|~0.5 11,87 0,58

The gond agreamnt botween all authors, sven though diffsrsnt
epproochas have bsad usad, is plessing., Lynch and Reo (1878} have
glzo develeped ar ampiricel correlation for Ogn, but it is not in a form

sultabls for comparison with the sbova,
the flow and water split have been cerefully exemined; but have

8o far dofisd theoretical Lroatment. The most commen empirical
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form. has peen:-

R X
= (0/D)

underflow velumstric flowrate

wheve § o GUarFion Volumatris Flowrate

and X varies betwsen 3.0 end 4.4, Plitt {1976) has reviewed the
Iiterature concerning this spilt.
In the Mterature only tws cyclone models exist whigh explicitly
corisidor the cyclone dimensions and the ford conditions, Lynch and Rao
{1075) and P1itt (%976). goth these models use the pertition ourve
ang incorparate empirdcal correlations of the paremeters with the dimen-
sicns ana feed conditlons. P1itt’s (1976) dota incorporates that of .
Lynoh and Reo {197%) and is thus more oxtensive, Plitt's (1978) model
has besn selacted as the eycione model for the simulator. The model
can be summordzad a8 follows:-

D = Inside dismeter of cyclond maasured
at bottom of vortex finder -

' D
el L O
D — it
B, = Inside diometor of cyclone lnlet 3

ar in/E‘ for pon-eirculer inlet 7

D = Inside dlameter of overfiow
warkex finder

D = Inpids diamatsr of underflow
apex orifice

h = Fras vartax height of cyolons,
defined- &e the distance from the botiom
of the vartex findur to the tup of the
apex orifl 2.
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0.857 p 18 5 0.8

1.21 .
o s o, exp(0,063¢4)
o, 7T B 0T

PRI
Py = p)

. 3.9% ,.0.5¢ 2 2,0,
L 1 W5 (p 2 e 3038 o (g.0m500

111

H0»24 D
°

6 p0.56. 0.21 0.53 0
7.0 %18 O n +18 2 2,0.48
" o \31 h wu * D, ]
BXE (D.0031% 7
; R, = 5/(3 4+ 1)
Be = (R, = RO)/T1 - 9)
oA 815
8 =032 exp 1A AL (5
and Dc’ 0 DOy Dy h cantdmetres
M metres pruscure drop (metres of faed slurgy)
a motres/sec  voluretric flow of fecd during
24 kilopascals - pressure grop gcross oyclone
¢ pargent volume fraction of solids. in fead
\ D50 miromaters
Pyrfy - apesific gravity, aolids & liquids
By Bo Ry, b fractional recovery of solids,

Fluids, siurry to underflow

8
R (0) =« 1 ~ Bxp (~0.883 (0/Dg,) )

R O) = - Rf).Rc(D] * Ry

84,
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Saveral essumptions have been made to make the implementation of
this modsl more efficient in terms of computer time.

(1) The ayclene has standsrd dimensions
D = pn/8
el

D, + 05

o
»

0.116 b
©

Thie allows the wyclone geometry to be specifisd by two parameters:
Oc and h/ac.

{11) The fead slurry has a dansity of 1630 kg;/ma
In Plits’s correlation the pulp densdty is on average 1030 kg/m‘3
and by asswning this value to be constant H can be sxpressed
in kilopaseals and is replaced by P, This helps linesrize
the gquations while making very little difference to the results.

H = P/4030/3.8 x 1900 = 0.089P

il gy m Mg .
This assumes the fluld medium is weter, (if brine is used

then P must be changed to 12},

v} Thy termms exp(8.00544) and exp(D:00314) equal " ong
This 4s approsimately true ss the maximum value of ¢ uss:d by
Plitt is ¢ = 13%, and this mekes differsnces of 7% end 4% to
§ eng P, respoctively,

(v) R‘P " Rv
This 18 aeppraoximataly true for dilute slurriss, and if this
ansuppbion 1 not mada intornal iteratlons have to ba done
%6 salve for B And Rv simultanaauely.




Inserting these assunptions into Plitt's madel gives:-

D, = 35.03 DgD-?Sh-UAEP-D.ZS? -0.5

50 ‘o, - @xp (0. 063¢]~=------ (17,471

5 = 0.3 5 0-99,0.564,-0.24

------- wemmemes (17,18)

R, =8/5 + 1)

——————————————— €17.18)

6.044 8,127 -0,
8 = 2.04 p 000127 0,084 t-1.587)

R(D)= 1.0 - exp(-0.893 (0/p,)") e 17.21)

RQ(D)= - RV]RctD) *R, e (17.22)

whers the thres paremeters provided by the user are;-
Wy D, ceantimstrss
£+ 4] h/Dc -
{14y ¢ kilopascals

. 17.2.4 Subrputing CYCL - Cyclone Library Meduls
To assist the convergenes of a cireull containing this highly nan-linear

macel the. derivatives of each outpui variable with respect to tne corres-
panding inpub wverishle ig calculated in the model subroutine. The

form of the derivatives ja guilte involved as D50 is a function of

8g & ¢, hoth of which are dependent on the feed in each category.

14 Poramters

The paremeters that follow are in the order in which théy must be
presented to the simulator. The values in bracksts ars the ranges
of Plitt's detae.

(a} D, eentimeters (350550}

(o) n/o, - ID-ESh/DQSS.Z]

(g) P Kilopascal (50sP5210)




- empirical by copsidering the flow properties of the fluid in the dense

(i1).  Physical Properties
The actual size corresponding to each size interval plus the spacific
gravity of the material in sach G-class is reguited. If only ane

G-class is used the single specific gravity provided must be that of
the solids as a whola.

(i2%)  Units
The model calculstes thae fractional distribytion between the fwa out-
puts, therefore the mass flows in the streams can be in any convendient
2ot of units, However the solids and water  ows must use the same -
unity {e.g. bath kghr or both tons per day) end the madel parameterc
must be 1n ‘he preseribsd units.

47.3 fogslling of Grovity Ssparstors

Gravity separators are pasic to most ore drassing operations. Their
rolps varies from ation $o the pr on nf the finsl concantrats.

tiowaver modeliing of these units has leggsd benind their usage.

A dense media separator, medelled by using e partition curve,
wad ong of the First attempts at quantifying the operation of ore-dressing
eguipmant. Th: Wnly dewslopment has been to use an empiricsl functional

form to reprasent toe . orbition curve. Loveday (1870) suggested Lhe

integral form of tha Bausslan Finet!-, whic, =2 modified for essier
compucation, Valentik and Whitmors [1884) wren o meke the model less

mudia bath. They found that the Flulds seldom have Newbaniap flow pr. -
ties end behove l1ike Bingem fluids. They discuss the stfacts of
viseosity end turbulance but de not present & model.

Huch wark has been done to make Jigzing more efficient {Zimmarman
£1874,1978) and Vinogradov (1a88)). -Jigging can be trestsd as a
stratification procsss (Moysr (1864) end Vinagradoy (1868} where the
difference in potentisl energy befors and sfter stratification give a

mposure of the rate et which swparation occurs. Meysr (1984) relates . .

thg kingtics
suitable for sl

partition curva.
o shaking tables have hoen developed,like the Bartles-
but their .

o the jig strokes, but this doss not provida a medel
mulation and the modsller must once again resort to the

Improve!
v Concsntrater and the partlas crasabslt concentrator,

s only boun daseribad in qualitative LATMS »
spirals and Reichsrt copms are frequently used but virtually

Moz
oapE: 1 ha
Sivices,
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no quantitstiVe theory on their operation has been proposed (Naguib' (18711).

The only quantitastive thaory found in the litersture is hy Vinogradov
et ol (1958). The kinetics of grevity processing in mineral separstions is
considered ant differential equetions are developed, thess cen ba solved
to give the terminal sinking retes of the particies. It may slso be
possible to use this theory for jigs.. spirels and shaking tables onee .a
transport mode) is developed £o go with the sepsration modal.

In general gravity sopsrator modsls sre poorly developed and it is
necessary to use flxed portition curves to describe their operstics at
present. The devalopment of » mechanistic model is likely to be slow
as the fiuld flows are complex and hence transpert models difficult &o
find.

. 17.4 DPodelling of Sorters and Electrostatic and Megnetic Seperators
The history of ssparation msthods using elactro-magnetic radiatior has

been thoroughly reviewed by Hall-Corpenter (4870}, It is apperant thet
these methods have axisted for & long time and that the physics of the
processes sesm well understood.

Hopstack {1978) describes the physics of low-intensity dry magnetic
separators. Using several simplifying sssumptions he is able to balance
ths centrifugsl end magnetic forces tu ohtain a relationship between the
porcantage of fron In the particles which stick to the.drum and the spead
of rotation of the drum. Ressonsbls agreeman’t. is fount betwesn the ax-
peripentel 2nd thooretical results.

Lewvar znd Hapstock [1874) review the principles of wet high intensity
megnetlc separation.. gimilerly to Hopstock (1875) they balance the
mognetic and hydraulic drag forcss while assuming gravifational forces
They conclude that 25 um 1s the smallest size particle
They also show that the apparent volums
ume frastions)

te be negligible.
that cen bs retained in a matrix.
suceptibllity of a mived parsicle is the wedghted sum (by vel
Lawver and Hopstock (1874) give @

of its component susceptibilities.
chines availsble snd

goad description of the dLffarent types of WHIMS me;
thelr uses.

Corta et al (1864) sanductad many axpsri
air pressurd, positign of electrodas,

ze and mineral size distribution

monts to determine the sffect

of chepging electrical field
spritters, drum speed ano Siemeber, volba
tatle soparator.
Fricient, partipvlarly for tho largsr sizes,

factors are more importent than the

on a lehoratory sleetros They found. that oparatiun et

reducey air pressire is more &
and concluded that the elactrical

mechanical ones.
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. might as well chooss, on’'the basis of 1 work, a ble

tlarrison (1974) created a model of the high intensity r611 sepsrator
by considering the subprol

5es)  selection at the earthed rotor surface,
electrical force, the image force, the centrifugal force; the selection
by trajectory and the effsct of the carcna region. Hewever Morrison
stater that no solution is known for the squations ne davelopad. On top
of this field and charge density measurements are difficult to make,
and Morrisan suggests thay a distribution of conductivities in each
minera) specles should be considersd. Morrisen aventusily resorte to a
simple probabllity approash for the conductor/non-conductor split and
gets good results.

The mechanistic models discussed for both megnetic and electrostatic
soparators arg complex and their solution requires mush computstional
effort, Even if the agustions cen be solved thelr rasults only represent
an idesl separstor in which all perticles in & particular category will
report 4o the sefe output streem. Sa although the physics 1s essential’
for the dasign of the sguipmént, from & simulation point of view ope

partition curve with the desirsd out \alug, and shen adjust the machine
variablas to- achisve this value.

The modelling of sortess 1s reviseed by King {1977) and it seems
that very 11%tls has boen dang, King propuses a model based co the
sum of the prodist of verious protabllities like: the probabliity’ of
racogeition and probobility of doflection. This mogel results in a
tixed pertition curve for the sorter,

47,5 fodailing of Fiotetion
In easesaing the propentiity of a psrticls being floated, Schunmain (1842}

according to Woedburn (1878) assumad that:-

PP
anarall = PorPyPe

whers P = probstility of & sugcessful bubbly rbivle collision
©
P = probability of @ goliided particle adnering
a

p_« probebility of the particle belng retained by -the bubble
r
Tomlinser and Fleming (1953) radefined Pr as Pe‘P-F where

P = prabebllivy of the particle belng retainad while in the liquid
end P = probatiLlity of the perticle being retsinad while in the froth.

Davis (1984) inelided another term which cansiders the probability

of @ particle being poatat bY, callactar.
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The determination of each of thess probsbilities has been reviewed
by Mike and Fuerstenay (1869), Woodburn {1870) and Flint (1974},

Once an overall prubabilii{y hes been established it is possible using
pusolation balance models to compute the rates of flotation, This has
teen done by Kelsall (1981) and Davis (1864). The cumulative recovr oy
of & mineral species (R) from m flotation cells 15 glven as:-

Rem{r-c-m™ N (17231

where M ie the maximum possible recovery and P the probability of flotation
For the particular species,

The Fumplicatad nature of the various subpracessses makes 1t impossible
to obtain vaiues for thelr probabllitiss snd Davis (1984) had to be
satisfiod with an.oversll probability for sach minersl in each bank of
cells.

Sines 1t is desirable to defenmine modsl paramsters from laboratory
tests 3 kinetic model has been used to account for the dynamic nature
of “hg progess. According ko Mka and Fuerstenau {4868) - 'A consensus
nas seems to have Leen reached thet fleotation of a sufficiently homo-
geneous assembly of pariiclas ocour et s rate which is proportional to
the population density of particles’. This results in a 'first order
las’ for flutatien ong although it is en enpirdcal ‘law', testwork by
Buil (19653), Imsiiwwi and Inous (4963). Temlinson and Fleming 18633,
Jowstt (1874} ang Loveday and Merchant (1873) prove its validity in.meny ,
coses,. Then if wi 1g a ‘sufficiently homogensous essembly’ the T1aw’ cen

ba oxpre.sad &3~

Lol i=tn e (17.24)

&

- P
where T, 18 the ratn of flotation of species 1

ki {s the flotation rate constent for species i

ang - n the numper of specias
Consider a single Flotation eall cperating at steady stacﬁ

with Fi ‘tha mass #lowrate of somponent 4 in the :Feed and F = iani

t .n
te of comporient i in the concentrats and C <

T C
Ci thy maes flowra ‘ " Eo
e of tall and T = 2 T
Ty the mass Flowrate of component 1 i‘n the N

. n
smll and W @ E W,
wi the mass of component i dn the cell an L y
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A mass balance over the cell for each companent gives:-

3 Fy 2 Gy Ty s (17.25)

and as the cell at steady state is equivalent to a batch eell at some
instant in time (Bull (1968)): by equation 17,24

; G T RMg e i (17,280

To find the sieady state values of CL' T, and vy for fixed k; and
F1 for sach 4, another reletionship is required. This missing relation-
ship is the residence time distribution of the species in the cell,
{ Viaoturn 11370} quoting Niemi end Jowsts finds thet the asswiption of per-
H Ffeut mixing is adeguete. Harris et .al {1875} found that. & Denver labopstory
i flotation cell bahaves as & parfect mixer except at flowrates much bayond *
the natura) cepacity. Applying this-to e flotetion cell ippiles that
the concentration of o spacius in the eell must be the sare a& the con-
cantretion of tha speciss in the %ail.

i.e. Wi/N # Ti/T it {17.26)
ang inserting this intc squation 17.24 and 17.25 glvest-

-

Kyt Ny
G TR
1
T./F, = UL IS i
71 R ( --------- ~emee (17.27)

LR Y

where T = W/T and is called the mean residence time,
jad ki ang § ave given then aach Ci, Ti and w1 wan be dirsctly ob~

tained using equation 17,27, howaver if W instedd of T is.given then

simultaneous splution is required.
e percontago goldds in the underflow (%8) ere specified,

(This case will arise if the cell

volume (V) endd &

ity 280 d and p  aré the
s0 that W = V x ’esl(%s(?; ‘,WJ Ay and py w

denaitios of the sollds angd, water, Tespactively (the units-of W, V and p

must he consistent)).
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_Now althaugh thers may be.consensus on the '#lrst ordse—lsw'-there
doss n?t seem to be any sgreement on what is a 'sufficiently hnmégeneuus
assembly’ of partivles. If ore took this to the extreme of assigning

aach particle a flotation rats constant thew because of the large number
of portlcles ons would axpeet a gontinvous distribution. This approach
has bean Laken by Pogorly (1962), and Imaizumi and Inoue (1963} while .

.Loveday (1968) hes suggested that this distribution cen be well rspresented

by a gamma Ffunction.

Snother method of chéosing a assembly of particles would
be ty sssume thot each mineral spacfse has o perticuler rate. constent.
This method which discratizes pérticles into G-clusses has peen used
by Davis (1984] with some sucsess,  IL hes.however been well established by
soveral euthors including Imelzumi and Tnoue (1968), Woodburn, King and
Colbora {1871}, Maharntra snt Repur {1975), Tomlinson ond Flaming (1887)
and Bartlett and Mular (1974) that particle size has a significant effect
on ¥he flotetion rats. Theorgfore splitting the partie
essoclated with dizcrete size and grady (O and G) classes, as suggestad
py Tomlinson and Fleming (1983) and Bartlett and Mular (1874), sach with
its own Flotation rate t should be Tomlingon and
Fieming obtained en sxcelisnt correspondsnce betwoen the experimental

infio categories

andt proaietad values for the resovary of pure apotite and hemstite from
a8 efxturs . f ihe two minersls, .

Even Lf the particles haca a fixed size and grade 1t ig still
possible for there to be a vers yeion in supfave properties.and so Flotation
fate within the 0G-cless. For gximpls the tollpctor will not necessarily
coat exactly the semé fraction of ibe surfsee of esech particle; or because
of veiiation in perticle shspe or surface roughness the surface arsd of

the sams size particles could badifferent; ur in mixed particles of fixed

minoralogy the surface area oeeupisd by a cartein minsral will vary from N
particle to particle. This lmpligés that with esch D-class or Grelass

or Du-clase @ Further distribution of particles into sssemblies of
particles with a compon flétation rets constant should be tone. Loveday
and Marchent (1673) heve gona this using & gemmo function to describe
king (1973), aithough enalysing the

«n ciasses, caloulates with discrets

the dietribution in sach DE-class.
probism using continuous sy and gra
O6-clasass and yaee the gamma Fupstion tO describe the vardsilon within

the DG-elnss. King (19783 loter changed to a fixed discrate disgributicn
oF particies botwoen S-classes 4n soch DB-cless,  Gutherland (18773 goes
the wholg way end discretizes the particler fnta OG3-clésses and sssooistes

1724




a flotetion rats constent with every DBS-vlesa, This is subkly different
From King's (1975) method of essociating mash S-cless with a flotation
refy constant. Scrimgeour, Hamilton end Toong (1970) and Bull (1988}
also associate the flotstlon pate sor tent with the S-class and let the
distribution of mass in each S-class cause the differsnos in ¥lotation
rate between UG-classes. .

The use of a fixed function or ¢ fixed discrete diztribution to describe
the aistribuiion of particles between S-claesses can lsad to misleading
results, This hoppens begsuse psrticles with o certain flotstion rate
ara zelectively vamuves ond the shape of the distribution changes: so
cousing the fixad distributios to become mere and more insorrect es the
plent Locomss more vomplex. This fault cen often bp obscured as the
me.hod of determining the flotation rots cunscanés may compensate for the
error. Thermfore it appesrs thet carrying disprete (6S-classes in the
piant streams allows an agcurate mass balance while providing sufficiestly
homagenecus assemblims of particles for the first order law of flotation
ta apply. .

Whether the modeller associstes the Plotation rate constants with -
wach NG3-categery or only with the $-classes will depand oo how he de-
terminos these rate constents. The farmar secis to offer mare
flsxibility For & 11ttle extra storoge, s once the rate constants far
gach LOS-uia5s have been davsrmined far ong Yead they will apply to any
other fsaw, whereas for the latier a changa in feed will require mars -
testwork to dotermins the new mass distributlon Letwsen S-plasses. s

Tt Bas bean isplleit in the preceding paragraphs that conditisns of
s fram flobation' exdst, However it hes beun ohservad {Temlinson end
Plaming (1863}, King {1873}) thet thare is e pit to the ewmount of
material thet cen be floatmd in & single call, Thls can be related to
v ne bubbles and the sbility of the froth to
retain Flosted particiec, which in turn oap be releted to the cell operating
canditions; cell volums, mechine type, degres of short eircuiting,
{mpeiler spsed, maching geomotry, degre? and typs of aevation, froth
thig implies that Under condltions of ‘hinderad flmtation’,
{a.not & conmtant but dependant on operating con-

the carrying cepaclty of

column dupth.

ki af aguation 47.27

ditions o theti-
e 117.28)

PN .
ki ki ¥
¥ is a paremeter that varies between Zord.

Lhat undar sonditions of

ang ono, Tomlinson “and

hare
e 'hindared flotation': the

Flaming (1963) euggest




. sssocclatad with tha ru.oo

rate_ of flotation will he zare crde.r, howsver they 9o not show how or
when the chengeover ehould teke place.

King (1073) sats ¥ = YRS, on the asaumption thet the flotation rete
is proportional to the fres bubble surfecs sres» the concapt of ' fres
bubble surface erea' ig discussed by Mika and Fuerstensy (1968) . A is
the bubble 5 rfece ares per unit volums of pulp and SAV the fraction of
Frae bubble surface srea on.average, both of which are pelouleted from
operating varisbles. y 's the fraction of particles which on reaching the
frothy phaue are rocovared in the consentrate, it is & function of pulp

- leveld, perticls size wnd minvralogy. If pulp level and asration rate

are used to contrel the cell then y and A oot be used os control veriavles,
SAV is dotermined 1teratively within the modsl.

Suthoriend [1977) suggests thet becduss of the meny uncartainties
inhgrent in plent spplicatinns that sueh detalled modeliing is not Justified.
He treats bindersd flotation empirically by stating that some limit.must
bu placed on the rate of concentrake flow from & sell, snd that this i Linked
to the s turation of bubbles with particles. This implies a lowering of
thwy Flotation rete constont.. First a limit, TMAX, is set and then the
total concentrate flowrate, CTOTSIC,, without suppresaion, is found.

If CTOTSCMAX Y=1

T CTOT>CHAY Q¥ -
ang ¥ i found iteretively. se that 12(31 = 2.CHA% (1-CMAX/CTET/2) is
satiszfiag,  Although XCi will be greater than CMAX, 1t incresses slowly
with SI0T and ac avalds haviog & wlscantinuity.

fwo 1ibrery medules for flotetien have been programmed for the
simylatop., Tne first is baoud on Sutherdend’s (1877} model end should
ba usoful in cesign cteges as it doss not require much dats, outalde the
flotabion rete constants, thet cefnat be eatimatsd by the modellar. Tha
aapd on King's (1875) fiotasion mudel in 8o far it uses
However for the 1ibrary module the verigbles

sscond module is b
¥hy paramptars’y, A nd BAVA
carried in the streams ere discrote OBS~class mazs flows and the flotation
{although they con be cbialned using King's (1975) technigue
bility of bolng obbolned asi-

rate consiants,
oF Kogs * ké%n) have tne pdded. prasi
(The -hteripts D, G end 8 indicats the material

ant giserete cetegory, so thet kDGS is.the
for & discreto DGS-cless while kg implies
iscrete S-classas. ' &y hoe been dofined

Bogs = Fstos”

flgtution rate constant

that kg s rolated only = the &
as tha fractionsl offitency of flotation of particles of aize 0, so




that tpe Wil be the fractional efficiency of flotation of particles in
; each discrete DG-cless relative to kgeds

H + +17.5.1 Bubroutine FLTN - Flotation Library Module {Sutherland)

The subreutine has been progromned to accept a variety of dats so
that the usar can specify his oeld in whatever way is most appropriste
to-his probiem. To completely speeify the oell, for this modsl, any
: two OF the following four paremeters must be providedi~

{2) Iell residence time

(b} Call solids holdup :

fc]  Cell volume

{d) Parcent solids in the teil {underflow)

with thé exceptidmthal 4f only resicence time snd solids haldup is specified
thiz does not provide informetion on the water spiit and so enother paremster.
H is required.  2sros must Le plesed in the position of thoss paremeters which

i are ot bolng provided.

H An acvantage in using this module is thet it can model & bank af cells,

go that the procsass flow disgrem will require fewer strsams. Thus storage

;

i and computational sffort is zaved.

]

| (5] Paraneters

i

! ,az full st of parsmeters required, in order are:~

4
i X {a] tmber of coils in baok
i I (8 Cell residsnce time
; ! (6] Call solids holdup
i | (d} Cell volumz
: i fe) Percont selids in undarfiow

¥} Maximun concantrebe (flost) flow in mach cell
(g} Physicsl praperty numbar of Flotetion rateé constants far zach

‘ ; Pos-elass. (Tha order must be gimilar Lo thet required in

i paragraph 14,42 (V) when 12 = 1),

£ 3 operties

§ (i1} Brysiced Fyo . v

\ {a) K the fiotatich rele senstant far each 0G5-class (=lements

} 065

in Ehu sgme ordor a3 ! Sresm veriebles).

; (8} Whan coll volume 18 .goential parametar for spectfylng

} ! the cell than the &7 14 gravity of sach G-elost must be

4 availohl 85 Propariy %

H

i

b,
- o

R e

S




- e,

(44)  Unitg
Any units can be ueed as long ac they ore consistent. If the specific

gravity is used cexs should be taken in the choics pf unis for mass
#nd volume,

17.5.2 Subrouting FLTK - Flotstien Librery Module (King)
Thip module is based on the modifisd form of King’'s (1973) model as dis-
oussad in previous parsgraphs.

) Pargmeters
ALl of the following nine b re/opurating variables must be provided

in setjuance; -

(8) Cell volume V (n)

{b) Asrstion rate G (m°/s)

(e} Fractional afficiency froth recovery y
{d) Bubble sizeé (m}

(r) Bubble residence time 1 (S

{f) Parcehtags sollds to soncentrate

(g
th} Physicel propsrty number sssaciated with ¢

Physical propefty nusber associated with Ké

(it} Phyoteal Freperti

{a) kg the fiétation rate for sach S-class

{b} éDG' This arrsy is glven as a string, in which ths D-clesses
vary with sach G-tlass in order

{e] The sstual size of the perticles in sach D~clsss

{d) The specific gravity of msterial for 28ch G-cless ss property

one

(idi)  Undts
The unite ere as for the perametars end the stresm muss flows should be
in kg/8.. The flotation rate constents must have units of s,

47.5 Nodelling of Seliu/liquid Seporators
Over the past decades saveral techniques for “finding the raquired area

of a thickener from batch settling tests have heon developad, Noteabls
ore Enbue of Cos and Clevorgur (1886), Kyneh (1852); Talmage and Fitch
(1955) and Yohivks ot al [1367). Mére recuntly contnibotions ralated
to fleculuted pulps end pulp comprossion have bsen made by Scott (1968),
Adorjan (1875) and Kea (1874, A very comprohansive reviaw of
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gravity thickening has been done by Pearse (1977) and dstailed discussion
of the pro's and cons of the above techniques is given.

In real continucun thickeners steadv atate doss not appear to be .
maintained for any length of time (Fiteh (1988), Masset (1968}) due to
varietions in feed volure ond selids comcentrstions. Hesset (1689)
thet both solid and liquid overlosding can ceuse e dirty overflow, ilerefore
what has been done is to ovardssign the thickener to handle surgés and
keap a clesr overflow,

tes

Designing a continuous thickener is often done by running & contin-
uous pilot plant bo discover what Foud flowrate can ba coped with by one
sguare meter of thickener and then simply sceling this up to the full
seala plant, This method way be relliable but it is expensive end time
consuming. Sedimsntatinn'theury has bgen usad by 8lake and Colembera
[4877) and Wouda, Ristma and Ottengraf (1877) to describe the particle
motian in batoh and continuous thickeners, while Tarrer, Lim, Koppel
and Grady (1974} using Kynch's thaory and. a glug flow model calculate
thickening capacity. Kos {1974) presents s model which can predict the
spiids concentretion profile in & vontinuous thickener.

Continuous thickening ‘nvolves two well studled phenumena, namely
sodimentation and compaction and although improvemsnts in the under-
szuading of the mechaniem of thickening has evolved end many models

. praposst, none are able to completely prodict the performance of continucus
Inis 1z bora out by Pearse (1977) who
status that the 'state of the art' 1s best conveyed by the fallowing

tninnenars from laboratory tests.

Quotation: -

'We dont as yet hava any theorstically solid or empirically procass
way of predgicting thickaner performence, completaly and validly from
moosuremsnks made on small eamples of suspension'. (B. Fitch, Chief

Scientist, Dorr-Bliver Inc., 1975).

Secause of tre. uncarteintips in design proceduras most thickeners
are ovardseignad, end upereted to unaure & glear ovarflow. Ouring the
dusign stage @ sulteble pargentaga solids for the underflow is selacted
and the thickensr ls than cparsted to heap to the dusigned value, but
avan 4Ff thare i3 o surge in tha food the bullt in overdssipgn will usually
allow the ovarflow to rumaln slear while the unterflew retslns the designed
percent solids, IT the bhickeoner is overloaded the usual romedy would
be tq increase the undurflow Plew rate but this will dacrease the percent

soligs in the undurflow, Howsver this transirnt evorloading cannot ba
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handled by & steady state simulator thersfore for almost any real steady
state simulation specifying: the overflow must be clear and the pereent
solids in the underflow, will be adequate, This type of model can be
handled by the MIXR subroutine, when the percentsge solids in, the product
st_rnam is specified. The water addition rate will bs negative, in this
case, indicating water removal. Filters can be similarly spscified.

If the user wishes to use more mechanistic models, as describsd by
Paarsa {18,/7) for thickeners or by Tiller (1871), Nemeth (1967) and.
Wakeman (1876} using O'arcy's Law and the Kozeny-Garmen squation for
filturs, the user should write his own model subroutine.

By using the simple MIMR module to simulate solid/iiguid separators
in the overall circult a reasonsbly good result can be obtalned without
the attendant inefficiencies of a general purpose modzl requiring. the
solution of diffarential equations, Whils the detalled user written
s0lid/liquid separaticn model can be speoific to the user's requirements -
and use the celoculated mass flows from the simulation.
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18 TEST EXAMPLE I

In this example many points concerning the simulstor ussge are demonstrated.
However the meln purposes are to ahow thek; the coding is correct, the
connectinn batwesn plants and the operation of the converter, the veriety
- oF oulputs evallabls, ang the convergence of the redoced Newton method .
for linear systems.

The example is divided into five sections, each of which will be

used to demanstrate particular facets of the simulato~. The remarks on
eagh secticn should be read in conjunction with the flow disgram snd
computer printaut. '

16.1. Flow Biagram
Tha flow diagrsm is given.in figure 25, From this disgrem it can be seen that:- '

(1) Thers are thrsa sepsrats plants
(it} There ars four connectlons betwean plants
{444)  Eech plant has two nodes and one of the nodes in plent 4 is
simple )
. (iv}  The numbering of units is srbitrary
{ The numbering of streams is arbifrary
{vi) Each plant hes several feeds and autputs
fvii)  Some nodes have water feeds
(viii) The nodas have various types of interlinked recycls laops

48.2 Bets
The following comments should be read In-conjunstion with chapter 14.ang
computer display of the date, plus the.cumputer echo of tha data.

' {a} Syspem Datg

[£3] The usa of all KEYWDRDS except READ and TOLM .
(4] Plant 3 has 4 D-classes, 3 G-olasses and 1 -S-class;
plant 2 5,32 D,B and B-clesses; and plant 4:3,1.1
! £, and S-classes. (Keyword NOGS)
| (441} The converter hes to drop the top size fraction in going
from plant 3 Lo both pl »t 2 and plant 4. In cohverting
From plant 3 to plant 2 - @ S-classes must ba expanded from
1 to 2. (Keyword CNCT end NOGS}
{3v) The minarsl names.are VALU and WSTE. (Keyword MINS)
12721 The first eize class 1s thu largest. {Keyword SIZE)

i
1
|

(vi) The spsuific gravity is dlven so that the grade relpted to
volume can be caleulated from the grads relatad to mass.

{Keyword SPOR, GROM)
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(vit}

) Physical property 3 is given directly, (Keyword PHYP)
(viil)

Physisal property 4 is glven as values for each mineral
species, then relsted to the 3 grade classes by inverse
volume Fractions. (Keyword PHYP, code 1004)

{b) Plent Data

i) The stresm connection matrix. (Keyword SCMA)

(41)  Fived weter feed and variable wster fesd. (Keywoid WTRF)

(131]  Solid fest os mess frections ralated to U, 6 and S-classes.
{Rayword STRM) - plant 3 stream 2

(iv) Selid feed used to glve the couverter the Lnformstion of how to
expanyd tn S-classes in plant 2, streams 4 and 2. (Keyword STRM}

(e} Run Data

{h) Pignts 3 and 4 heve two runs sach

i) Use of TYPE keyword to give unit type snd paramsters

(441} Use of COPY keywoi. tu save repsating data .

(iv) Usn of defsult values of CONV, ITER, TOLM end OUTC

v vhanging tha unit paranetsrs, convergence method, allowable
iterations, -and output cods : i o

{vi} Various usas of TRIP wedts. Baesing seperation on individusl

" . . gnd combined classes .
fvii) Variasbles for CRSH unit

18,3 Input Dats Echo
I this section the results of many of .bhe input data features arg

emphazized. The eorpsct dats readipg. modification and echoihg is slso

dumonstrated, Oesides bhe correct gohoing of data which is easily verdfied

same modifications of data by the cceputer are givan below:~

) The volume fractions in mech G-olass have been csloulated

From the mass frections of each minerel in sach G-class
ang the specific gravities

. (41} Tha specific gravity has sutematically becoms physical

; proparty 1, and expanded to fit. the B-closses

(114) Physioal pmpufty 4 has bam’i aspanted according to ipverae

volume frections (sxpensicn code 1004)

N 2272, 7285w,
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Stream mess flows of each category have besn caloulubed

from total mess Flow end mass fractions

{v) The correst default values CONV = 3, ITER = 8, TOLM = 10_4
and QUTC = 00041 001666 ere userd when the V@l\:le is not
axplicitly spesified

(vi) The keyword COPY daes copy the units requestad corrsctly
8.8. for plant 3 the paremeters for unit 11 have besen copied

from thase of unit 9, and eo are identical

18.4 Results of ORDERING Subrouting
{See the computer display for thase results),
Several conclusions cen be drawn .from these results, which have been

displayed by the computer.

(1) The program carrectly groups each meximel net. into a node.
Thesa are: -
Plant 3 Noda Units 1,2,3,5,8,1%,12

1
Plang 3 Node 2 Units B,8,10
flent 2 Node 1 Units 1,2,4.8
Plant. 2 Node 2 Undts 5,7,8
Flant 4 Node 1 Units 1,2,3,4.5
Plant 4 fogs 2 Unit. B

(18} Teare pave besn found for wach node which ere consistent
with the weighting criteris. Thet is for plant 3 and 4
mindinun muanbar of tears, with no double tears.  Plant 2y
straoms 13, 14 and 18 werk given as préfersntial teers and
these streons have baen chossn es tears.

(431} . The unit order caleulited is feasible and conmigtent with
tha tear sbreems, s starting with these feeds snd tears
a1l imputs are sveilable to each of the units when it is their
turn to caluulate oubputs.

; 18.5 Rosults of CALCULATION Phase

(8er the computar display for these results).

) The impartars point to nobe from these resulis is the fact

that tha moss balance 45 true for the system, esch plent node

ang each unit,and ig sonsiatent with the Jate. This mass

+63.




belanca 1s true for totel solids. solids in each category
and water,

(1) Another important result is thet as tha plent is linear it

1s expected that each complex node will convarge in as many
iterstions s there ars trensformstion classes. This oan
be sean to be the case as:~

Plant 3 Node 1 Converges in 1 iteration

Piant 2 Node 1 Converges in 1 iteration
end  Plent 2 Nods 2 Canverges in 1 iteration
while Plant 3 MNode 2 Converges in 4 iterations (there are
% size classes and the CRSH snit trensforms materisl between
the 4 clessas). :

Plant 4 Node 1 usws direct substitution for the first three
dterations, and although it is converging it does not reach '
the raquired tolsrence within the allowed thres iteretions.
In the second run, with different unit parsmétars, the re-
duced Newton method is used and the sclids eonverge in 1
iterstion and the second iteration is required td correct
the non~lineer water balance, It should be neted that if
tha water was fud to unlt 1 instead of unit 4 then even
thouph the solids will converge in one iterstion the water
balance will btake several Purther ftevations to converge.
This is beceuss tnce the solids converge the weter in streem
7 and hence stresm 8 will be fixed but the loop with streems
8, & and 10 will not be fixed and iteration is necessary to
£ix the water in stresm 6, (the tear stresm whict will than
Fix thé woter flaws in o1l the other streamg in the. nodel.
By having the water fesd nn' undt 4. onpe the sclids converge
the water in straem b is fixed and so in turn ers the rest,
which means only one furgher lteration is required to com-
plate thu mass hplance. From a convergence point of -viaw
4t is more efficient to use fixad wator fesds, however if
this is not possible the verisble weter foods should feed
units whosd outputs are tear stimems or directly connacted

to tear shrodms.




(114}

(1w}

(€3]

fvi}

{vid}

. The ORDERING Phase also caleulsted the dimensions of arrays,

the peths for products of derivstives and indices for storage
oF arcays which are used in the calculation phase. The

corrsct results obtained in this sxample show the correctness
of the coding of the relavant sections of the DRDERING phase.

The conversion of plant $ streams 3, 5 and 17 to plent 2
streums 1 and 2 and plant 4 strsam 1, respectively is done
proparly. - Streem 1 plent 2 is identicel to atream 3 plant 3
in total solids and waler as there is po mass in size class
1y The other two connections do have solids in size class 4
and this mass is lost according to the simulator. When a
convarsion of this type is meds the ‘user should theck the
Inss and 1F it 1s significent take steps to improve the
simulation. This can be done by elther changing the fesding.
plant to snsurg less materisl in the dropped size classes

ar alternativaly including the size classes in the plant that
iw being fed.

The pperetion of the convertsr in splitting plant 2 streams
1 and 2 from one to two S-classes is done properly.

The variebls water feod to plent 4 is negstive and hente to
ohtain the required 20% solids in strean B insteed sdding
water to unit 4 1t must be removed.

tns af the mein purposes of this sxam}:le is to demonsirste
the variety of output forms aveilsble to the user. Each
tun for each plant uses a different output code. ~ In order
to recogniza the differences the output ceh be examined
in sonjunction with the relevant saetion on 'Usege of theé
Simuistor' and the cerresponding autput code {chapter 14).




19 TEST EXAMPLE ey

Thi
8 sxample 15 based an the demonstrazion plant used by King (1973) 4in
describing his flotation simulatien.

The flow diagram of this plant is
Biven in figure 25,

WATER

L TAIL

FIGURE 26 FLOW DIAGRAM - TEST ENAWPLE 1T

In this plant urdt 1 is tew rougber, unit 4 the scavenger, uhit 2
the nlganer and unit 3 the recleencr, Each of these units which sre’
wodeiled os single oglla represent boenks of cells inm e redl plant.

: King's simulot.r uses a Newton Rophson procedure on the residence

{ times of the celis to #ind & solution. This teshnique is complotely
different from the convergence method usad in the gensral simulator,
Uaing King's flotation modal and the identical paramétors exactly the
some results were cbtoined, {L.e. the sollds and water flows, the
grades, recoveriéa in all streams, residence tims and bubhle loading in
gech gell). From this sxample it can be concluded that:~

(1) Tha ganeral simulators coding is corregt, es identical mass
balance resulis are sbtalned.

(11) The peduned Newton convergence technifue works very satis-

. . ' Factordly on uon-liinogr systoms o well as linesr anes,

: (Thie plant tock 5 Ltoystions to convergy, compared o the

! twe iterations that would have buan taken if the cell model
! was linear - the uecond itaration is m; calzulets the

vardable watar feodsl.

¥



(111 The tearing and ordering subroutines operated correctly.

{iv) It should b notod that the %ing model does not provide

For derlvativas to the sxecutive program and convergence
is aschicved using mass froctions to opproximate the
derivatives.,

The actual esaputer printout is not presented as it adds nathlng
extra in the way of oxplanation.




20 TEST EXAMPLE 111

In the previous two sxamples hypothetical plents were used to show thst
the coding of the simulstor is corract and thst the roduced Newton canver-
gence method converges as expected on both linoar and non-linsar systems.
This exempls takes & real plant to show that the simulator doss work in

@ real situation. A eonvanient system is given in the literature by
Sutherland (1877}, Ha has used dste messured by Cameran et el (1871) ¥rom
whe Broken Hill lead concentrator end added some of his own dota to fit to
bis flotasien plant simulatar,

2]

%4 rlg‘y 22 *Eﬁ—«ﬁot 20

HATER

15 b

FEED
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FIGURE 27  FLOW DIAGRAM - TEST EXAWPLE 111
s of flutation calls. The number

In figure?7 units 1 o .7 are bonk




of cella in each bank are 3, 3, g, 7, B, 4 and 3, rempectively, Unit &
is & comminution unit, unit § a cyclone, unit 12 @ splitter and the rest
mlxers.

The flotation cell model is besed on that of Sutherland and is de-
serdbed fully dn the section on 'flokation mocelling' (17.5), Sutherland
{1877) An his papur uses s slow and fest flotation rete canstant for each
size/grade category. Four size and three grade classes have been used
80 that sach stream has twenty four discrete catagorias (4 x 3 x 2) to
daserive the sollds flow. The mazimum concentrate flow for each cell is
s6%, making the system ron-linwar.

Sutherland simply represented the regrind by defining & fixed size
oistribution of meteriel being rebturned from the regrind, so that aach
mineral Jomponent faeding the regring wes redistributed according to this
firad distribution and then cach size/mineral fraction was subdivided
into fast and slow floatlng cokponents as in the ordginal feed meterial.
Titis ‘ig clearly unsetisfactory 'from the point of view of & general pur-
pose simuletor., Far this sxampls the regrind is reprasanted by a mill
in closed cirscuit with a cyclone (units 8, 9 end 10}, The mill is re- ’
prosanted by a CRSH model with the added feature thal breskage of slow
fleating galens results in the brosen meterial bzcoming fast Floating,
widle the brackage of fast floatlng ming end gergus results ip the broken
materiol hocoming alow floating. (The three G-tlasses baing galena,
marmatite amd gangus).

. The plant descriyed was simylatold uvsing guessed perameters, it con-
varged satisfoctorily 4nd the mass belance wes sorrect. Unfortunately
Suthoriand did not publish the paremstars used by him in his simulation
50 it was not possible to cbtain the flows and recoveriss przsented by
him. However tha convergence end corcect mass halance achieved by the
simulator on & real system proves its effectiveness.

Gnce again the somputer printouts will give no extra relsvant in-

Formatic.. so ere not presented.

189,




21 TEST EXAWPLE 1V -

Basides the normal design or simulation calculetions the simulator can
also be usad to test theories ebout the relative merits of verious pro-
cessing schemes. An exemple of this is given by Engelbrecht (18771 who
tekes 8 conventional milling ciroult (figure 28) and then claims on
qualitative grounds that the cireult shown in figure 29, which has a
lower total cost per ton of ore trested, will reduce the slimes produced
while o% the seme vime giving increased throughput.

Solid Addition tph

PREDUCT T=
4 W = Water hddition tph

4

a4 109

FIGURE 26  FLOW DIAGRAM - CONVENTIONAL MILLING CIRCUIT

PRODHCT ©

FLGURE 29 FLOW DLAGRAM - RECOMMENDED MILLING.CIRCUIT




In flgure 28 unit 3 is the'mill and unit 4 the cyclones unit Z and
.4 are mixers, In figure 28 unit 3 is the mill, units 1 and 2 cycleoner,
unic 4 2 splitter and the rest mixers. For both caesas tie same feed aize
distribution was assumed. The residence time of the mill in the re-
commendad flowsheet was set et BO% of that in the conventional circuit
in accordance with the flows Lnto sach (for the seme size mill). The
cyclone parameters in both circults were then adjusted until the claimad
flows in both tircuits were obtatned. The % passing in size of the
product stresm was then plotted for esch circuit. The results sre shown
in table 16 ond graph 5 and it 4s cimar thst sven at the dncressed through-
put 1330 L comparad £0 267 ) o fuch closeT sizs distribubion of produst
is obtained with far less -30ws meterial.

TASLE 18  RESULFS OF SIMULATION - EXAMPLE IV

S12€ ym FEED CONVENTIONAL [RECOMMENDED
% PASSING | % PASSING % PASSING
36 2.8 33.3 28.8
80 10.1 ’ 70.0 FLE)
109 32.8 93.5 89.4
150 52.5 88.7 100.9
200 100.0 1000 180.0

Therefors by using the simulstor it has besn possible to quantitatively
drmonstrata the theory which had only gquelitative backing previousiy.
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APPENDLX A CONVERGENCE oF REDUC‘EI:) NEWTON METHOD

Some of the facts which are used are summarized balow.

The statement 820 implies that gach alement of B is grester than or
maual ta zera. The stotement [B] 1s the matrix witn sach element the
abtoluts value of the correeponding element in B.
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FACTS g and X are not referenced as they are self evident.

Note * ¢ = ¢ (X*] and § = g(x*)

T A Bonvergonce when $'20 and p (@' )<q

S nan L P and p(el )<

As '20 and O 1s extracted from ¢

2 e e A
and -0 e a2
and faglstey,) L — As
: p(@)sp(#'3<1 by A3, FACT e ~rwse—eoe Aa
(=030, by A1, A4 and FACT b

i e (29 010y 20 by A2 end AE meeeees A.Ba
and (-0 @20 by A2 end A5 meeemmeees A6b

If A = (I-Q1-(%'-) then it is a weak splitting (A.5, A.5 end FACT cl.

But (I-R¥-(2'-g) = I-¢'

!

B 4
e A

= (e
20 by FACT b and ohiginal conditions

Soem e gyl by FACT g




A2 Convergence when a0 end INLARBLY]

In this cese chioose:-

A= (103 |8 -0)
But jo*-giz0 by definition

ane 11-9) 0 by tnitial cordition and FAGTS b, &

- and
J9-q] . (-9 %0
and (192" [er-g)z0
»1o A ds 5 weak regular splitting by FACT ©
;
i Also
: Jorwg} « Jorf-p a8 20 and is extrected From &'
i
: tr-{er-a] = 1-fer]
: A aefe !
t 20 " by initial condition and FACT b
. p((x-m'“.;«y-u\)« by FACT d

st oltz-m . Jer-n]) = ofltrm ] Jet-0])  as (101720
o110 (e g) by PACTS f and g

el )




A.3 Convergsnce whon the diagonal elements of § gre the seme es thoss

DAl plemsnte of .« eri TRE SOME OO RES

of @' and the remeinder zexo and | |o'][ <1

Here .
T~:T" o 0 .
T
i .
i 0 gz o
Lo e .
IRt e TN U - .
; 1
] e
}‘ X 1 4’”“_]
- 6 4
a 12 n
=644 1744
‘1’21 tj?Zn
. T e
Loy
st
, o
i T J
I n | by }
v gr(xey}] = max I »——Q—'_
! = dsign ge1 | a
7L
But when “@’qu
. n
1t 1
ther ;1\4’13{« for &
n . for all 4 by FACT i
so 3?111'13!(1—““'5“ busl "
I
. n sor all 1
o B egigla :
3=1
Fizd
- oL
B by FACT 1
stz e e Y
228,
s #

i




Ak, Convergence in general whan 118" {act
D RETOTRE han 107 [ [act

Rl
97eR” ang 1f @, whic!; s black diagonal, has blocks of size MxM

< o
{0<Msn), then (I-Q) i; alse block diagonal with blogks of size Mxil.
Further 14 Qi ie the 1" nigek counting from the top 1eft cornar s
thet when Q da partdtioner:-

érQ1 LEREE
Bl g )
Lo far L = n/M
N SR
i L LY
i then "
u-q1:‘1 o . a B
R .
1 ¢ t QZ) .
(-9 . : :
: . i
i e e peg )
‘L a (1-q;) i

This s readily ssen from Lepidus (1862) p251-2. when the off-diagonal
blsoks 0f the metrix to be inverted are zera. When {&'-Q] is partitioned
dnto Mxft blacks:- -

A e e e

{lI-D,]J [N S 0 Py Py

- .

i LI & ] : Ppy O '

" [ S . .

(I-@) . (e~ = ' ‘ . .
PR v - S
LG>~“-'[I’QL!);PL1"‘»-'~-GI

vhere Pij is the matrix with elsments sorresponding to those in rows

(A-13Me1 2 M4 and codumrs (J=1)099 o .4 of &'




therefarg i 1
! -1 I T
I~ .
| Dzl F’z s}
m ™ org- '
. jooTmm e A7
1
(I-(J ) Yoo e a
Similarly 1f rows Msi to 2M end coldmns M1 to 2N of &' are interchanged
with Tows 1 to M and cclumne 1 to M thep:~
- -
-1 -1
0 I- N Coe (e
{ Qz) F‘21 x Dz) P
(-0, o R
4 i {x Q,‘) 'P1L
2SI N e S a8

- lu}‘ . . . . . . .
HIw) P, 0

"Comparing egquations A:7 end A.8 Lt cah be seen that the slemants in
&ach row arg unchanged although the row ppsition has changéd. This

is clesrly trus. Par sny intershange of rows end columns corresponding
to the MxM partiticns of ¢, Congequantly in finding the 1 norm of
{E-0) -1 -0} 1t 48 oaly necessary o cunsider the first . rows, and
if the row sums of tha sbsnlute valuss of elements in the rows are lass
than one than 1% can be concluded thet the 1, norm of (.C*Q)M'.W'—u) iz
less than one &s any sst of M rows can be moved to the first M rows withcut_
changdng the slements in the rows,

Set lh“ = the slemont in the ich pow ang Jth column of ¢’

=1
» the alement in tha 4th row and 550 corumn of (1-9) 7" when

[
aij
the diagonal blocks of Q are mxm
. -1 y
¥, * the alemnt in the 1 row ang 3% calumn of (X-Q) 7. (40 -0)
whan the ciagonal hlooks of § are mxm
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s
|
g

m
Y ™

Set G

ang B?_1

Using the ’‘Sordaring’ method of matrix ipversion it s pc.s& &

Then cansidering only the first m rows of (1-g)° "

m m
Lol
P UL

)

n
s v
1= A

Il

T=me1

z
1=

m
Lol
m+1l k=1 1]

n - s
T1Eafly ol

L= k=4

et -0

izm

ism-1

) -t ~
Sy in temms of uik {Fadesva {1S83) p1B63-8) from:~
@, 1 . |
Gy & &gy ™ Bim'smk/bm 1, ksm=1
L -
i sLm/Am ism-1
o - Lme
Carg Emilbm ismed
m
e ® 108,
whare
- -
i it "
By= 0 ey ¢ LIV igm-1
LI M A LR RES
=1 -1
LI u 4 + % 8,
Am ! "l’mm * iﬁﬁmi”im ¢mn iﬂéim i
‘Then " |
g =~z | T W z B 8 b1 /by ™ Binbai/bn 15m4
LT it ked Tk »
i ES
» L F 2 e Tl
and G P S N TV S Y/
o e ger T M




Cansider equation A.g first

n
Y. =
3 Y. + B, /A (TQ

1o 4 RS

m=1
mk¢k1 - ‘bml)iklﬂﬂim * Byl 2 mkq’km p t"mm)f

i L%
m-1 w1 et
-4 ‘1 o
But E & b% D g, 24 o =->: A
O Klgay mitdk 1e1 d'mjk i _jk L%y jfﬁmiyjl
w1
and I 4§ - -
g i b 47

-1
Trgy « Byt (- ¢ ‘I'N\Jv:]l gl B

)
n
ma

El

; D i
‘ E + | =8 [ E
f lgmhu F+ 178y, m| émJ T
4 for all jsm-1
then
=~
g s8] fegse gt 1“’mxi'“ Lsme4
» )
A fletil 1 then 2 EAYA far 811§ dnciicing 3om
=1
: r
SO s e d e for 1) ded et

Similarly for equstion A.40

o m=t -
B A B Y WAL SIS
; 0 Lugg By gad T hES 1t (!

et
I“KE,]&mk@km i "n’mi

o mt -
(1§m]j§1¢mj"?1q * Al 1180

m=1 n
1 m-1 wqw Ty
PN PN ST ERER Y
AmI (J='l| mjl 4 1”“’ ™ ’




for all ;emeq

m n .
LIRS AL N

and hence

m y 1 1
Lﬂm <1 1P G'J" <1 fer ail jgm-’l—l R A1z

By definitiun

s = x
‘Y ' 11"’11[
a9, 1
5 by
1=z ¥
<4 (ahown in part A.3 of this 4ppendix)

Therefore-by indusction end aquations A,11 @nd A12 it can be coﬁcluﬁad
Theti-
€ <1 for all'tsh
If m=f then; -
gt for sl isd

ang as before the sets of M rows and columns are interchangsble so that:-

G’f«l for pld dsn . mmmmeseweecioes [SEN
Using the 1 norm~

" 1
r-gy CLeer-m |, = mex G,
ez l 1gten *

< ty equation A.13

therafore

ofr-m o) AT e




Carrolary:~

,"iil = 1'7*[¢iil for ali izn
L b
AHletlollor eyl s (fer)] et

zlquul*l [+ 1L e

n
bl B el el

144
= 01 tsee part 4.3)
: Teus el zela o o] for a1l in by sgquation A.13 axd Al
SHe e el for all 1sn

B O A |

1515n o i

He o], for the reducsd Newton method

whers |G
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ACPENDTY B THE SPECYRAL RADIUS BF A LOWER BLOCK TRIANBULAR MATRIX 18

THE MAKIMUM-OF THE SPECTRAL RAULL OF EACH OF THE DIACONAL BLOGKS

Dafing A o - - . ¢

AM""‘ANN_%

sitera the Aii are aquars (not nscassérily aquel sized) metrices  and
}\1 the lowsr trisnguler matrices -(not necegserily sguere but detaimined

Ey the sizes of L and A}J of the pertiticnad metrix A,
3

1§ A is now sxpanded by ‘Laplaca’s Expansion’ (Wylle (1860) p408) to.get
the daterminent of A (det (A}t~

g 00 0 Dy
) B A |

dERiAY=Bet A, ) dot a2 .38 . £
X “ad
R
¢ 4
; ASB o o ‘

i Pag Paa X .

B
=det(A,,}.detiAp)- | . o B

LAN3 . . ANN

=det(AﬂJ.dst(A22L Ve detlAy)

The eiganvaluss of A are found by selving

b (A-AL) = 0 for A
which oy equation B.1 o=

- [1}
'c}e‘c(A”-)\I].det(AzZvAI). . ’dEt(ANN XI) @

therafore the sigenvalues are found by solving

For 4=1,N

-x) = 0
dstmii are the aigenvalies of A .

snd the eigenvelues of Lhe Ay

p{Al = max plAg) o
fsiEN e
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APPENDT X

WEIGHTING FACTORS

To.chooss the: tear set with the lsast riumber of dovhls tears, each stream
is simply welghted by the number of cycles Lt opens (mKL Then any tear
sel with no dounle teats will have & welghted sum vqual o thi number
of cycles, and-if any cycle is opensd moke then once the weighted i

©will be more then the minimum.

To choose hatwsen the membsrs of the 'no double tear’ family (pre-.
suming therg is morg than one member 1in . thé family) -on the basis of the
member with the least tear streams, the streams must be weighted so that
straams. which open fewar cycles must be Wedghted slightly hésvier than
anes which opsn mors cycles.

The warst cese thet can arise when decomposing a network of NC
cynles;  is when tha tesr set conteining NC streemé =ech openi g only
cne cycle must be ghosen in preference to the tear set -which contains
anly two stresms buf causes a doudble fear.

Set LARRAS W0

3

Supposs for the two stream case that ane stresm opens M cycles and the
ther streem [NC-#+1) ctycles, so tausing the double tear, then the sum
of weighting factors will be;

' n vy {0 CNG-Te ) +X)

& NCHi+zX

Fur the fTirst situatien D = NGUIeX) '
So to chovge the ‘no double.tears’ case,C must be less than C':

NCLA#R)SNCHE+2XK

or %<t /NE-2)

= For A>(NG-2)
Converting to integers Wy A.mKM Radlins




P

Similarly when the criterion is required to selest thé tear set
H with the least torn varisbles within the family of 'no double tsars’ Shen
‘i ‘the tear set containing as many stresms #s there are cyoles in the }uar:wurk.
5; 2 Bach having the maximum numbér of ve.n'amae {N\)k) wut causing no dotbls.
i toars, must heve e welghfied sum less then the tedr set containipg only
| Twa streams with one varisble in esch buf ceusing & double tear.
Septing . wk = mk+va'x
then 1k is. regquired that

NCL1 +Nvmaxx1<m‘x) +([NC-M#1) 1X)
B0 that ’ XU/INC M2

fonverting to intsgers

Wy e BT A whers B> (NG

)
. -




E

CORPUTER DISPLAYS
FOR TEST EXAPLE 1







6. v ey
2 o1ty S 3
2 2191 > 5
131 2 ST
» el ®1
s 21 £7
s FrTY St s
1 3T & ..pr -
| . € s
£ T §
B2 .
sy e
o8 e
w 1 Z i
g 7 F 2023 :
S elZ Eagerre
i e e TRV 4
£ SrIv o m
LSRR o33N
8°9% o000 [
FOOTE  aaby Tz 3
cr ot ero 129071
2.9 okt pZoes
2y a*g 212871
50 3] . 13901
o0 ot ZE0ge
“039 $120°3
sz SeL S106+
ASYS TTCOT 2
orn21 0*0%e e do% 05001 £18¢%
. T IS Zrese
€..0%7 g2 7 1ON3 I1geea
LTrL 20 g 1583 o1agea
€ 258 £ IIND Letgen
A S
T g w0 g
1 I8 -+
2 f § g
¥ivd
T e L L G - -




ot [ 0%1 §¥ADn
k<o Lt V19T
529 S*e 131007
ERa] 670 Lot
T (381 oy £OTOD
R L 1te BIYDN L
T4 ag <rrgra
1g ] SC ¥
353 JerTe a1 SigT
01 21 g1 %371077
FER EaE: £0i50 1
k4 1 WHLSTE0INS
. c*o over 101G
R S L]
CUUET 1wls 865000
. 00w avis @53ge7 - )
} 9 €1 I%i3. L5007
i 9. HILM. 923007
H e & DT ¥Wd5 £300-7
i 0 Eier owwd3 hEger
S 6. BRI ¥HIF 500
B L A1 ywds 2RoG e
£ 5 91 veds o Tganen
BB L SLwADS 0590¢n
i z * I YW3S 6§00
S0® €Y vwd3 £R09¢
K% TU wADS . 1w -
L I3 w35 eggsey
I -2 0v wads eygdiac
# G e z ¥AdS w30Ct i
2.0 1 Tveds£30000 R
T 1M3d ¢RQOT Y
VI¥O INYTg 1360
Jweet
° el o o ¢ 3 L o * BLOO* Y
860
BYLVG NAE L£30°
°Lop 3
A A S S T S T S SLC0*
. ]
. 8:000¥ . ¢roga
DY eos ] 2 o o0 (3] &2 Fre - 2L20*n
6 . SWFL 01  ZaAl 112077
$0°0 050 sire are g*e CLLI
¥ HSEY R zdsl 838974
BXIN @ Zeal gepsia
- o9 ot o0 0o & sooz o epe £30¢" 1
g 00 20 cer 0o A2 are L] wIp5e
E WML TT 3eay geayin
. & WIMd 11 Ad35. €360+
o*s L €990
Ll Ao ] 20 et a0 . 08 G0 we e €239+
8 drML 5 DAL Ieppe
MXIW €. 3eAr ¢ohae
. . WO0M3 T - AQ3) &Spne
08002 £500°3
a* a0 -0 av9 evo oo oo oz 500 43c907
& dwMl 2 Saiy 883577
: MXIN. S FgAl sIpoen
i ! e e LS NS,

e e s o




I3 3

(09303 ~
€ ®3LT $31p° 0
1 AN3DIES oY
TYIVA s 23 1

23 “y ~
o0z eeoz 22333
| B HuEW a3 3
2 3 Z1. ¥kOS €5 S

* € 0 wwds oo - S
x ¥ & w835 1% k}
172 "8 vads g313:n
£ i 2 YoI5 6w 5

E r 3 wedE prises .
S z < YRI5 2w )
. T wnls on a
2 S £, ¥rd8 cyipsq

@ Q z VDS #HI3v. .

T o T YrIS €wiDt o

* AN738 TyIoea N
YYD 1dvig Ixlern
e i i
gy fee Jouhy iy
cireg tee 10 cp oo ot 2:8 221303
& anut & BedAl 231010
| WERR 2 X035 GEyneq
zx:m <€ BeRL ETioe

. - e . 5, Biioa .

- b= el oy gry [ R2-81 oo - 21D
) & GWML R Beayp Brjpes
hE o P PO X P 281>
< ohn asy oy oG 90 ESE 51303
. &7 ogwss & Shuy dz35-0
HYTR 1 Bkl prio. o
NNIN ¥ SXAL LZ1Ev
. YAVS Rpy 9Zigrq
©TRIS Y
S §7¢ 21071
35 B CEETer
o ite 22103
ENS 1re 2T
58 zre cZEge
o ene DEId
tUe io-t
' RN TEem



238.

ma o0 d
e fe
DR
Goen
AR
Sl a2

NS
a0




{11)0UTPUT FROM INPUT PHASE

239+




B . € ©WOBd SanHd

[1: 12 RLO* Y [3-109)

1 c0xud SaHd

ARAAKD Rty Nk DN ARt A d
$3T1d3a08d IYDISAHS

0001 o*a LN -aan o T
¥zZLO LSO T o ettyen
00 o201 1 . #712~D
&*‘}**&*i*%%**‘*#*‘t“»4*%****
SES5VYI=D NI SNOTIDVHS JWN0A
A 0001 0*0 £ SsSyI3~-9
: 00S*0 00S* o Z SSYI2-9
0o 0301 1. §5vd=3
ot fobpkdukd e T L S L PR E O APy
. SISSYIO-9 NI SNIILDVHL SSvw
o-szg1 arosz 0008 ‘oot
" 0 AR OR R R R
NDTINGTBLISIO 3215
’ B
. HoR R A KA A
B SHWYN IVYEINIW
E4 WYINLS ¥ ANV oL 0T Av3M4S Z . ANTIZ WOyd
1 WYINLS b4 ANVIIS DL 41 WVBULS 14 AINY g WOU
€ WVBMIS Z INy3d DA S WWEYLIS ©  Ineqs woud
T WYBWIS @ INvia 01 € avOeis € invaa woud
R NGO Rk RN RS AR
SNOTIDENNID L4vIumnRINT

ERITY

TiMd as

240.




s0170S% 070LY MILVA 00°0S A8 434 S1 @ i1mn

. AEBA RIS a
Sa33d4 ¥Iivw
T 1 T
T 1 Tor ot T T 1 1 L ¢ 1 T
SO3NIVIBO 3¥3M SINTYA ONTMOTIDH 3HL T NOTNILIND ONISA
R S T T T
SONTUMOIZY AvVSNyS g
& 11 € CLINN SIDINNOD FI1 WeINiS
0 113 01 LINN SIDBNwD3 47 wr3wic
.9 1in ot AW ELTH
01 i1wn O1 @ S1 AvSULS
g 1IN D% 9 H1oweduls
S LINA DX 2t FlohvInls
T LINNOL T T1 wWeisis
. Tt Ilva ol oF W73%15
£ oLiNg O g 6 wyFo,s
£ 3INnog | wy3sls
& Litn 0. L W#3I9LS
S LIND 0L © ‘Ww¢3u)g
o LING O % G W3NS
1 Linn L2 % W73N15
0 LInG 0% 2 € wWeIul3
. S 1IN0 010 2 r¥3als
2 1iNn 01 S LINA T ww3als

R Rk T IN  k Fory KR
XIULVW NOTLDINNDD WYI 1S

. 1 =S3SSVIH)-5 40 ¥3Aanw

£ =83%8vI5-2 IO vgesav

¥ O=$38SVIY-3 JO ¥IRAY
x,x**¢i*;*m*&r*;n*»;s;**;»;*fxx§i4&f&*»z;»**;*akw&*nﬁa;,’aaw,nw.«,
£ HIEWNN ANVTId

PEEERERE KRRt TR S F 0 E 0 0wk d b b Bkt Ok 0 500 Kk R b 6 o 0 8

00 9T E{:34-0 4 v0°0e

. ¥ dON4 RaMd

241,




c-00%  ©) 3Zopares o2 000%*0

8°00% 0D 3000T*> o0°0 00020

SYILINVHVY ¢ S033V onv LIvn UXIN ¥ g1

% MIPWUAN LINA

SYILINVYVE O SUIIN ANV LINA wxik v s1

r0scZ

oo ovo ooez1 090673
SYILIMVEVY 6 SOBIN aNV. LING dWHL ¥ 1
2 SSmenn Lina

“3302

oo 0° 0 oo-zT 290v"3

SHIASWVUVG & STBIN INY 1IN dAmML v oST

T H3[RAN LINN

Yox¥Ol=LTWITT ADNYNSINL o
8 =5A011VH3LI1 nPEWaN xva
€ =30-413w IDONIFUIANID

35 ok ko w

ok k4w
VAVG NOy
SLh 0G4 S8y € %% 1 s
6%~ 00 vg SL*FE € 333 1t I3
mhhﬂ eurz 0 Qo T 105 t s
z
SHSEYID-0
FAYUDIALYD HOVE NI sEvw
QO*S1 =gdinng ERACERNED
0001 =SUITI0S SV WLOL
FAEERTE R 2 S Hh k&
2 UBUAMN WY3NIS




;lielwmmwwrrh'n

N } ) g 2 9 1 o0 2 o o g- . 2
- 23V $300) 1AULnY AT ID373S s
X 0209 0009 0 0%0 [ <9002 veooe
00 Foooire 973 0393°0 . 000°1 00 0o-zt 000°2 000970
SHILINVUVY bT SOFIN ONY LINA gl v g1 . [
. Z1 u3AWON L1NA - 5
0005 :
000%%0 03 30007°3 03320 0001 00 @002 00 3099+ G
’ SHILIWYHYY 6 S$O3IN OGNV LINA dwsl v §T 3
. . . TT BaEWAN LINn g
. *0p02 -
c+00a 0025*3 00 30331%0 00020 8% 0 3Ky 000°% 0006%d B
SBILIWYEYD 6 SAIIN TNV LINA cwur v §1 3 ; :
N SwErsmmszexmen TN i
. O ¥IBWAN LINA : :
209°s - i
000%°0 02 3000142 6202%0 000°1 00 oo 0*0 200w 0 P
SHTIINVEVD & SOIIN ONV LINA dREL v S1
T e — p
. S-o 6 YEBHNN LinA
T0~TQOOL 0. - 00 FC00I*0 ©0Si* o0 000" ¢ oro
SHALAMVYYd & 5UIAN ONV LINA HSED ¥ ST
s ssroroooarmy !
8  WIDWAN LInA
e
\ . SHILBWVYEVY 0 . SUSAN GNY LINO MYIW ¥ S1 M,
. EEREICE SENs oas S
®  HIAWAN 1TNA r B
‘ B




0*00%

60 35001y 03

0* 00Y 00 HGOBI"D o*o

10300080 . 00 3000170

SHSLINVYEVY

SuzLIwvHvd

SHIIIWY NV

SHALINvEVY

ooz o 0-0

EEENE 2

so02"0 [24]
SHILIWY Uy d

s

o

]

]

©

&

Pe*%kD1
5

0051 0
SUIBY any

SaIIN ANy

$G33N any

SO33N TNy

o a
SO3IIV ANV

00
$033N 3Ry

coo g

9 HIONON LINR

LINA BXIW ¥ S1

& HAPWAN LInn

LIND ‘¥XIW. ¥ S1

€  ¥IEWON' 1T

(At et
LIND dwWd¥l ¥ 57

T BIOWAN LINO

0021
LINN owHL V. 5T

1 ¥IOWNAN 1INN

SLIWIT 2ONVETIOL
=SNOIIVHE LT MICWAN Xva

£ =JUUHIZN IDONIOUIANGD

TRY RS G
R Rk
VivG Nng

©Go0T
000D

0002
06e¥TD

244,




00 Foeoito

ooar o

ogoreQ

03 30301y 03020
C005¢3 00 33351
0dp2*o

G0 Fggcieo

0000
000 Y

Q001

ogoE o

doot

o o 3 LAY [

) a
‘EYYSS3002 1NdinG a3lyavas EXFY

c0307 a2
z sae

ot
090~

{F
99

o
09 00-21
SUBLINVEVY ¥ S03SNONY 1Ivn wway v s1
SrmEsscmomsons w
T E3aWON Limn &
d00¢s
o0 006 g (221 $03v -3
SHALINVEVY 6 SQEIN TNV LINA owdy v 51
ST=smssasawoig
1T MIGWAN 1IN
*0002
070 oo soorE 20073
SYFAINVUVY 6 S0TTv Onw 11nn dN¥L ¥ 51
OF H3ENON 1IN .
203 *g
orq [T ad] 0o [ 20
SHILINVHYY & SOBIN Gwv Linn dWHL v S
SeEErocasmaoma
HOWON X INn

. & &




£ 253.z 0% 4

050 . 0g*¢ L 2 1332 Ws <

. 0o S$o*0 1 302z "os
0* 0 5ot g £ 123 1 s -
0540 050 2 5 1 s ;
oor1 $6%0 17933 1 s . i m
. c = . e o
-
SASSY -0 \

SANOOILVD HOVI NI S3vW <

Q00+l =$417I0S ZOvVingouidd VL ;
000°1 =SJIDS SSYW IWwioL

F R ok ek ek .
1 BIENNN RYIHLS

wS.Jcmx o.o._kmm»«x oo.bm\,.wommwnN_.mz:

B AL RN AR
SQI2d ¥3LVA
L 4 o 1 1
. L 2 T S S S S S

. a u “ A ~
v . FUSNTYIRO 33X S3NIVA ONIMNDIIDS BHE O NOTHILIND SNISH

ARSI R R AEF R

@
SONTLHOY 2% wWVIBLS =
S LINA QL & LINA SIDANNOD 02 wrSdis
S LINO X 20 1190 SIDINNGD 61 we3uid
) S IIRG G1 o LING SUOBNNDD Bl mr3drs
6 LIND UL 4 LIND SLIINNGD Z1 heiniis
& LING 30 6 LIND SIDIMNOD ST wylsis
S LING D1 6 LINA SIDINNDD S1 wr3mis
2 O1ING 31 v 13INA SIDINNGD v1 womwil
TOLInn 0178 LINM SID3INNOD £1 sv3n1s
T & LINf 31w 1IN0 S1ID3NMED 21 AvIMis
YoMIAN GO T LINACSIIENNGD 1Y aw3sis
I LInNN DL 2 LINO SIDINNCD D1 wWeOuis T
B S LING DL 3 LINA SIO3INNDD 2 - he3¥1S - s
2 LINM 01 0 LINA S1D3NN0D T wedmis :
EACRKLF R BTN b o Rk b g A
XIHIVN NGIIDIUNOD WYHALS .
2  =SHLEVID~F. 4O UIVWAN
€ #L3ISY -9 g0 NIRANN 5
N € =53S3vid~0 40 NupWnn
R ARt e A A LR AL T L P PRt i st .
T . oHDmeAny avvd ﬁ :
v .ILo:n*%n»:*fw*.‘ﬂﬁ*iw;«aqebzz*p«qtzasr!{»d:m&&tut&w»*;*«&;: *




000%

0002 *3

030E"D

(1124

SUILINVAVY C  suzaN anv

YEREWNN L INA

’ 003y
000" LAl 28] 000¢*)

1END oAWHL ¥ 53

¥ ¥3WNY 11NA

S¥ILIWVYYE 6 SOQ35v any

SUILINVHVY ©  SOIIN ONY (INp wxiw v s3

2 u3FWnN 1imn
o

SHIIBNVEYD O SUIAN INV 1INt wxrH ¥ $%

1 H3BWew Linn

Poak01=13IW1 IINVEDIOL
8 =SNDUIVABLI NI0WAN xva
£ =U0413W 35NAOBEANDD

2 ok sk
ety

Vivg NAY
QG S50 £ 332 z s
0S° 0 oo 2 22 z s
G o 200 I 793 2 Bs
G0 500 £ 202 1 7o
4534 050 2 133 1 W3S
001 Se20 TOI0D 7 33§
€ -4
SIESVYID~3

TABVDOILYD MOVI N1 SSVW

00°02 =501705 A9VINZDEIQ
BOVE =$QIIBS §Sviv YiGL

FMELGA B e hog Rk bk
B ¥3dniN avnegs

247,




oresz 002 g

g00~5 D 2002143

0oors 00 30010

00 233301%7

FPETIE]

03322

oo

30001°0

[-IvAg ]

000 ~¥

9. > ° 1

o @ s

2 [

SE¥Y S3A23 1N4IND OILSZIES Dup

[
SHILEWYEVY 6

0t o
SUIBWvEYD 6

o°0
SUIABMYNYY &

oo
5C3aN dnvy

00* g1
SGIIN ANY

VO£l
$033N ANy

1T
LIND owxdi ¥ g1

==
YIAOWON LINn

oo
LINY gwal v 57
Pttt

¥IEWOAN L1Nn

ore
AING au8t v si

cogoz
ECCERS

967 LT
200%°3

0S5 L1
V00%°0




SUILIWVUYLS O $OIIN ONV LING WXIW ¥ S3

PerVELINIG Zonvy3ang
=SNITIVHEL1 ¥3IOWNY xvd
~ =GUHIIW IONIOUIANDD

B e,
FRAERA Rk
vivd nNoy

SAI170S% GO*0T LY Y3iva 00002 An 034 1 v 11Nn

. Ry IR
SO3IJ WBLVA

T 1 1 LI T h 1 T 1 T T
FOINIVIBO TuIW SANTIVA ONIACTIOH IML 2 NOIYILIND ONISH

e G Dt tnd
SONIEHDT F4 WVIHLS

. G AINA DL T 1INA S1DBNNOD 21 A73dis
7OLINN Gl s 01 W¢2¥LS
¥ LINA QL € 6 wydmiy .
T 1ING D1 e ¥ h¥ayig

. £ 1inn DX T L KF3M13
g 1Inn D1y 8 Av3uis
S LINA 31 ¥ S heIN¥il
0 LIND ULy LING SIDENVOD b R7IILS
S L1YINM DL § LIND SI3BNNOD £ ho3d9if
9 LIMG 0L O LINA SIDANNDD 2  ~v3His
T OLINA BL O LIND SIIINNOD T woEH4S

FRF AR AR K Rk KRk e K
XIBL¥A NOTLDINNOD WYIHLS

T =S855vId-F oo
1. '=SdS5v¥™D-9 zo
E =SAsSSyI3-g 30 NIanow

B e A,

T uBEAON ANy

R R AR R R DA RRRE R IR R R

e et T T S

249,




SHALIvuvd. ¢ . s0IAN GNY

000" ¢

o*001 opoeo

0=0
BHALTWVHVD 6

o0
SOBIN OGNV

SYRLINVYYE @ SgI3N Iy

00 000z 0 o0 oo oo e
SUBLINVHVE 6 SO2IN GNY LTNA ewul v 53
€ nInWON 11vn
i 0001 005y 00 0000 00 0o 000 +g
i SYTLINVYVE 6 SOIEN QY LINR dwwl v s1
2 B3BENN 11w
i
I
i
|
|
— . . S,
A

$I0G> Insind 03(5373s 34t

AINA UXIN ¥ ST

TomEmms s smenx
El

UIARON 21NN

ooo"g
LINA WYL ¥ 53

S WIEWON 1iINnA

LIND WXIW ¥ S

REmsSamEscnens

¥ BIAGHAN 1IN

ro0002
204873

" 0002
00050

‘opoz
006Gy

250




o oot

oroot

o002 0

ogva*g

ooz o

oo
SYBLIWYUYD &

Sy3Lanvuyd o

ero
SHILIWVYVL &

0*0
SHILANVHEYD &

SEILIWVEYL O

* Q00T

et o 200%*2

$033v any

S033N any

*Q00Z
are o960 Ty 003% 73

SQ33N GNY

to302 .
LER2E]

a 2057 ¥
SO33N 9Ny

T-Ex01=2LINIT FINVEINOL h
2 =SNOTIYHIL) NIGWOM xvd
£ SFUGHLIN IINEINSANDD

LS E 2] XY
FREEEEK Ly
VivO NNy




. 39vd/

4] € o 0 € £ € o Q 2
13¥Y SIC0D LAINO G3LD33S I

e Pt e PP

_“M“H
—



{117) OUTPUT FROM ORDERING PHASE
253,




/P PEQL

TEARS g
UNIT CROER
2

TEEFS 16

UNIY CRBER
6

TEAFS 13

UNIT CRCER
2

TERS 18

LNIT ORDER
5

TEARS &

UNET Uﬂﬂgﬂ

TEARS 4
t oroLA
LNTT 3

14

PLANT NuMpER
v***«a*wt‘i*»**i
*H‘**i‘l!t!ﬁ‘*ﬂ**

NODE MU M3
4»*»&****52**&1

NODE HUMBER 2
LEET IS PPN

10

PLANY NUYBER
ERBE LR TRAE RS K
H AR A KRR K

NODE NUFRER 1
EE TSI T LT

NOGE NUMGER 2
EEE TSI R ALEE e Y

PLANY NQSOFR &
BEAKPERARDAREALSY
¥ R Rk A Rk Rk

NLDE  hUNDI

€f 1
YarAREIISHS

s

OB KUNDREF 2
';Ct“»gn*nwn“




ESE

{iv) QUTPUT FROM CALCULATION PHASE




/P PHC

FR A KKK F 4 .
X R e L L N e N T L T LT T I T Ty

FLANT RUMEER 3

R R R R ANRE A
THERRNAT LA EN R TARARAA DA AR R AEAA SRS A A DA A s

AUN hUNBER 3
FERAAAR AR GEAN

NCDL '\UVULR

RATICKS THE RA§ EFROR IS5 0.0003

; N 0.0000
REEULTS FOR PLANT 3 AU
#19&»47*;*14n*v«»»14w4»*#*t*»
THE WATEM FEED TU UNIT € 1§ S5C.CC
S5SS>3>FLET STREAM 2 CCRTAINS 100.0 SCLIGS AND 566.7
BAGS IN BACH CATSGORY!
G-CLASSES
1 2 3 &

sCL i GCL 2 0.0 z.0C [ 3.75

SEC 1 66L & £3.1E 0 24.EC 0 150
! 5CL 1 6CL ¥ 1.25 “.0c o 9.75
' VL wSTE

MASSES:  4f.cB 41.62
GRALE %3 qz. 310 E1.€2
[ : H £ ANG 327.7
E L CKKDUTRUT ETREAM 3 CONTAING G4-C0 e 2
{ MASS LN EACH CATEGORYE
0~CLASECS

i 5 3 i
i

s¢L 4 GCL 1

5C0 1 uol 2
; SCL 1 Gl 3
i MASSES

; GRALCE %
% RELUVERY




- i st s

<R <OuUTPYY STREAN

% CONTAINS 16,83 < {

MASS IN EACH CATEGCHy: SCLICS AMD 185E.2 WATER }
3

il

D-CLASSES i

. 1 2 3 N i
SCL 1 ot 1 0.00 !
SEC 1 gl 2 1218 NP |

., N

L3 C.ac g8 g.04 i

VALY hste i'

_MASSESS 8.1% [ i

. BWADE x: 4311%  ggles i
B ORECEVERY: 18,47 14nge 4
§

i

C<LCKCYUTPUT STREAM 17 CGATALNS 19,47 SCLIGE AND 1 NATZR 11
MASS IN EACH CATESCAY: i

. ¥

D-CLASSES 'f;

1 Z 3 ?:

5CL 1 6gL 1 €.00 (319 0.0% 0.¢5 ;
scL 1 6CL 2 Z.88 £i7€ :.34 §i22 ﬁ
SCL 1 6CL 3 0.22 (3213 c.as 6,80 a
vALU ¥STE 3

MASSES: 8472 1C.3S H
GRACE %3 42,75 £5.21 i

% RECOVERYS 20488 1,63 |

SCLIDS AND §1G.2 AUTER

YRR+ EFETEAR STREAM 1 CONTATNE 126.6

o s

o

KASS Ik EACH CATEGLRYS
L-CLASSES

H 3 3
VALU wWiTE

3 zr [
HtbresbeTEAR STREAW 3 CUNTAINS 11.28 SCLIDE AND 93433 WATER

MASS [N EACH CATEGLRY?

. L~CLAGSES
1 2
« Ca
scLo 1 goL 1 g.¢0 I
I, Gct. £ &.33 .
I 0.21 <.
VALY ¥E

2,66
44,40




EREFEEETEAR STRE

. MAS3 IN EACH CAYLGORY;

URIT 2 GLTPUY

CARTALNS:  €4.00

NODE NUNMBER 1

SIREAM 3

SCLIVS AND

CONTAINGD 21.08

i
J LERTAINSE 44485

CONTAINSE EE£.E8

i CORTALNSS - 16e%

UNLT 1 GLTPUT STREAM &

BCLIUS AND

UNIT 1 BLYPLT STREAK -8

SCLIDS AND

[ UlIT 3 DLTRLT STagdn 18
I

SCL IS ANU

UmLT G DLIPLT STRAM _E

sCLTDS AND

258,

AP 16 CTAYAING 16,27

D~CLASSES
1 z 3 3
SEL.1 goL g g.c0 ¢
6T 1 . s
€1 get i 2:13 Liq §.92 $20k
1Gél 5 [ 341 cisé .21 cl2g
VALU st
hASSES: Teh N
GRAGE ni  af.et  eqlif

SPPPO5PREL STRUAM 2 CONTAINS 100.0

‘227.7

491.5

156. €

SCLIDE AND 89,21

SCLICS AND 5G&.7

waigR
WATER
WA TER,
WATER

#ATER

WATER

ERRCH 15 ¢.0000"

RATER

WATLR




CORTAINST  29,z¢ SLLIDS AND z3n. € WA TER

CONTAINS : .
. NS 1128 SCLIDS AND $3.13 WATER
UNIT 11 ouTPuT
; CONTAINS:  2e. 1
i 51 2e.01 SCLIDS AND 139.7 WATER
! UNIT 12 OLTFUT sTRean 2
CONTALNS: 19,47 SCLIBS AND €3.81 %ATER
i T . UNIT 12 QUTPLT STRUAM 13 -
i CENTAINST &.54% SCLIDS AND £5.86 WATER, .
Id UNIT
CONTAINS:  129.€ SCLIDS AND E15.2 wRTER
< .
MNUDE NUNQER 2
¢
AFITER TIING UF THE KMS$ ERRCR IS 0+0609
UNIT 6 OLTPUT STREAM 14
. UNEIL RSNt AT
CONTAINS2  2€.74 ECLIDE AND 223 ¢ hATER

UNIT 8 DLTPLY

CORTALNS:  22.74 SCLIDS AND 223.0 RWATER

UHIT 10 QUIDUT STAEAR 16

CORTALNS Y 1e.27 SCLIDS AND BY.2&1 WAIES

UNEIT 10 0L

WA TER

SELIDE AND 13348

CONTALINS? 16.a7




I

LEZE T2V
*ﬁ»Vﬁ*%‘*li\%!“44*#44*1?1«*#'**»!‘#‘04(l"ﬁ!.di“»t?(lli**
PLANY hUMBER 2
* .
Aﬁ*xl*******i***w%na*!#"tivv**vm&t*tt%ﬂ*!1w1x1<ti$4n<ﬂ*ﬁv#*4t*4&

AN RUMBER 1
AREFE VY Ak

NCDE WUMBER 1

SCTTING LR 2THE RKME E
s

1 $TERATIORNS ThE

AFTER TTING URTHE AKS EWRCR {% 1.8834

AFTER 1 ITERATICNS THE RpS EFROR IS 0.0000

RESLLYS POR F‘LANT 2 1
a*w*aii»***»;:*s$\i##*n»ii»*n

THE wATBR FEED TO UNIT 2 18 20,00

SO50535FLEL STREAM 1 CONTAINE 64.C0 SLLEIDS AND 327.7 WATER
PABS IN EATH CATEGURY! .
UrCLASSES

z

anaahe

TS

2]

r
[RYNPOIY

o

o

-
[FICTVT TSP
M rma

55530595 FREC STHEAM R CORTAINS 3,453 SCLICE ANE 18E.2 WATE R

Mass Ih EAGH CATEOLRYI
D-CLASEES

I
o
&
ORI I e e
o
jad
AT e e




WASS

~

MASS

<LK LLTRUT S1kila,

MASY IN EAC CATEGRAY:

o
a
e

G Ay~

MASSLS:T
GRACE %
X RECOVERY:

CLLCKLOLTPUT STREAY 20 CONTAING 8414

RN e e
o
o
(s
9 e L e

MAGSEST
GRACE X3

% RECOVERY:

4t EHITEAR STREAM
MaSE IN EACH CATEGUAY!

Frv bbb T EAR STREAN L4 CCRTAINS 348<]

(NI

cotna
A
=

(3N g

L HASSESE
GRADE 21

EYPE- Y

PP

BRI

IN CACH CATEGORY:

ononme
MO Ay
maoooo
PO C—B
oA~

IN CACH CATECLYE

WATIR

AATER T

walER




FHEAPOUITRAR STREAM 1e CORTAIng YeTk4

MASS IN EALH CATEGGRY:Z

SCLICE AND wELT79

wATER

D-CLASSES

1 P R
5CL & Gok

E C.13
SCL 1 Tl 3 c.os
SCL 2 Gel 1 200
SCL 2 el 2 ¢.09
SCL 2 6L 3 g:es

MALSES:
GRAGE %3

FHERTRRBEAR ARG BN R G A AN ARAD G A IR IR A TN LI AR AT A A A ek xwmw
FLANT NUMEER 4
FRAEA AR A ATF YDA DTS AR I AR AR AT ARECRFF A AN AAA R A Tw AR by

AU RNUMEER 1
REx A8 4D IR R

S3P>P>S5>FREC STREAM 1 CGNTAINE 16437 SCLIDE 4ND 133.8 WATER
MASS IN EACH CATEGCRYS

D~CLASSES
1 3
SCL 3 BCL 1 eJgz 6,07 ’
SOPI>POSFEEL STREAN 2 CORTALING 5,145 o TECLIBE AND 14347 WATER
MASS IN EACH CATEGGRY:
D~CLASSES
1 z El
scL 1 Geu 4 c.e1 1,38 3,28

The WATER FERD 10 LNIT 4

1ILRATE
=

THE WATLR FEED TO LRIY o 1§ -31.08

The waTER FELD 10 OwET 4 1§ -37.12

THE ANE ERKOR

1 i T 4 1S =32.4C
oF L1CRATICNS EXEEDED FOR

Trh WATER F ke srades
paxikhet ALLOWABLE NUMEED

262,




£
f
'
1
i

EUn hLv3ER
O A

NOLE NUMBER

fFT(R SETTIMG UP,THE RMS

0.00645

ThE WATER FEER 10 GNIY. 4 IS ~17,16

8F 1 1TE£HATICKS THE EFS EFRCR 1§ 9,0098"
5=

THE WATER FEED 10 UNIT & §S <17.25

AFTER 2 1VERATICRE THE RS

THE WATER FLUD 10 URIT 4 1S -17.36

HHEFEEAITEAR STREAM € CONTAINE 17429 SCLIBE AND 65.56 ALTER

PASS IN EACH CATEGCRY?
O~CLASSES

~
[

SCL 1 GCL ) £.52 .78 7.og

NODE NUMBER

UNIT 6 OLIPLT STREAM 4

CORTAINST 20418 SCLIDS AND 1544 € WATER

RASS IN EACH CATEGORY:

sCt. 1 6CL 1

ELLTS FUR FLART 4 RUN 2
5’3»:11:*»“‘“-*“““4tun»“
318 wATER
<<CCLLILTRUT STREAN & COLRTAING E041F SCLICS ANGC 184.8
MASS 1M EACH CATEOLRYS )
O-CLASSES
1 H 3
3CL 1 GG 1 7.G3 Ea1% 1467
3¢ B 5§ AND 1C5.3 WATER
£LCRLLUUTIUT STUREAM 12 CLRTAING 1367 sCLITE
wALS IN EACH CATEGERY S
D-CLASSES
1 2 3
¢.00 G.C1 1,38

seL 1 ten )

sPAGE










Author Ford Merrill Anthony
Name of thesis Simulation of ore dressing plants. 1979

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library 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.



