COAL WASHERY SIMULATION
A BASIC MTZROCOMPUTER PROGRAM

Prof. D.D.Misra
Abstract

A number of elaborate and sophisticated programs have
been developed for the simulation of coal preparation plants.,
However most of them are suitable for the main frame computers.
This papers describes and gives the listing of a basic program
suitable for personal computers and other microcomputer based
systems. This highly simplified progrm is suitable for flow
sheet calculations for the design of coal preparation plants
as well as for teaching computer aided design (CAD) of such
plants. Though the models used in this program are very much
simplified and empirical in nature the results obtained are
accurate enough within the limits of sampling errors normally
encountered in the coal preparation plants. There is provision
for addition of new subroutines for unit operations nct already
included and for elaboration of the models used if the memory
size of the computer permits.

Introduction

Computer assistance for coal washery design has been in

use for about two decades [1l]. Gradually the programs have
become progressively more elaborate as well as comprehensive.
Such programs now include most of the density separation
processes as well as the size reduction and size separation
processes [2,3,4]). However because of their elaborate nature
and the. sophisticated and rigorous models used, most of the
programs are suitable for the main frame computers. Lately,
with the development and popularisation of a large variety of
small personal computers, attempts are being made to modify
the programs for use in these small computers. This paper
describes a program written in BASIC.for such use., It is
important to note that because of the simplification desired
and the limitation on the speed, as well as the time of
execution, the approximate and empirical relationships have
been prefered to the more sophisticated and rigorous models
used in the programs for the main frame computers. The
listing of the program is given in appendix I,




pata on feed coal

The data for the program on the feed coal consists of the
following. .

1. Size analysis of the feed coal: Upto 8 sieve sizes can be
used for the program. The sieve sizes are to be given in
millimeters.

2. Density analysis of each size fraction: Upto 10 densities
can be used. The density values are to be given in grams
per cubic centimeters.

+
The size-densdity analyses mentioned above generates an
array which may be termed the "Size density distribution
matrix" of the feed coal. As an example such a matrix for

a particular feed coal is given in table 1. The computer,

executing the program, computes,and holds in thke memory,

this matrix for each flow stream of the plant. The sum of
all the elements of the size density distribultion matrix
equals the Llow rate or yield of the Llow stream.

Table 1: Size density distribution matrix of a coal sample
(Differential percentages retained and floating at :)
(Sizes in millimeters and densities in grams/cubic cm.)
Density 200.0 100.0 50.0 25,0 12.5 6.0 1.0 0.5

S G o e S T S S 0 St b Tt S e e e S g S e W S S T N TS e S T S S W S R S b o s S s s e

1.3 2.3 1.6 0.9 0.5 1.2 1.3 0.7 1.6
1.4 5.0 3.4 2.1 1e? 0.8 1.6 0.9 1s7
1.45 2.8 2.1 1.4 0.6 0.9 1<1. | 124 0.6
1.5 2.2 1.7 1.6 0.9 1.1 1.4 0.6 0.6
1.55 27 1.3 1.7 0.7 0.7 0.6: 0.4 1.3
1.6 1.2 1 1.5 0.7 0.3 0.4 0.5 0.8
1.65 &vl 2.1 1.3 0.3 0.6 0.5 0.3 g=
1.7 1.9 2.5 0.5 0.6 0.4 1.1 0.6 1.0
1.8 3.2 0.9 1.2 0.3 0.8 0.9 "€.8 0.8
2.2 1.8 1.9 1.8 1.2 1.2 2.5 C.5 0.0
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E 3. Ash content of each size density fraction: If so desired

. sulphur content or any other assay value, in stead of the

4 ash content, can be given. The computer calculates the

£ ash factors (or assay factors) and holds them in the memory
i in the form of an array corresponding to the size density
f ° distribution matrix.

The nature of the flow rate, i.e. as mass per unit of time
(such as tonnes per hour) or percentage, and the chemical
analysis of interest, such as ash %, sulphur content etc. are
to be specified in the data statements. For example in the
version of the program given in appendix I the flow rate is
given as "FLOW RATE AS % OF FEED" and the chemical analysis
is given as "WITH ASH %" (See line number 11000). The total
data on feed coal has to be given in the following manner.

T U s e

1. Number of sieve sizes used for size analysis (maximum 8),
number of density cuts made (maximum 10), the description
of the flow and the description of the chemical analysis.
The descriptions are reproduced by the program when the
results are printed.

M

!
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2. The sieve sizes in millimeters and the densitiy values in
gm/cc (See line numbers 11010 and 11020).

3. For each size the differential weight fractions (or the
percentages or the tonnes -per hour etc.) for each density
fraction and then the ash content (or assay value) for the
density fractions (See line numbers 11030 to 11180. In
this particular example there are 8 sets of data each set
having 10 weight percentages and 10 ash values),

Flow sheet data‘

Different forms of matrix representation of the plant flow
sheet have been suggested to facilitate computer simulation of
the plants [5,6]). A type of process matrix convention has been
adopted for this program. The fiow sheet data for the program
is prepared as follows. '

l. The flow sheet for the plant is drawn in the conventional
manner. Bach flow stream is given a separate identification
number.
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The maximum number of flow streams permissible with
this program is 20. This number can be increased by suitably
changing the dimensions of the arrays COAL and ASHF (Sec |
= line number 30). Similarly the maximum number of nodes (unit
- B8 _ operations) permissible with this program is limited by the

- dimensions of the arrays MFS and EQUIP. Here it is important
[ i to note that if there is a recylce stream an extra node

= usually refered to as the convergence block, has to be

i3 introduced and separate numbers have to be given to the
input and output streams of the node.

2., The flow sheet matrix consists of twelve columns and number cof
rows equal to the number of nodes plus the rows required for
printing the results. Correspondingly each element of the row
has to be assigned the following values.

Element 1: Code number identifying the unit operation. The
code numbers now used are given in appendix II.
More code numbers can be added if subrouitnes
for new unit operations are written.

Elements 2 to 4: Input stream numbers (except in case of the

»

mowdes tor mlxdlng ov blendling when clements 2 Lo b
denote the input stream number and recycle node
where element 4 denotes the serial number of the
row to which recycle takes place).

Elements 5 to 7: Output stream numbers (except in case of
the nodes for mixing or blending where the output
stream number is denoted by element 7 and recycle
node where element 7 gives the maximum number of
iterations to be tried for convergence. If the
number of iterations is given as zero it is taken
as 50, the default value.

Elements 8 to 12: The equipment dimensions and the other
parameters for the unit operations. Actually in
the simplified version much less than the five
parameters are sufficient. The data required for
each type of equipment/unit operation are given

1 in appendix II. If changes are made in the models

1 included in the program these parameters may have

" to be changed.
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3, For activating the subroutine that prints the result of the
simulation a row with the first element zero has to be given
in the flow sheet matrix., In that case the elements 2 to 7
of the row are taken as the numbers of the flow streams the
flow rates (yields) of which are to be printed. Thus the
yields (or flow rates) of six flow streams can be printed -
by one such row. When the number of flow streams, for which
the results are to be printed, exceeds six, more such rows
have to be given. For example in appendix I there are 20 flow
streams and to print the 20 flow rates four rows have been
included (See lines 11250, 11280, 11320 and 11350).

4, When the first element of a row is 10, the program prints
the size density distribution of the flow streams, the
numbers of which are given as elements 2 to 7. The print
out is in the form of the array shown in table 1.

5. The total number of rows in the flow sheet matrix, including
the recycle nodes, rows for printing the yields and the rows
for printing the size density distribution matrices, if any,
has to be given before the data on the flow sheet matrix.

Program monitoring

When the.command for execution (RUN) of the program is
given the video screen is cleared (See line 25) and the
message "SIMULATION IN PROGRESS" is displayed. The computer
then reads and echo prints the data given in the program.
The echo prints help in identifying any error in the data.
As the simulation proceeds the computer displays the
position in the flow sheet by suitable messages such as
"AT CRUSHER", "AT MIXING" etc. These displays help in
locating errors that may stop execution. In addition there
are some other error messages such as the Eckart probable
in a density separation process becoming zero or negative.
When the eaecution of the program is over the message
"SIMULATION COMPLETED" is displayed (See line 305).

The data for rows to activate the printing of results
can be given at the end of the flow sheet matrixi. However it
is better to give these rows immediately after the relevant
unit operation rows so that at least a part of the simulation
result may be available if the execution is inturrupted.




gcope and limitations

The program has been written using a building block

i{approach with one subroutine representing one unit operation

| " in a coal preparation plant. This approach helps elaboration’

.

. or modification of the program, if desired, by the adding
® new subroutines or improving the subroutines provided when

the memory size of the computer permits. For example in the
l1isting of appendix I line 230 provides for a subroutine
starting at line 6000 and ending before line 7000. This can
pe used for adding a unit operation, such as froth flotation,
which is now not provided for.

In case of the crushers it is assumed that“a roll crusher
would be used if the set is 37.5 mm or larger and a hammer
mill or a similar crusher would be used if the set is smaller.
The subroutine for the crusher does not incorporate any model
for the liberation of the coal from the associated mineral
matter. However it includes a simplified empirical model for
differential breakage.

Another limitation is that no provision has been made for
effect of the design and operating variables such as the number
of rolls (single or double), speed of revolution etc. and the
size distributions for certain standard conditions have been
taken.

In case of the density separation processes the partition
value curve, more commonly known as the Tromp curve, is the
most useful tool for process simulation. This curve varies in
nature from process to process [7]. The best way to simulate
the density separation process is to take into account the
characterstic curve of the process. Better accuracy is obtained
by representing the curve by a set of discrete points and
obtaining the intermediate points by a suitable procedure
for interpolation, gsuch as the Lagrangian interpolation [8].
However such discg{fe point representation requires more memory
and the interpolation procedures are generally time taking.
Therefore in this program a highly simplified empirical
equation is used for the Tromp curves of all the processes (See
lines 7075 and 7080). The differences between the processes are
taken into account by the imperfection value and a parameter
SK (See line 7040).

et s SN e ot i -
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It must be noted here that though the models included in
program are highly simplified and empirical the results

f .re reproducible within the limits of the sampling error that
usually encountered in coal washeries.

= gome results of simulation

Appendix III gives the results of simulation of the flow

ffsheet shown in figure 1 and the corresponding flow sheet matrix
' has been included in the listing of appendix I.

R E Pt e

This flow sheet is one of the alternatives that where taken

' into consideration,for an Indian coal washery to produce clean

coal containing not more than 17 % ash and a middling containing
not more than 35 % ash. (These are the ash contents specified in
in India for coke ovens and thermal power plants respectively.)
The simulation indicates that with such a flow sheelt and the
media densities/cut points specified (in lines 11230, 11290,
11300 and 11310) the yields of clean coal and middling would be
52.3 % and 29.5 % respectively.

To study the effect of the change of parameters like the
cut points, the simulation can be repeated after changing the
cut points (in columns 8 and 9 of line 11230 and column 8 of
the other three lines mentioned above).

Figure 2 shows a flow sheet simulated for evaluating the
the differences in ash contents, if any, between the crusher
products larger than the set and the other size fractions.The
simulation reusults, including the echo printina of the data
are given in appendix IV. The results indicate that there is
not much difference in case of roll crusher (50 mm set), but
there is appreciable difference (about 5 % ash) in case of the
hammer mill. )

Figure 3 shows a flow sheet that is designed to take some
advantage of this phenomenon; the results (including the echo
printing of the data) given in appendix V indicate that the
+12.5 mm fraction of the product of the hammer mill (secondary
crusher) may be sent direct to the midlding product bunker and
only the -12.5 mm fraction may be beneficiated. Simulation of
the flow sheets in figures 2 and 3 also show the fraction of
the oversize material in the crushers product,




conclusion and acknowledgement

This BASIC program is suitable for simulation and flow
sheet calculations for the design of the coal beneficiation
B plants as well as for studying the effect of variation of
F the parameters like crusher sets, screen apertures, media
densities etc. in an operational plant. It can be used 1in
any perosnal computer or other small system having about
64 K memory. The memory requirement can be further reduced
by changing the dimensions of the arrays for fewere size
fractions, densities of cut, number of nodes and the number
of flow streams. The capability of the program can be
expanded, if the memory size of the computer permits, by
adding more subroutines and by increasing the dimensions of
the respective arrdys.
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The FORTRAN version of this program, for use in the main
frame computers, was first developed between 1980 and 1982
at Indian Institute of Technology, Kharagpur under a research
scheme sponsored by Central Mine Planning and Design Institute

Ltd., Ranchi (India).
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The author is grateful to Dr.Ing. P.Sen (now retired)
Professor of I.I.T., Kharagpur who was the leader of the
research project and to the authorities of C.M,P.D.I.L.,
Ranchi for financing the project.

The BASIC version described in this paper was developed
at Indian School of Mines, Dhanbad. The author is grateful
to Shri G.G.Sarkar, Scientist Emeritus and Dr.T.C.Rao the
Head of the Department of Fuel and Mineral Engineering in
Indian School of Mines for. their helprand guidance in the

work .
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Coal benificiation flowsheet
Ref. line nos 11200-11350
of listing: Appendix I
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APPENDIX I

spROGRAMME COALBEN FOR SIMULATION OF COAL BENEFICIATION FLOW SHEETS
sDEVELOPED BY PROFESSOR D.D..HM1%SKA AT INDIAN SCHOOL OF HINES, DHANBAID
¢cLS: PRINT * SIMULATION IN PROGRESS™
DIH COAL(B,10,22),ASHF(8,10,22) ,MFS(20,72 ,EQUIP(20,%)
FOR K = 1 TO 223 FOR J = 1 TO 8: FOR 1 = 1 TO 5
COALCI,J,K> = O: ASHF(I,J,K> = O: NEXT I: NEXT J: NEXT K

READ NSIZE,NDEN,K,FLOWS,CHPS: LPRINT “SIZES" NSIZE “, DENSITIES ™ NDEN;
LPRINT * FEED FLOW STREAM NO.' K: LPRINT * " OFLOWS, CHPS

FOR I = 1 TO NSIZE: READ SIZE(I): LPRINT SIZE(I):: NEXT I: LPRINT

FOR J = 1 TO NDEN: READ 'DEN(J): LPRINT DENC(J);: NEXT J: LEBRINT

FOR I 1 TO NSIZE

FOR J = 1 TO NDEN: READ COALC(I,J,K): LPRINT COALCI,J,K):;: NEXT J: LPRINT
FOR J = 1 TO NDEN: KEAD SH(I,J): LPRINT SH(I,J):

ASHF(I,J,K> = COALCI,J,K)sSH(1,J>: MEXT J: LPRINT: NEXT I

READ NP: LPRINT NP * FLOW SHEET MATRIX & EQUIPHMENT DATA": FOR M = 1 10 HP
FOR N = 1 TO 7: READ MFS(HM,N>: LPRINT MFS(M,N)>;: NEXT N

FOR N 1 TO S: READ EQUIP(M,N)>: LPRINT EQUIP(M,N>:: NEXT N

LPRINT: NEXT M: LPRINT: LPRINT: LPRINT “FEEDING OF DATA COHMPLETED"
LPRINT “RESULTS OF SIHMULATION FOLLOW'": LPRINT: LPRINT: LPRINT

ITRN = QO: ODER = 1

ICON = 1: FOR NODE = ODER TO NP: KI = MFS(NODE,2)

K1 = MFS(NODE,5)>: K2 = MFS(NODE,6): K3 = MFS(NODE,7)

R1 = EQUIP(NODE,1): K2 = EQUIP(NODE,2): R3 = EQUIP(NODE,3)

.IF MFS(NODE,1) = O THEN 250

IF HFS(NODE,3) > O THEN GOSUB 8020

ON HFS(NODE,1) GOSUB 1000, 2000, 3000,4000,5000,6000,7000,8000,9000, 10000
IF ICON <> 1 THEN 190

GOTO 300.:

FOR N = 2 TO 7: KT = MFS(NODE,N>: IF KT < 1 OR KT »30 THEN 300

Y = 0: AF = 0: FOR I = 1 TD NSIZE: FOR J = 1 TO NDEN .

Y = Y+COAL(I,J,KT>: AF = AF+ASHF(I,J,KT)>: NEXT J: NEXT I

AP = 0: IF Y > O THEN AP = AF/Y

LPRINT “STREAM NO.“KT,FLOWS:* * Y * “CHPS; AP

LPRINT: NEXT N

NEXT NODE

PRINT ™ SIMULATION COMPLETED™

STOP

P



.1000 ‘wme= SUBROUTINE CRUSHER FOR SIMULATION OF KOLLS AND IMPACTORS

- 1005 PRINT * AT CRUSHER"
1030 EX = .91: IF Rl < 37.5 THEN EX = .85
1040 FOR J = 1 TO NDEN: JJ = J-1: DM = (DEN(J)+1.2)/2
4050 IF J > 1 THEN DM = (DEN(J)+DENCJJ3)/2
1060 A = 1.78/DH+0.05: IF Rl < 37.5 THEN A = .82/(DM-1.1)+.4
1070 FOR I = 1 TO NSIZE: B(I) = 1-EXP(-A«(SIZE(I>/R1)"EX)

1075 IF 1 = 1 THEN B(1) = 1
1080 NEXT I

1090 FOR I = 1 TO NSIZE: COAL(1,J,K1) = O: ASHF(I,J,K1) = ©
1100 FOR L. = 1 TO NSIZE: C(I,L) = 0: IF 1 = L THEN C(I,L)
1110 II = I+1: IF SIZE(L) <= R1 THEN 1130

1120 C(I,L> = B(I>: IF 1 < NSIZE THEN C(1,L) = BC(1)-B(ID)
1130 COAL(I,J,K1) = COALCI,J,K1)+C(I,L)«CUAL(L,J,KI)

1140 ASHF(I,J,K1) = ASHF(I1,J,K1)+C(I,L)~ASHF(L,J,KI)

1150 NEXT L: NEXT I: NEXT J

1160 RETURN

1990 -

2000 ‘=«s SUBROUTINE SCREEN FOR SINULATION OF THE SCREENING OUPERATION

2005 PRINT * AT SCREEN *

2010 T = EQUIP(NODE,d4)>: G = .387+.045=L0OG(R1)

2020 FOR I = 1 TO NSIZE: IT = 1+1: D = SIZECI)/Z

2030 IF 1 ¢ NSIZE THEN D = (SIZE(I)*SIZE(II))"~.S

2040 R = 1: IF D ¢ R1 THEN R = EXP(-G=Ta((R1-D)/(R1+R2)) " R3)

2050 FOR J = 1 TO NDEN: CDAL(I,J,K1) = COAL(I,J,KI)=R :

2060 ASHF(I,J,K1) = ASHF(I,J,KI)=R: COAL(I,J,KZ) = COAL(I,J,KI)-COALCI,J, K1)
2070 ASHF(I,J,K2) = ASHF(I,J,KI)>-ASHF(I,J,K1): NEXT J

2080 NEXT 1: RETURN

n
—

2090

3000 ‘“==» SUBROUTINE HMS FOR SIMULATION OF DENSE MEDIA BATHS & DRUNS
3005 PRINT * AT B.M.S5.*

3010 KHO = K1: SK = .08: VI = .03: IF K3 = O THEN K3 = K2

3020 KF = K3: K3 = K1: GOSUB 7020
3030 RHO = R2: KI = Kl: KF = K2: KS = Kl1: IF K2 <> K3 THEN GOsUB 7020
3040 RETURN ’

3990 *
4000 ‘w«s«» SUBROUTINE JIG WASHER FOR SIMULATION OF THE PNEUMATIC JIGS

400S PRINT * AT JIG"

4010 RHO = R1: SK = .0278: VI = ,1: KS = K1: KF = K2: GOSUB 7020

4020 RHO = R2: KI = K2: KS = K2: KF = K3: IF KF > O THEN GOSUB 7020

4030 RETURN

4990

5000 “w=w»w SUBROUTINE FOR SIMULATION OF H.M.CYCLONES & WATER ONLY CYCLONES
5005 PRINT * AT CYCLONE"

5010 RHO = R1: SK = .012: VI = .04: IF RHO <1.05 THEN VI = .35

5020 KS = K1: KF = K2: GOSUB 7020 L
5030 RETURN
5990

6990




so00 e SUBROUTINE FOR TROMP CURVE
£ 010 RHO = R1: SK = R2: VI = R3:,:Kf:\ = Kl: KF = K2
I 20 FOR I = 1 TO NSIZE: SM = SIZE(1)/z: II1 = I+1
b 070 IF SIZE(II) > O THEN SM = 2#SIZECI)»SIZECID) /(SIZECII+SIZECITY)
| ;040 IF SM > 0 THEN SS = RHO+10%SK/SH ELSE PRINT " SH = O; STOP"
7095 EP = VI=(55-1)
050 FOR J = 1 TC NDEN: JJ = J=1: RJ = (DENCJ)+1.2)/2
¥ 060 IF J > 1 THE. RJ = (DEN(J)+DEN(JJ))/2
7070 IF EP > O THEN X = (RJ-SS)/EP ELSE PRINT “EP =< O; STOP"
7075 PV = 1: 1F X > 2.9 THEN PV = 0

f 7060 IF X < 2.59 AND X > -2.59 THEN PV = .01xX"3-,26%Xt.5

I 7090 COAL(I,J,Kl) = COALCI,J, KI)»PV: COAL(I,J,KS) = COAL(I,J,KI)-COALCI,J,K¥:
E 7300 ASHF(I,J,KF) = ASHF(I,J,KI)=PV: ASHF(I,J,KS) = ASHF(I,J,KI)-ASHF(1,J,Ki
i 7110 NEXT J: NEXT 1: RETURN

Lo79u 7 -

. po00 ‘wee SUBROUTINE FOR BLENDING MORE THAN ONE FLOW STREAMS

E  p00S FRINT ™ AT HIXING™
§ 4010 RETURN

. w020 IF MFS(NODE,1) < 1 THEN KETUKN

. ao30 IF MFS(NODE,1)> » 8 THEN KETURN

. 040 HKI = 4: IF HFS(NODE,1)> = 8 THEN NK1 = 6
5045 KI = MFS(NODE,7): IF MFS(NODE,1)> < 8 THEN KI = 21
B0S0 FOR I = 1 TO NSIZE: FOR J = 1 TO NDEN
8060 COAL(I,J,KI) = 0: ASHFCI,J,KI) = O
8070 FOR N = 2 TO NKI: K = MFS(NODE,N>: IF K < 1 THEN 8100
8080 COAL(I,J,KI) = COAL(I,J,KI)+COALCIL,J,K>
8090 ASHF(I,J,KI) = ASHUF(I,J,KI)+ASHF(I,.J, K>
65100 NEXT N
0110 NEXT J: NEXT I
#120 RETURN
8990
5000 ’ww»x SUBROUTINE RECYCLE : CALCULATIONS BY DIRECT SUBSTITUTION
9005 PRINT * AT RECYCLE"
9010 IF HFS(NODE,7) = O THEN HFS(NODE,7) = 90
9020 IF ITRN >= MFS(NODE,7) THEN. 9120
9030 FOR J = 1 TO NDEN: FOR I = 1 TO NSIZE

, 9040 H1 = ABS(COAL(I,J,KI)-COAL(I,J,K1)): M2 = ABS(ASHF(I,J,KI)~ASHF(I,J,K1):
9050 IF Hl1l <= EQUIP(NODE,1) AND M2 <= EQUIP(NODE,2) THEN 9070
9060 COAL(I,J,K1) = COALCI,J,KI>: ASHF(1,J,K1) = ASHF(I,J,KI)
Y9065 ICON = 0
9070 NEXT I: NEXT J
9080 ITRN = ITRN+1
9090 IF ICON = 1 THEN ITKN = O:
9100 IF ICON = O THEN ODER MFS(NODE, 4)
9110 RETURN
9120 LPRINT "NO CONVERGENCE IN" ITRN “ITEKATIONS": ITRN = O: ICON = |
9125 LPRINT :
9130 RETURN
" 9950 -
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10000 *SUBROUTINE | : PRINTING DETAILED COMPOSITION OF A FLOW STREAM
10005 N = 2 '

10010 K = MFS(NODE,N>: IF K < 1 THEN 10240

10020 LPRINT: LPRINT: LPRINT

10025 LPRINT “SIZE DENSITY DISTRIBUTIUN MATRIX OF STREAM™ K

10030 FOR I = 1 TO NSIZE: FOR J = 1 TO NDEN

10040 IF COAL(I,J,K)> ° ~ THEN SH(I,J) = ASHF(I,J,K)>/COAL(I1,J,K)
10050 NEXT J: NEXT I

10060 FOR 1 = 1 TO NSIZE: DSF(I) = O: CHW(I) = O

10070 FOR J = 1 TO NDEN: DSF(I) = DSF(I)+ASHF(I,J,K)

10080 CHW(I) = CHW(I)+COAL(I,J,K>: NEXT J

§ 10090 IF CMW(I> > O THEN CSW(I) = DSF(I)/CMW(I)
§ 10100 NEXT I

10110 FOR J = 1 TO NDEN: GSF(J) = 0O: GHMW(JI) = ©

10120 FOR I = 1 TO NSIZE: GSF(J) = GSF(J)+ASHF(I,J,K)

10130 GHMW(J)> = GMW(J)+COAL(I,J,K>: NEXT I

10140 IF GMW(J) > O THEN GSW(J) = GSF(J)/GHW(J)

10150 NEXT J: LPRINT

10160 LPRINT “DENSITY *“;: FOR I = 1 TO NSIZE

10170 LPRINT USING “###.##"; SIZECI);: LPRINT “mm “;: NEXT 1

10180 LPRINT “TOTAL": FOR J = 1 TO NDEN

10190 LPRINT USING “###.##"; DEN(J);: LPRINT " “;: FOR 1 = 1 TO NSIZE
10200 LPRINT USING “#k#.##"; COAL(I,J.K>;: LPRINT * “3;: NEXT I

T R DN

R

10210 LPRINT USING “###.##8"; GMW(JI): HNEXT J
10220 LPRINT * TOTAL ™; : FOR 1 = 1 TO NSIZE
10230 LFRINT USING "###.##"; CHMW(I);: LPRINT *3: NEXT I
10240 N = N+1: IF N < 8 THEN 10010

10250 RETURN




11000
11010
11020
11030
11040
11050
11060
11070
11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11200
11210
11220
11230
11240
11250
11260
11270
11280
11290
11300
11310
11320
11330
11340
11350

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

A

8,10,1,FLOW RATE AS % OF
200,100,50,25,12.5,6,1, .5
1.3,1.4,71.45,1.5,1.55,1.6,1.65,1
ol 5T By P T W e B B Mo T T s
6.5,14.3,16.2,23.1,28.8,34.0,37
1.6,3.4,2.1,1.7,1.3,1.5,2.1,2.5,
5.7,13.4,1 7.9,h2.4,27 6,351,396,
0.9,2.1,1.4,1.6,1.7,1.5,1.3,0.5,
4.9,18.2,176,22.0,27.1,32.6,36.
0.5,1.2,0.6,0.9,0.7,0.7,0.3,0.6,
4.6,12.8,16.9,21.2,26.8,31.7,36.
10250 8:0,951 1 0.7, 0.3, B. 50,4,
HeBi13.1719:4,20:7; 268, 52:1,87.
1.3,1.6,0.7,1.4,0.6,0.4,0.%,1.1,
4 1,18.0,17 2,219 258,31 :7,56 .
0.7,0.9,0.7,0.6,0.4,0.5,0.3,0.6,
246,11, 7,181 ,22.8,27.1,591.6,85.
1.6,1.7,0.8,0.6,1.3,0.8,1.2,1.0,
270057517 .9,21.3,27.5,31.3.34
15

2,1,0,0,2,3,0,50,25,2,30,0
1,2,0,0,4,0,0,50,0,0,0,0
4,3,4,8,5,6,7,1.75,1.65,0,0,0
9,6,0,3,8,0,5,.1,.1,0,0,0
0,1,2,3,4,5,6,0,0,0,0,0
2,7,0,0,9,10,0,12.5,6,2,30,0
2,10,0,0,11,12,0,1,2,1,45,0
0,7.8,9,10,11,12,0,0,0,0,0
3,9,0,0,13,14,0,1.52,0,0,0,0
5,11,0,0,15, 16,0, 1255 0,0, 0,0
5,12,0,0,17,18,0,1,0,0,0,0
0,13,14,15,16,17,186,0,0,0,0,0
8,14,16,18,0,0,19,0,0,0,0,0
8,13,15,17,0,0,20,0,0,0,0,0
0,19,20,0,0,0,0,0,0,0,0,0

~d
[

2,

3

L

m O ﬂ O & O M(}hJO ®¥=U1O

FEED,WITH ASH %

@
8]
N

Fl @

1.8

’

.9,41.6,48.2,63.7

9,1.9
39.8,47.1,63.9
.2,1.8
40.7,46.8,62.0
cA,1.2
,39.4,46.1,61.6
B
38.6,47.2,61.2,
9,2.5,
,37.4,46.8,62.5
.8,0.5
,41.6,45.8,61.8
.8,0
,40.1,46.3,59.4
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Data requived for btoe different unit operatyoos
Tor coal washery simuiation by program CUSLEEN

(The program 1gnores tne parameters other tnan
those given below. Howevaer to conform to the
format of the flow sheet matrix for plant data
some value, may be a zero, has to oe given:for
eacht of the 12 elements of the row of the matrix)

Note - when a unit operation has less tban the
maximum permissible nuwber of input streams
the other 1nput streams are nuwbered as zero.
Hizes in mn, densities 1n gm/cco.

Urint operation Column no. Value to be assigned
Crusher 1 1
el Input stream Nuamos e,
< Out put stresm munoee
<] Set of the crusoer 10w
Serean i 2
25 Syl Input, scream rumoer
= Oversize outpul streoam munber
& Undersize output St rdocn nmber’
& Screen aperture in omm
& Wire diameter L wn
1o 1 for rectangual opening
Z for square opuenilng
11 Resildence time in seconus
Dense media 1 >
bath or drum A Input stream nambere
ol = Output stream numbers Lo
decreasing oraer of oensity
& Media density, fairst compte.
9 Media aensity, secornd comptt.
Lt
Jig washers 1 4
e , 4 Input stream numnbers in
8,6,7 Dutput =tream Numoers 1o
UeCresdsamng orde s ol dens oy
&, 9 Densities of cut 1nm Che

and second compartment s

coawd e o =



3 - A IT : 2 -

. ¥
£ Phozenee: meech L &
g CyCLornes Lygiy 4 Lrput flow siream numoers
. and a5 Uutput strecam roambers 1n
water only decreasing Groer
§ cyclones 8 Media density am/oco. '
i
: Fleanding 1 &
3 SEA I e o Irnput stream nunbers
% 7 Output stiream numier
i
'§ Recycle 1 =
t = Irnput stream ruamoers
4 Row rumoe e Lo which cecycle
! takes place
k] Output st ream numbar
i Max imum number of iteracions
'5 to o tried.
1 B, % Tolerances For CuUft & AHHF
1 values

Ta print results 3

S o
7 Stream riwmders for weioo thie

results are to he orvinted.

To print the 1 10
G12@ density E,5,4,5,6,7 Stream nuamoers For woieh
to be printed.

distribution
mat ~a o

cowmpositions are
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SIZE

o

s & ,

FLOW RATE A5 X

100
1.4

5> 2.8

14.3
3.4

AFPPrnwia 14i

—— e S o . T S S

DENSITIES 10
OF FEED

FEED FLOW STREAM NO. 1
WITH ASH x

S0

1.45
22

18.2

220 1

25 1
156

.9

Q=0 =N
N wwoe

13.4
2.1
13.2
1.2
12.8
-8
13.1
1.6 .7
14 17.2
Tens T A
11.7 1A8.1
1.7 .8 .6
10.7 "17.9

17.9
1.4
17.6

-9

o e
Ne Qe
0

.6

.9 1.1

15.4

B D e
= WoOND

Ny s o =]
N,

OCNOROO

CWWwwOoOo

b oG aN
—NOoOOOo W

11
10
13

15

17

15

16 18 0
15 17 ©
20 O O

ONPEPNPFRPQOWONPRE
o @
o w

=
H

o O
o o
14

CEPEEPOQUUNWONNOUBFENENFEN-
e o
Wb wWN

[y
(8]

FEEDING
RESULTS

OF
OF

1.6

s

16.9 21.2
-7

20

1.4
21:.9

.4
22
1
21

PUNOO

12
11

14

16
18

16

.3
26.
«4
25.8
e
.8, 27.
-3 .8
<3 27.

<7
-6

.

FLOW SHEET MATRIX & EQUIPMENT

50 2
S50 O
1.75
-1 .
o 0

o 1
12 0©
QO 1.5

o 1.

DATA COMPLETED
SIMULATION FOLLOW

. 36.5 3T9.8

F B 1.2 1.8
36.8 40.7 46.8

g 12

7 36.2
.8 1.2

. 39.4 46.1
.6 .4
8 32.1 37.2
s Tl D
31.7 36.4
.6 .8 -
1 Sls6 35,7
2 .8 O
S5 31.3 34.9
DATA
S 2 30 O
0O o O
1.5 0 0 O
1 O 0O ©O

38.6
PSS
37.4

47 .2
46.8
41.6 45.8

40.1 46.3

62

62.

64.6

61.

o

bl .

o i

7
“

-4



NO CONVERGENCE IN S ITERATIONS

STREAM

STREAH

STREAH

STREAM

STREAM

STREAM

STREAM

STREAH

STREAM

STREAM

STREAHM

STREAHM

STREAM

STREAM

STREAHM

STREAM

STREAH

STREAH

STREAM

STREAH

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

HO.

NO.

NO.

NO.

NO.

NO.

RO.

NO.

NO.

NO.

NO.

HO.

10

11

1 87

13

14

15

16

17

18

19

20

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

RATE

RATE

RATE

RATE

RATE

RATE

RATE

KRATE

RATE

KRATE

RATE

RATE

KRATE

RATE

RATE

RATE

RATE

RATE

KRATE

RATE

i1

nS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

AS

OF

or

0

(513

or

OF

or

OF

OF

OF

OF

OF

OF

OF

OF

oF

OF

OF

FEED

FEED

FEXD

FEED

FEED

FEED

FEED

FEED

FEED

FEED

FEED

51.9258

18.0895

14.5547

81.8025

14.4466

46.2803

35.5221

19.7499

15.7722

12.7262

33.5541

6.16548

13.5844

10.5613

5.21097

32.3495

29.4529

WITH ASH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

WITH

A 29.0977

ASH

ASH

hSH

ASH

ASH

ASH

ASH

ASH

ASH

o

%

N

&

a8

29,3403
B.8357
29,3403
55.1214
43. 1985

23.3261

d.3, 2087

36.64862

17 .4857

39.0588

16. 2551

29.0612

16.5931

12,0775
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REze=

AR AR

P

SIZES 8

FL.OW

100

B W) b e
2RO
—

w
—

~ -

A= S
1 e Y57
1.7
10.7

FLOW

O
()

N O

DL N

QORNKNEFEF NNFEFRNUONKN:
O N

2
8

FEEDING
RESULTS

STREAH
STREAHK
STREAHM
STREAM
STREAM
STREAM
STREAH
STREANM
STREAMN
STREAH

STREAM

STREAHM

0
0
0
0
3
9

OF
OF

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

nrs HDLX IV
DENSITIES 10 FEED FLOW STREaAM NO. 1
RATE A5 % OF FEED WITH ASH %
BO oM LaLm B 1 W5
1.4% 2.5 1.55 1:6 2.65 A.7 1.8 ZiZ
8 2.2 2.7 1.2 2.1 19 3.2 1.8
18.2 23.1 28.8 34 37.9 41.6 48.2 63.7
s | 1.7 1.3 1.5 2.1 D «3 1.9
17.9 22.4 27.6 533.1 36.5 39.8 47.1 63.9
1.4 1.6 1.7 1.8 1.3 A 1.8
7.6 22 27.1 32.6 36.8 40.7 46.8 62
.6 and o 4 i ' 3 .6 v ke 2
16.9 21.2 26.8 31.7 36.2 39.4 46.1 64.6
s B T | nrd .3 .6 R | =8 1.2
15.4 20.7 26.8 D2 A 37.2 38.6 47 .2 61.2
it 1.4 +6 -4 O A ¢ | q 25
17.2 21.9 29.8 1.7 36.4 37.4 46.8 62.5.
7 .6 .4 e e | « B 8 o]
18.1 22.8 2751 31.6 35,7 41.6 45.8 61:8
.8 «B 1.3 8 1.2 1 .8 0
17.9 21.3 274D 31.3 34.9 40.1 46.3 59.4
SHEET MATRIX & EQUIPMENT DATA
0O 2 3 0 S0 25 2 3I0 O
o] <4 (6] 0 S50 0 Q O 8]
0 S s o] S0 25 2 20 0
o] 7 8 Q 12.95 23 z ) O
0O 9 0 © 12.5 © v = ©
(8] 10 11 Q 12.9 (51 30 0
g 12 13 ® 1 2 1 75 0
q S5 6 Z o] (o] o] o L&)
10 & 1 5 12 13 Q 8] (¢ (8] O
DATA COMPLETED
SIMULATION FOLLOW
2 FLOW RATE AS x OF FEED 51.9258 WITH
3 FLOW RATE AS % OF FEED 48.0742 WITH
q FLOW RATE AS % OF FEED 51.9258 WITH
S FLOW RATE AS % OF FEED 23.2763 WITH
6 FLOW RATE AS x OF [EED 28.649% W1TH
7 FLOW RATE AS x OF FEED 19.1241 WITH
8 FLOW RATE AS X OF FEED 9.52535 WITH
9 FLOW RATE AS % OF FEED 19.1241 WITH
10 FLOW RATE AS x OF FFED 4.69653 WITH
11 FLOW RATE AS % OF FIED  14.4276 WITH
12 FLOW RATE AS X OF FEED 10.2184 WITH
13 FLOW RATE AS x OF FEED 4.20821 WITH

ASH

ASH

ASH

ASH

ASH

ASH

ASH

ASH

ASH

o

§

29,3103

B80d

2516

L6385

27.4548

28.6485

L0346

A8S2

L2189

L6818



e B ey

SIZES &8 , DENSITIES 10 FEED 1.0 STREAHM -NO. 1
FLOW RATE AS X OF FLEED Wittt ASH %
200 100 50 2% 12.9 & 1 i)
1.3 1.4 1.45 b 1.9%5 1.6 ] 1.7 1.8 Ze
2.3 i 2.8 22 Eon 1.3 2l ) )2 T.8
.5 14.3 18.2 23:1 28.8 1-4 9 41.6 40.27 63.7
1.6 3.4 2.1 1.7 1.3 ] 1 2D 9 1.9
7 13.4 17.9 22.4 276 33.1 36.9 39.8 - b g | 63.9
= e | 1.4 1.¢ 1.7 1.5 1.3 v 2.2 1.8
1.9 ) B P 17.6 22 274 1 32.6 .8 40,7 46.8 62
5 17 6 =9 T iF .8 .6 .3 1.2 !
4.6 12.8 16.9 21 .2 26.8 31.7 6.2 39.4 46.1 6d.6
Y.2 .8 S5 | Tl 0 =22 | .6 .+ .8
3.6 1.l 15.4 2007 268 32.1 37.2 38.6 47.2 61.2
1.3 l.& 7 1.4 -G .4 s 3 [0S, "3 Poai
4.1 14 17:2 21.9 Z5.8 817 had 37.4 16.8 625
.7 b - .6 .4 ko s .6 ' X
2.6 11.7 1.1 228 A7.1 LSS i S 41.6 14%5.8 6.0
1.6 1.7 .8 i S WO TR | A J 0
27 Tosy 1Z:9 213 27.% Nyl 3.9 d40.1 46.3 D9 .44
8 FLOW SHEET HATRIX & EQULIENENT DATA
2 1 0o 0 2 3 O 50 25 2 3¢ O
i1 2 0O O 4 0O O S0 0O O O O
2 3 4 (o] =2 € 0 12.5 6 2 30 0
1 5 0 O i o 0 12:5 © 0 ©» O
2 i o} (o] a8 9 O 125 [ 2 L) 0
2 13 9 0 10 11 0 1 2 1 7 i &}
(0} 8 | z 3 4 o & Q (6] L] O £
o 7 8 9 10 11 Qo O 0 o 0
JFCDING OF DATA CUOMPLETED
PESULTS OF SIHULATION FOLLOW
STREAH NO. 1 FLOW RATE AS x OF FEED 100 WITH ASH % 29.0977
STREAM NO. 2 FIL.LOW KATE AS x OF 1 EED 51 . 9258 WITH ASH =% 20.39073
STREAM NO. 3 FLOW RATE AS % OF FEED 48.0742 WITH ASH % 28.83%7
STREAH NO. 4 FLOW RATE AS % OF FEED 51.9258 WITH ASH =% 29.3.1035
STREAHM NO. 5 FLOW KATE AS % OF FEED 60.0429 WITH ASR x Za.8217
STREAH NO. 6 FLOW RATE AS % OF FEED 39,9572 WX H ASI 2 25,0009
STREAM NO. 7 FLOW RATE AS x OF FEED 60.0429 WIVH ASH 29 8217
STREAM NO. 8 FLOW RATE AS % OF FUED  14.917% WITH AZH % 3%.771
STREAM NO. 3 FLOW RATE AS x 0OF ! 1D 45,5254 WITH ASH x 27.924%
STREAM NO. 10 FLOW RATE AS % OF FEED 55.2629 WITH ASH % 29.5713
STREAM NO. 11 FLOW RATE AS x OF FEED 30.2196 WITH ASH x 25.02553
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