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FU:CL RES:81\.RCH INSTITUTE OF SCUTH AFRIC,:.. 

REI'OI{T NO . 5 OF 1972 

REPORT ON TIC PERFORlfl7·,NcE OF THB 

4 11 COHPomrn ·-L~TER CYCLONE 

1. INTROJ)UCTION 

The investigation was undertaken as a preliminary study 
of the 4 11 Compound Water Cyclone, vri th rl, c;ard to its sej_Jar2.tion 
efficiency, range of yields obtainable and throughput cai'laci ty , 

The main purpose behind this work was to gain some 
experience with the operation of this type of cyclone and t o ge t 
an idea of its performance b~.foru starting investigations wi th an 

8 11 Compound Wat8r Cyclone. 

The cyclonu usod in those tests is tho property of Nor-
tons-Tividalo South ,,frica (Pty)Ltd ., Johannesburg . It vms 

borrowed by th~ Fuel Re search Insti tutc and mounted on the existing 
t 0st rig, consisting of a reservoir tank, fo0ding pump, recirculating 
pump and sat~pling ·apparatus . .;. representation of the apparatun 
and t est rig is gi vcn in Diagrr.'-ms l and 2 . 

As the cyclone was supplied without the set of intcr­
changoa•'Jle parts, the number of operati ng variables was considerably 

reduced . Because of this foct, together with that of having only 
one tyre of coal available , thL study cannot be rugarded as a 
very c::t.:msivc investigation . It dcs cr i bus some of thi.? rcsul ts 

of ini-~ial t~sts and gives the basic information on porforcancG of 
thi s, Ln South ~frica still now , type of coal eoparator . 

/ 2. 



2 

2. THE TE3THTG PROCEDURE 

2.1 Description of method 

Tho method employed was tho batch operation in closod 
circuit. Tho known volume of wa t(:;r was placed into the reservoir 

tank and tho rucirculating pump was started to provido turbuloncc 
in the tank and thus a ruduction in th~ settlement of coal. The 

corresponding amount of coal wns thGn added and the: feeding 1mmp 

was started so that th0 inl0t pressure was slowly increased up to 

the dcsir0d valuu. • Both product and discard vrnrc rcturn0d to the;; 

reservoir tank for som0 15-20 :n.inutcs, which is about t h'"' time 

required for reaching the stuady stat~ in the cyclone. 

During thi.: oporation a hindered sottling b0d is forriwd in 

the: cyclone, amounting to about 50 gramms and consisting of thv 

hoaviar fractions of the fued. This leads to a change of the f00d 

com1")osi tion. In order to avoid t his change, or rather to rcduco 

it 2s far o..s possi blo, it is ncc,;ssary to sta~t with a sufficiontly 

largo batch. In these tusts it was 600 kg of thu pulp, containing 

30 kg of th<J coal, so that the amount of coal in th,:, cyclon6 w;:,,s 

practicnlly ncgligiblo. 

2.2 SG.mDling 

~ftur r0aching th0 st0ady state inside thu cyclone, th'­

ovcrflow and und~rflow were s~mpl cd simultanuously by means of the 

sampling. apparatus ( two so.mplj_ng box,_,s fixl...'d on n trolley) . 

Th..: duration of so.mi)ling wc'-s mt.::asur0d and used for tho 

c::-tlculation of th'- flovr rat..:.:. Tho sampl0s wcrl. wcighud c.,s pulp 

in ord~r to calculat8 tho solids concentration and thG flow ratio. 

They were th;.:.•n dro.incd, dric.:d, v-rcigh0d as dry products and analySt:d 
o.s desired. 

/2,3 



2.3 Coal 

The origin of thp coal .used in these tests was the Landau 
No. 2 seam. The washability characteristics and screen analysis 
of this coal are shown in Tables 1 and 2 and Figure 1. 

3. F~CTORilL TEST 

The operating vo.riabL.::s of tlk Compound water Cyclone o.re 
as follows: 

a. The tricone type (lo.rge, medium and small) 

b. The vortex finder diameter. 

c. The vortex finder clearance (VFC)*. 
d. The apt.;x diamct1Jr. 

e. The inlet pressure. 

f~ Tha purc0nt2gv of solids in thu f00d. 

Th<c: s0ttinc;s of thGs;..; v2-riabl\.::s should match tho nature 

of th0 raw coal as thoy d~,pcnd on th.:.: wn:shci,.bili ty charnctvristics 

and particle siz0 consists of th0 coal and on the dosir0d yield 
and cut p6int, rospcctivuly. 

Usually th~so settings urv found from a statistical tes t , 
call~d the 11Factori2.l T(.:.- st 11 • Briefly this test doo..ls i.vi th th-..: 

cffucts of changt.;s in two, three or four operating variables on 

the performnnco of the byclonc. Each of tha variables requires 

at l e Cl.st two, but p1:·c:f vrably thn,,.; settings, a high, m,;di um cm d 

a l ow one. 

---------------------
-i<- The vortex find(.;'r clearanco is th0 vurtical distance botw;_;:cn 

the lower edge of the vortex finder and the intersect of tho 
uppor and middlu sec ti om of thu compound tricono. Sue Diagram 2. 
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AS stated abovo, the uppar~tus was available without 

accessori0s, i.e. with only ono size of tho vortex finder and ono 

size of tho apex. The typo of t~icono wns a largo one. From tho 

ramaining thruu opurating variables, i.c vort~x finder clearance, 

inlGt pressur~ and pLrc~ntngc of solids in thL f c ~d, the first two 

were choaon for this t~st, 0uch of thorn at thrco differunt levels. 

The reason for tl1is was that tho cffact of solids porcontagc is loss 

than tho cffucts of othor variables~ ~ strong det eriorating 

off(ct will only occur wh,m increasing the fc-~d solids to about 

8 p0rccnt . 

The settings of thu selected operating variablJs were 

as follows: 

low m~·di um high 

Vortex finder clc~rancc (in) 1¼ 2 2¾ 

Inlet pressure (lb/in2 ) 5 8 10 

Vortex findur diamcte:r (in) 2 

;,pc:x diamct<..:r ( in) 1 

% solids in tho feed 5 

Conpound con0 typo Largo 

Each indi vidunl test 2.. t c ,.:rtain cyclonu setting was done 

in duplicat~, using th0 same b~tch. For Gach of these doublG t~sts 

a nuw batch was used bacausc of thL possibility of size degradation 

of coal in the cyclone and puops. The dry clu2n coal was 

scrucncd on 75 microns (200 m~sh) screen and both size fractions 

woro analysed for ash contant. 

The results of thu Factorio..l T\;st ar(;. shown in Tabla 

3 and FigurGs 2 - 4. 

/ 4. . .. 
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4. TEST usnm THE OI'TIMUM SE'.l.1TIHGS FOUND 

From the results of the Factorial Test it was decided to 

do a few tests with the optimum settings of operating variables. 

According to the Factorial Tost the best conditions, for a given 

coal, seem to b0 operating th~ cyclone at lower feed pressure and 

larger vortex finder clearance. These settings cover the range 

of yields· varying from 50 to 70 percent ::md rcsul t in an ash 

improvement of 4 to 5 percent. 

The clean coal contains about 40 to 50 percent of the 

minus 75 micron ( 200 r:i.,.;sh) fro.ction with practically the s::un0 ash 

content as thG feed. ~~s this fr ::-\ction consti tut0s only 32, 9 per-

cent of th0 fe0d, and the size dagradQtion of fin~ conl in the 

cyclone is very low, it is clear that most of t h ~ minus 75 micron 

matorial go.:.s to th1.: clean coo.l, following the water split in the 

cyclone. 

~s a result of tho very poor sapriration of the finest par­

ticles thtJ following tusts wore don0 with tho coal from which t h e 

minus 75 micron fraction had b<.;<:m rumov0d by rnuans of w0t scrc,:ming. 

Its size consist is shown in To.blo 4 whil~ tho r,:;:sults of th;:;se 

tests nppear in TG.blc 5. 

Promising rosults in ash improvcm~nt w~rc obta inwd i n 

thcsu tests, but th0 cffici~ncy of separa tion could not yet be 

evaluu.t,.:d. It is b"'lL,vcd thCLt t h e:s1.. r0sul ts can still b e i mproved , 

ospe:cinlly whun cleaning plus 1 50 r:1icron (100 m0sh) co;:i,l only . 

This can be illustratud by rusul ts of t1..sts found in tho litera t ure * ; 

These results concerh tho two-stag~ operation . 

---------------------
* J. Vismnn - 1tTwo-stng0 Bcn0ficntion of Washory Effluents wi t h 

Compound Wnter Cycl on0s," Trans. Fifth Inturnational Coal 
Prupnrntion Congress, 1966, pp. 57/72. 
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Size fraction Cut point Probable Error area 
(microns) error (cm2) 

1190 X 74 1, 49 0,07 68 
1190 X 590 1,49 0,04 22 

590 X 297 1,43 0 ,04 29 
297 X 149 1,52 0,07 58 
149 X 74 1,92 0,30 153 

5. CONCLUSION 

When taking into account th(: fact that thL:: coal usGd in 

thu Factorial Test contained almost 33 p<.:rccnt of minus 75 1:1icron 

( 200 mesh) fraction, and oven SOITH .. 50 purcent of this coal \'!aS 

smaller thnn 150 micron (100 mi.rnh), tho rusul ts obtained with the 

Compound Water Cyclon~ can bo consid~red as satisfactory. As for 

given coal th~ range of yi~lds of clean coal obtainable lius be­

tween 45 and 80 percent and th~ ash improvement is .betw~un 3,2 

and 5,4 percentag~ units. The rusults of th~ tests with plus 75 
micron (200 mash) coal show an ash improvGmunt of 7,0 to 8,7 percen-
tage units. For comparison, thv conventional ·water cyclone gives 

an ash red~ction of only some 2 to 3 p0rcantagc units. 

Unfortunat,:,ly the. float and sink data on washcry products 

are not yet available b~causc of some analytical difficulti0s 

with thE.; separation of such fin~:. coals. Tht; quality of s0paration, 

expressed as probabl~ error, and tha range of thu cut points are 

still open questions which ,,1ill rcquirs:.; further inv,:st1gation. 

PRETORIA. 
14th February, 1972. 
/MS 

(SIGHED) A. SALER. 
RESEARCH OF:b~ICER. 
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TABLE 1 

WASHABILITY DATA OF THE COAL FOR THE "FACTORIAL TEST" 

Fractional )Cum. Floats Cum Sinks Charac--S.G. [-

!% Yiold % Ash !% Yh;ldi % Ash % Yit:=ld l % Ash l tcristid 

F 1,3 3,91 2,6 3,91 2,60 69,09 !17,99 1,96 
1,3 1,4 5,03 3,8 8,94 3,27 91,06 !18,77 6,42 
1,4 - 1,5 24,06 6,9 33,00 5,92 67,00 \23,04 20,97 
1,5 1,6 19,45 12,l 52,45 8,21 /~ 7, 55 J27,51 42,73 
1,6 - 1,8 15,13 16,5 67,58 jl0,07 32,42 i 32, 65 60,01 
1,8 2,0 13,98 20 7.' 

L ! J 81, 56 il2,16 18,44 :40,50 74,57 
s 2,0 18,44 40,5 90,78 

Whole Coal: 100,00 100,00 il7,39 

TABLE 2 

SCREEN ANALYSIS OF THE COAL FOR THE "FACTORIAL TEST" 

Size Fraction Yi0ld i1.sh 

0 - 75 microns 32, g~.; 17,6% 
75 - 150 ii 17 i0% 17,3% 

150 - 251 " 17,9% 16,8% 
251 - 500 II 30, 6~G 16,6% 

Over 500 11 1,6% 17,7% 

/TABLE 3 ... 
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T,',BLE 4 

SCREEH .1'Jf;',LYSIS OF THE CO.LL FOR 

THE TESTS WITH OPTIBUH CYOLOl::rE SETTINGS 

Size Fraction Yield 

75 150 microns 25,3 % 
l 150 -· 251 ti 26,7 % 
i 251 500 II 45,6 % 

Ovt:r 500 fl 2,4 % 

TLBLE 5 

RESULTS OF THE T:;::;S11S WITH OPTIMUM CYCLONE SE·TTINGS 

Operating variables Ash Content 
Yield R* 

VFC(in) j IP(lb/in2) ! % Feed iClean Coal Refuse 
~ j 

2 i 5 
i 

i 48,17 17, 29 / 10,10 23 ,.97 7,2 
2 8 66,44 18, 04 l 10,96 32,06 fi-, 7 
2¾ 5 36,62 18, 55 i 9,86 23,64 7,3 
2¾ 8 54,55 17, 85 / 10,56 26,39 6,2 

* R signifiC::s "Yield ruduction _factor"; 
the following formula 

it is calculated from 

R = 100 - Y 
AF ... AC ·whore Y = clean coal yield 

Ac= clean coal ash 

In other words, this factor c.x11resses the percentage of dis­
card per one percent of ash im~rovemont. 

.I 



DlAGRAM I 

SCHEME OF THE CYCLONE AND TEST RIG, 

SAMPLING TROLLEY 
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DIAGRAM 2 

COMPOUND WATER CYCLONE 
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FIG- 3 

DEPENDENCE OF FLOW_ RATIO_ UPON_ THE_ CYCLONE 
SETTINGS 
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FIG. 4 

DEPENDENCE OF THROUGHPUT CAPACITY UPON 
CYCLONE SET TINGS 
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