13-Apr

Slurry Density 1000 Dynamic viscosity, n https://wiki.anton-paar.com/za-en/water/
Diameter (m) 0,070 (Pa.s) @ 23 deg
3L Water Test1 Out of water
Time 1000 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
160 151 165 170 179 188 144 144 147 154 160 163
158 158 158 172 174 200 147 147 149 154 158 165
158 160 165 172 183 188 149 147 151 154 160 160
158 158 163 170 181 186 144 147 147 154 156 165
160 158 163 167 181 183 142 144 149 154 160 165
154 156 160 170 181 186 144 144 149 149 158 163
165 156 163 170 181 188 142 144 144 163 158 167
156 158 163 172 179 190 140 144 144 156 158 167
156 158 160 170 179 188 142 144 144 154 154 165
Average 1583 157,0 162,2 1703 1798 1886 1438 1450 147,1 154,7 158,0 164,4
Consumed 14,6 12,0 15,1 15,7 218 24,1
3L Water Test 2 Out of water
Time 1000 1100 1200 1300 1400 1500 Time 1000 1100 1200 1300 1400 1500
147 151 156 167 172 186 137 137 144 147 154 158
144 149 154 165 172 183 133 133 137 144 149 156
147 149 158 163 172 181 131 135 140 144 151 156
144 147 156 160 172 183 131 137 142 142 151 154
144 149 156 163 174 183 131 140 140 142 149 156
144 149 156 165 170 186 131 133 140 142 151 156
142 151 156 163 177 183 131 133 140 144 154 156
144 147 156 165 174 183 131 135 137 147 151 158
142 149 158 163 172 183 131 135 140 147 151 160
Average 144,2 149,0 156,2 163,38 172,8 1834 1319 1353 140,0 144,3 151,2 156,7
Consumed 12,3 13,7 16,2 194 216 268 aBLES umbers used fotation cell
Hertz 1667 | 1833 20 2167 | 2333 25 Denver Srote Defton Ronge
RPM 1000 1100 1200 1300 1400 1500 19 Reynolds number Re = PEN-D? (1-7y108
Consumed 134 12,8 15,7 17,6 21,7 254 . "
Np 1,68 121 1,13 1,00 0,99 0,94 o M Froude number Feo DON? 015
Re 88638 | 97464 | 106344 | 115224 | 124050 | 132930 55 g
Fr 1,99 2,41 2,87 3,37 3,91 4,49 £ Po
213 y=-1E-05x +2,7544 Power number p=——0— 05-5
Mean energy § R=0,761 B pe-N3-D3
dissipation 0,56 0,40 0,38 0,33 0,33 0,31 S Q.
Nq (Pumping) 0,0897 0 Airflow number Q = ND 00102
Neu (Euler) 13 Nore: N mpele specd D - Mpeler Gamete, O = o ae, o < et poWer A, = STy Eniy, = Sy Vecosiy,
Pressure (Pa) 25030 2 9= gravitational constant.
Pressure (kPa) 25 10000 100000 1000000
Reynolds number
Denver
19 12 y = -1E-06x + 1,6365 [ ]
8 R?=0,1519 Syet®.
17 - 5 14 L]
© 12
s 510
g E 08
213 V=-1E:05x+2,7504 2 06
EO R2=0,761 & .
a 0,2
09 0,0
10000 100000 1000000
7 Reynolds number
10000 30000 50000 70000 90000 110000 130000 150000
Reynolds number m Denver ® Leeds —— Linear (Denver)
— - - Linear (Leeds) -~ Linear (Leeds)




07-Apr

Slurry Density (kg
Diameter (m)

1000
0,074

Dynamic viscosity, n
(Pa.s)

Leeds empty (W)

https://wiki.anton-paar.com/za-en/water/
0,000932 |@ 23 deg

started here

Impeller speed (r|

1000

Hertz 16,67 18,33 20 21,67 23,33 25 19,58333
RPM 1000 1100 1200 1300 1400 1500 1175 16
Consumed 15,6 20,0 26,3 34,5 42,9 48,5 1,5
Np 1,54 1,48 1,50 1,55 1,55 1,42 1
Re 97353 107048 116801 126553 136248 146001 é 15 ¥ =-1E-06x+ 1,6365
Fr 2,09 2,53 3,01 3,53 4,09 4,70 2,88 E R?=0,1519
Mean energy g 15
dissipation 0,51 0,49 0,50 0,52 0,52 0,47 L 14
Ng (Pumping) 0,0681 0,0550 ’
Neu (Euler) 22 28 14
Pressure (Pa) 47991 83274 14
Pressure (kPa) 48 83 10000

Leeds

./.
[

100000
Reynolds number

Time (min) 1000 1100 1200 1300 1400 1500
0-1 Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise
1 59 62 62 64 62 64 75 82 89 98 105 114
2 59 59 62 62 62 62 75 82 87 98 105 112
3 59 62 62 64 62 62 75 80 89 96 105 112
4 59 59 62 64 62 64
5 59 64 62 64 62 64
Ave. Test 2 59 61 62 64 62 63 75 81 88 97 105 113
Ave. Test 1 58 61 63 62 62 64
Ave.T1& T2

1000000
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0 2 a 6 8 10
Time (sec)

Do e leeds @ 200 1om ——tecds @ 100 o

[a(m3/s) | oo0063] oo00s5] o.00052]
[na | oossr[ ooes| ooss)
[ ssl— ssl

08 v it Distiled varer

o 2 a 6 s 10
Time (sec)

e 1200

Lot 40070m

T__—
Denver Leeds , Leeds
5

e Losts @ 12005m

o 2 a 6 8 10
Time (sec)

s @ 1400r0m

Denver @ 1200 rpm

Time (sec)

Leeds @ 1200 rpm

Leeds @ 1400 rpm

JEC e



Variables Unit (SI) Denver Red letters means | used the closest value measured
Impeller diameter (D) 0,070 Data from from Lima et el (2019)

Tank diameter (T) 0,161 Other data, approximated from my cell test conditions
Width of impeller’s blades (W) =R-S 0,0072 Light blue (additional variables)

Distance between the center of the impeller and

the bottom of the tank © = (R-S)/2 + S 0,0184

Level of the pulp in the cell (Z) m 0,165

Slurry specific gravity () kg/m’ 1000|water

Slurry dynamic viscosity () Pa.s 0,0010(@ 20 deg

Surface tension of flotation solution () N/m 0,072 @20 deg

Acceleration due to gravity (g) m/s 9,81

Impeller rotational speed (N) 5! 15

Power drawn by the impeller (P) W 13,441 used the closest value measured

Slurry flowrate discharged by the impeller (Q,) m’/s 0,0006 (water

Air flowrate feeding the cell (Qg) m’/s 3,3E-05

Pressure difference promoted by the movement of i|P

?

HNP__(ﬁ%Xf%Xﬁﬂ%X X%Xﬁa H ﬂ ({m | assigned an alphebet letter to each term in brackets

Np=a*b*c....*j

Terms

a 6E-03
b 0,12
C ?
d 7E+04
e 1E+03
f 1,61
g 2,36
h 0,10
i 0,26
i 2,30
a to j product without ¢ 1E+04
Pressure difference promoted by the movement of i|Pa 0,13

}NP - ND3) (ND3) (1\12172 ) L ) (_L%%,)G[[%g_z) (1



Tabien
Demier [en Range
00| 1an 100 fr o e
Water density (k___1000 Revmolds b B P, ERITeEnyT >
Water (m3] 0,003 Power mamber n ot oss o 100 1 ,
Diameter m) 0 [ oom O v . PR
Impeller speed 20 — » . ors o oon)
233 J— " ke o »
9.32E-04 Pas. @23 deg |ke/ms. PR - " =3 o o -
£ m/s2 -~ " e o oo
A ate 33605 myjs ] . 12(&) mmon
Power consumed 567 229 %3 W i it he el dmrr (.7 s, o Pl the et e
Aueroe tme o1 10 P — s . for e S fn fov )
Q(ma/s) [ 00006 0,005 0,0005° ared and the e
Average time oF 10 o i sa8
Re To6e405 | 136E05 1176405 56100 2610%
i (Froude number] 287 09 501f01-5
o (Power number) 11 155 150[05-5
N (A flow number] ase03] 36603 a1e03[001-02 Mavros, P, 1952, Mixing and hydrodynamics in lotation cels Innovations in Flotation
Na (Pumping) 009 005 o Technolosy. Sornger, 5p. 211-234.
Neu (Euler) 126 281 220[05-2_|uitof Leaizme
pressure (pal s030| _sars 7991
pressure (kPal f5 ) a8
ot Wikgork] 038 052 50[0015 -0, . 2008
[ on 027 021]0615 _|saced thesis
Impeller speed rom 1000 1000 1200 1400 1200 -
Variables Unit (S Denver Leeds Denver [leeds |Leeds A
Impeller diameter (D) 0070 0078 0070 | oors | oo Flowrate -
Tank diameter (T) 0,161 0,158 0,161 0,158 0,158 | cal. On the note book = —
Width of impeller's blades (W) 0,072 00076] 00072 o0076] 00076 ND3
Distance between the center of the
impeller and the bottom of the tank (¢) oo184] 00099 oo1a| 00099 00099 1
Level of the pulp in the cell (Z) m 0,149 0,150 0,149 0,150 0,150
Slurry specific gravity () ke/im’ 1000 1000 1000] 1000 1000 )
Slury dynami vscosity O Pas 5000900005 o0000] 0008 00000 @23 e N-=1Impeller-rotational speed-(s-1)1
Surface tension of flotation solution () | N/m_ 0,037 0,037 0,037 0,037 0,037| @22 deg
Acceleration due to gravity (g) s 981 981 981 981 1081 .
npele otational speed () s PP Y o[ 2 0 D-=Impeller-diameter(m)"|
Power drawn by the impeller (P) W 11 11 15,00 27, 20
Slurry flowrate discharged by the impe|m’/s 28604) 26604  20604| 18604 22604 |water-Noair
Air flowrate feeding the cell (Qg) m's 33605 33605  33605| 33605 33605
Np (Power number) 137 100 108 o0m 114
o) (20 (B2 (R5D) (KDY (BN (2 (5
o b = (o) (35) () (%22) (22 D) e6E o
a 03| seoa|  se0s| apos Np=atbec...t
b seor| avo|  3e02| 202
. B : ; 7
o SE0a]  iew0s|  1b0s| 1e0s| 105
B 26172]  30126] 37668 sooas| a3l
0 1 20 287 a0 273
A 212 208 212 208 203
h 010 010 os0[ oso] 00
i 026 013 026] _o13] o
i 225 2.0 229 1 2
176,00 73603 200008 Taesos] 53603
Pressure difference promoted by the m|Pa 011, 023 011 021




14-Oct Solids SG 2,65

Water Density (kg 1000 Step 2 Dynamic viscosity, n https://wiki.anton-paar.com/za-en/water, Percentagy 16,7
Diameter (m) 0,070 (Pa.s) 0,001024 (@ 23 deg Step 1 Step 3 Slurry Den| 1116
Leeds empty (W) |
Impeller speed (r| 1000
Time (min) 1000 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise
Averages
" i " PO " Table 1
With water only 0,001024 With solids Dynamic viscosity, n (Pa.s) = 0,00102 Dimensionless numbers used in flotation hydrodynamics characterization.
Hertz 16,7 183 20,0 21,7 233 25,0 Hertz 16,7 183 20,0 21,7 233 25,0 Pparameters symbol Equations Interpretation Range Reference
RPM 1000 1100 1200 1300 1400 1500 RPM 1000 1100 1200 1300 1400 1500 Reynolds number Re N 5 % 10%-2 x 10° (Mavros, 1992)
— R =2
C 11,0 12,0 15,0 17,0 190 23,0 Consumed] 7,0 9,0 12,0 150 190 23,0 power number . I 0ss (ot 1005 e, 1975)
Np 1,37 113 1,08 097 0,86 0,85 Np 0,78 0,76 0,78 0,76 0,78 0,76 Al tlow nuber N AN " Honrae 0002-02 (asbiter et 1976)
Re 80640 88704 96768 104832 112896 120960 Re 89992 98992 107991 116990 125989 134989 Froude number - N o peller velocity o1s (eamers et 2l 1955 Rodrigues ot 1. 2001)
Fr 1,99 2,41 2,87 3,37 3,91 4,49 Fr 1,99 2,41 2,87 3,37 3,91 4,49 =" pravity force b
Viean Weber number we we_ VD inertial force E (Rodrigues e al., 2001)
energy Caplllary number ca o WTRZ an # - (hu ecal. 2019
Mean energy dissipatio Strokes number s 8,7%&<%): re (2 % - (Miettinen et al., 2010)
dissipation 0,46 038 0,36 0,32 0,29 0,28 n 0,26 0,25 0,26 0,25 0,26 0,25 N is the impeller rotation speed (rpm), D is the impeller diameter (m), p is the pulp density (kg/m®) and s, is the pulp dynamic viscosity (kg/m-s). P s the net power
Qd (m3/s) 0,0002 Q (m3/s) 0,0003 consumption by impeller (W). Q; is the volumetric gas flowrate (m*/s). ¢ is the gravitational acceleration (m/s?). is the surface tension of air/solution interface (N/m).
- _ - _ vis the kinematie viscosity of the fluid (m?/s), y is the shear rate (s~') and Ry s the initial radius of fluid particle (m). Res is the Reynolds number of the bubble, p, and p;
:q (F;:n;p';'g) 0‘22981 - QNd//(::DAS ) —zq “z:"l‘p';‘g) 0‘3277 - QNd//(::DAS ) are densities of the particle and the liquid, respectively, and d, and d, are diameters of the particle and the bubble, respectively.
eu (Euler =Np/Nq eu (Euler) =Np/Nq
Pressure (Pa) 76583 | Ap = Neu*(N~2 D2 p) Pressure (Pa) 36040 | Ap = Neu*(NA2 D72 p)
Pressure (kPa) 77 Pressure (kPa) 36
Denver
Denver slurry 0,78349 0,756832 0,777271 0,764181 0,775005 0,762762
15 0,79
14 o - 0,78349
13 \ 0,756832
g 12 s g . 0,777271
E 11 LN £ N
2" 2077 2E-07x+0,7921 . 0764181
= I c 0 y=-2E07x+0,
g e & g R?=0,1064 0,775005
Sos = 1E-05x+2,3 . s *e 0,762762
08 R?=0,917 h
L]
07
0,6 0,75
10000 100000 1000000 10000 100000 1000000
Reynolds number Reynolds number
Power vs Reynolds numbers - No solids
13 Power vs Reynolds numbers -with solids
12
g —. . v
g1t T—ee— . y = -5E-06x + 1,6724 12 .
210 T — R 2
cv ° g 11 . .
%09 y=-1E-05x + 2, 210
& R?=0,917 ] [ ] 5 b
08 209 hd
3
&
07 08 [ ] n [ ] n
100000 105000 110000 115000 ~ 120000 125000 130000 135000 07
Reynolds number 100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
W Denver ® leeds — Linear (Denver) — - - Linear (Leeds)
M Denver ®Lleeds
Power vs Reynolds numbers - No solids
13 Power vs Reynolds numbers -with solids
12 T, 13
g L )
2 11 - 12 e y = -7E-06x + 1,9076
210 - y = -9E-06x + 2,1568 24, T, R?=0,9625
5 '4\,11@,9523 g . L
Z 09 y =-1E-05x + 2, - 210 ~..
2 5 .
< e R?*=0,917 | ] % 00 -~
Yol a . o g
100000 105000 110000 115000 ~ 120000 125000 130000 135000 07 .
Reynolds number 100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
W Denver ® leeds ——— Linear(Denver) — - - Linear (Leeds)
W Denver ® leeds ——— Linear(Denver) — - - Linear (Leeds)
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14-Oct

Water Density (kgl 1000|Step 3 Dynamic viscosity, n

Diameter (m) | 0,074 (Pa.s) 0,001024 |@ 27 deg
Leeds empty (W) |

Impeller speed (r] 1000 1100 1200 1300 1400 1500

Averages (W)

With water only

Hertz 16,67 18,33 20 21,67 23,33 25
RPM 1000 1100 1200 1300 1400 1500
Consumed 11,0 17,0 20,0 25,0 27,0 32,0
Np 1,09 1,26 1,14 1,12 0,97 0,94
Re 88587 97408 106283 115158 123979 132854
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean energy
dissipation 0,36 0,42 0,38 0,37 0,32 0,31
Q (m3/s) 0,0002 0,0002
Ng (Pumping) 0,03 0,02 |=Qd/(ND3)
Neu (Euler) 42 50 =Np/Nq
Pressure (Pa) 92433 148650 | Ap = Neu*(N~2 D/2 p)
Pressure (kPa) 92 149
Leeds
1,3
°
1,2 \
N
g 11 ° \
2 y =-5E-06x +1,6724 "
R R?=0,539 o
309 °
g
a 08
0,7
0,6

10000

100000
Reynolds number

1000000

https://wiki.anton-paar.com/za-en/water/

Step 1

With solids Dynamic viscosity, n (Pa.s) = 0,00102

13
12
1,1
1,0

0,9

Power number

08
07

0,6
10000

y =-3E-06x + 1,3855

R?=0,2833

100000

Reynolds number

Hertz 16,7 18,3 20,0 21,7 23,3 25,0
RPM 1000 1100 1200 1300 1400 1500
Consumed 11,0 18,0 21,0 26,0 30,0 35,0
Np 0,97 1,20 1,08 1,05 0,97 0,92
Re 98841 108725 118609 128493 138378 148262
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean
energy
dissipatio
n 0,32 0,40 0,36 0,35 0,32 0,31
Q (m3/s) 0,0003 0,0002
Ng (Pumping) 0,04 0,03 |=Qd/(ND"3)
Neu (Euler) 30 37 =Np/Nq
Pressure (Pa) 71855 121933 | Ap = Neu*(N~2 D2 p)
Pressure (kPa) 72 122
Leeds

1000000

Solids SG 2,65
Percentagyg 16,7
Slurry Den| 1116

0,973863 1,197291 1,075922 1,047728 0,9679265

0,973863
1,197291
1,075922
1,047728
0,967927

0,91812

0,91812


https://wiki.anton-paar.com/za-en/water/

Water (No Air)

Impeller speed rpm 1000 1000 1200 1400 1200
Variables Unit (S Denver Leeds Denver Leeds Leeds

Impeller diameter (D) 0,070 0,074 0,070] 0,074 0,074

Tank diameter (T) 0,161 0,158 0161| 0,158 0,158 cal. On the note book

Width of impeller’s blades (W) 0,0072 0,0076 0,0072  0,0076 0,0076

Distance between the center of the

impeller and the bottom of the tank

© 0,0184 0,0099 0,0184| 0,009 0,0099

Level of the pulp in the cell () m 0,149 0,150 0,149] 0,150 0,150

Water specific gravity () kgm‘ 1000 1000 1000 1000 1000

Water dynamic viscosity (1)) Pas 0,0010 0,0010 0,0010  0,0010 0,0010|@ 22 deg ov 2022
|Surface tension of flotation solution () N/m 0038] 0038  0038] 0,038 0,038| @22 deg ov 2023

Acceleration due to gravity (g) ms® 9,81 9,81 9,81 9,81 9,81

Impeller rotational speed (N) s 16,67 16,67 20 233 20

Power drawn by the impeller (P) w 11 11 15,00 27 20

Slurry flowrate discharged by the impem/s 2,8604|  2,66:04| 20604 1,86-04]  2,26-04|water - Noair

Air flowrate feeding the cell (Qg) m'/s 3,3E-05 3,3E-05 3,3E-05| 3,3E-05 3,3E-05

Np (Power number) 137 1,09 1,08 0,97 1,14 . - .

A ND' N?D DNZ\[z (1

e = () () () (22) (522 (20000 o

a 6E-03 SE-03 5E-03] 403 4E-03 Np=a*b*c..

b SE-02 4E-02 36-02] 2602 3602

c ? ? ? ? ?

d 9E+04 1E+05 1E+05|  1E+05 1E+05 Table 1

e 2555,9 2942,0 3680,5| 57664 42365 Dimensionless numbers used in lotation hydrodynamics characterization.

G 1,99 2,09 2,87 4,09 3,01 Paramerers Symbel Equarions Tnrerpretation Range Reterence

A 2,12 2,03 2,12 2,03 2,03 Reynolds aumber R o incrtial foree 51002 % 10° (Mavros, 1992)

h 0,10 0,10 0,10 0,10 0,10 Power number » g iy < o5 (Baces exal, 1963; Harts,

i 0,26 0,13 0,26 0,13 0,13 Al ow number w 000202 (bt el 1976)

f 2,29 2,14 2,29 2,14 2,14 Froude number s 01 (eamers et L, 1953; Rodrigues e al. 2001)
Al terms multiplied 1,6E+04]  6,9E+03|  1,96+04] 1,3E+04]  9,8E+03 wweber namber we (oo ool 2001y

Capillay umber @ (e
Strokes number s Miecinen eca., 2010

Average time pH 11 10,57 11,33 15,32 16,52 13,87 No Air

Re (Reynolds number) 8,65E+04|  9,51E+04|  1,04E+05| 1,33E+05| 1,14E+05|SE10M - 2E1 N is the impellet rotation speed (rpm), Disthe impeller diameter (m),  is the pulp density (kg/m® and s, i the pulp dynamie viscosity (ks/m-s). P is the net power
Fr (Froude number) 1,99 2,09 2,87 2,09 3,01[0.1-5 consumpaon Q‘ﬁf.f:i,:.i‘:r."imc B ‘;:T: oo i R e bubble, , and
Np (Power number) 137 1,09 1,08 0,97 1,14[05-5 are densities of the paurticle and the liquid, respectively, and dy and d; are diameters of the particle and the bubble, respectivels. o
Na (Air flow number) 57603| 50603 48603 366-03]  4,1603[001-0.2

Ng (Pumping) 0,05 0,04 0,03 0,02 0,03 Flowrate

Neu (Euler) 8,59E-05| 1,57E-04] 5,69E-05 7,46E-05| 1,17E-04[05-2 Lit of Leal2me TNDF

Energy/power input (W/kg or kW/m3) 0,46 036 0,36 032 0,38[0,015-0,6 | Changunda et al, 2008

Superficial gas velocity (Jg) (cm/s) 0,21 0,22 0,21[0.6-1.5 Saeed thesis

Np=Ng * Neu 4,196-06]  6,206-06] 1,60E-06] 1,456-06] 3,156-06 1

N-=Impeller-rotational-speed-(s-1)1

seller-diameter(m)1




Slurry data (with 2LPM air)

Slurry Densi| 1116

_ Flow rate
ND3

N-=1Impeller-rotational speed-(s-1)

D-=-Impeller-diameter:(m)

Impeller speed rpm 1000 1000 1200 1400 1200 [solidssG_|
Variables Unit (S Denver Leeds Denver| Leeds Leeds
Impeller diameter (D) 0,070 0,074 0070] 0,074 0,074 i
Tank diameter (T) 0,161 0,158 0161 0158 0,158 | cal. On the note book
Width of impeller’s blades (W) 0,0072 0,0076 0,072 0,0076 0,0076
Distance between the center of the
impeller and the bottom of the tank () 0,0184 0,0099 0,0184| 0,009 0,0099
Level of the pulp in the cell (Z) m 0,149 0,150 0149 0,150 0,150
Slurry specific gravity (p) ke/m’ 1116 1116 1116 1116 1116
Slun§ dczamic viscosity (1) Pas 00011] _ 00011] _ 00011] 00011] _ 0,0011|@22dez | NICHIEHBEINoY 2022
Surface tension of flotation solution (y)  [N/m 0,037 0,037 0,037] 0,037 0,037| @22 deg
Acceleration due to gravity (g) m/s” 9,81 9,81 9,81 9,81 9,81
Impeller rotational speed (N) s 16,67 16,67 20 233 20
Power drawn by the impeller (P) W 7 1 12,00 30 21
Slurry flowrate discharged by the impeller | m'/s 2,6E-04 2,6E-04 2,36-04| 2,6E-04 2,4E-04 | water - Air -\mv 2022
Air flowrate feeding the cell (Qg) m’s 33605 33605  3,3E05| 33605 33605
Np (Power number) - Hydrodynamic test 078 0,97 0,78 0,97 1,08
Foms e = (i) ) (
Qg/(ND"3) 6E-03 5€-03 Se03]  4E-03 4E-03 Np=a*b*c...*j
Qd/(ND"3) 4E-02 4E-02 3602 3E02 3602
o/(N"2 D"2 p) ? ? ? ? ?
ND"2 p)/uL 8E+04 9E+04 1E+05] 16405 1E+05
N2 DA3 p)/v(L/G) 29207 3362,0 4205,9] 6589,4 4841,2
DN"2)/g 1,99 2,09 2,87 4,09 3,01
2/D 2,12 2,03 212 2,03 2,03
w/D 0,10 0,10 0,10 0,10 0,10
/o 0,26 0,13 0,26 0,13 0,13
/D 2,29 2,14 2,29 2,14 2,14
All terms multiplied 1,6E+04]  7,1E403|  2,4E+04] 2,0E+04|  1,26+04
Pressure difference promoted by the moven[Pa 0,08 0,23 0,07 0,16 022
Average time pH 11 11,52 11,66 12,88] 11,63 12,28[Ranges | Air
Re (Reynolds number) 80233 88122 96280| 123371]  105747[5E10% - 2E10%
Fr (Froude number) 1,99 2,09 2,87 4,09 301]0.1-5
Np (Power number) 078 0,97 0,78 0,97 1,08[0.5-5
Na (Air flow number) 57603|  50£03] 48603 36603 4,16-03[0.01-02
Na (Pumping) 0,04 0,04 0,03 0,03 0,03
Neu (Euler) 504E-05| 1,37€-04] 3,246-05| 4,93E-05] 9,19E-:05[0.5-2 Lit of Leal2me
Energy/power input (W/kg or kW/m3) 0,26 032 0,26 032 0,36[0,015-0,6 | Changunda et al, 2008
Superficial gas velocity (Jg) (cm/s) 0,21 0,22 0,21[0.6-1.5 Saeed thesis
Na * Neu 2,266-06] 5256-06] 1,086-06] 1,36E-06] 2,80E-06

) (A22) (222) (D) (@EE w

impeler speed rpm 1000 1000] T200] __1400] T200]
[ Variables [ Unit (ST) Denver Leeds [ Denver Leeds Leeds
Impeller diameter (D) 0,070 0,074 0,070 0074 0,074
Tank diameter (T) o161 o8] o1e1 o155 oasy
| Width of impeller’s blades (W) 0,0072] 0,0076| 0,0072| 10,0076 10,0076
Distance between the center of the.
impeller and the bottom of the tank
(o) 00184  oooso|  oo18a| 00099  00099)
Level of the pulp in the cell () m 0,149] 0,150] 0149] 0,150 0,150}
Slurry specific gravity () kg/m* 1116} 1116| 1116| 1116} 1116}
Slurry dynamic viscosity () Pa.s 0,0009] 0,0009| 0,0009|  0,0009)] 0,0009|@ 23 deg.
Surface tension of ion (|N/m 0,037} 0,037] 0037] 0,037 0,037| @22 deg
Acceleration due to gravity () /s’ 981 981 981 981 981
Impeller rotational speed (N) s" 16,67) 16,67| 20| 233] 20)
Power drawn by the impeller (P) __[W 7] 1] 12,00| 39 21]
Slurry flowrate discharged by the imp{m’/s 28604|  26E-04] 33604 256-04]  29-04|water- Air
Air flowrate feeding the cell (Qg) _|m'/s 33605 33605 33605 33605  33¢-05)
Np (Power number) 0,78 0,97| 0,78] 0,97] 1,08]
Terms
B 6e0s|  seos|  seos
b Se0 ac0) _ se0))
A g g
i 160 16403
B 2920, 33620
F 15 209]
A 2,12 2,03]
o 0.10] 010]
i 026] 013] ¥ X X
i 229 2.4] ¥ X X
2.16404 906103
[Average time pH 11
Re
Fr (Froude number)
Np (Power number)
Na (Air flow number)
Ng (Pumping)
Neu (Euler)
put (W/kg or kW/m3)
Superfical gas velocity Ug) (cm/s) 022 0.21]0.
Na* New 4,26E-06)




ooois Denver no & Ar 1200 rpm D vs 1400 rpm L
. oo01s -
Fom | 2 o | e [ § o PN
Som | —we < - §
£ H
o005 00005
0s  mo ms 10 e e e E 0s om0 ms 10 . o
H 1 Denver no & Air e et
: g 1 w
3 u H z 7
£ e
H : g
, £
o 0 om0 1o 0 10 w0 190 om0 mo mo| - .
impeller speed s-1) impeller speed (51) s w1 oA’
Impelle speed 51
o Demer 4 Lecds o Denr 4 Lees
4 Demier_o Denver
ooz Denver no & Air
. Z o000 . .
B £ oos N 200
. oo H N Son . . .
. . 8o 3o
o010 Son
v om ow o 15 P 15 P
impellerspecd s3] impeller spee (+1) impeller speed (51)
o enver 4 Lesds o Denver 4 Leeds 4 enver o Denver
. 005 . . Denver no & Air
. oot R N . 005 . .
* . 003 £ . .
002 H . Zom .
oo 002 000
1 v oa ow o s v om o on s s v v on om o
impeller speed (s-1) impeler specd (+1) Impeller specd (51)
«enver 4 Lesds o Denver 4 Lecds A Denver  Denver




14-0ct

Slurry Density (ks[ __1000]sten 3.
Diameter (m) 0.074

Dynamic viscosity, 1

httos://wiki anton-paar.com/za-en/water/

0102 | @ 27 de 1.20383

(Pa.s) en 1 Sten2 Sten4
L Leeds empty (W)
1200 | 1300
1000 | 1100 | 1200 | 1300 | 1400 | 1500 2000 | 1100 | 1200 | 1300 | 1400 | 1500 1000 | 1100 | 1200 1300 1400 | 1500
01 Stabilise | Stabilise | stabilise | Stabilise | Stabilse | stabilise Stabilise | stabilise | stabilse | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | stabilise | Stabilise | Stabilise | Stabilise Stabilise | stabilse | Stabiise | _Stabiise | stabilise | stabilise
05 55 57 59 2] 64 2] 68 73 80 87 94 64 7 78 85 89 94 68 73 80 87 9 )
1 55 57 59 62 64 64 68 73 80 87 1] 66 71 78 85 89 ) 66 75 80 89 9 98
68 7 82 89 % 66 7 78 85 89 ) 68 73 80 89 % 98
68 73 80 87 % 64 71 78 85 51 1] 66 73 8 87 9 98
7 7 80 87 % 68 7 78 85 o1 ) 66 7 80 87 9 98
68 73 80 87 ] 66 71 78 82 51 ] 68 73 80 87 9 98
68 7 82 87 % 66 7 78 85 o1 % 68 73 82 87 9 98
68 73 82 87 % 66 71 78 85 89 ] 68 73 80 89 9 103
68 7 82 89 ) 66 7 78 85 o1 ) 68 7 80 89 9 98
68 73 82 89 91 66 71 78 85 89 91 68 73 80 87 9 101
|_sowsor 66 7 78 85 %0 94 67 73 80 88 94 99

— s
TN NETFT BTN SV TN TR T FTEN ETTIN ITI MT FTTI BT TET
ot 3000|500 | ga00 | 3300 | e | s00 | 1178 Y BT T B T I T
Comomea |08 | 100 | 367 | 225 | 250 | 0 (T T T T Y N I Y
R 0 70 Y Y0 YT YT e[ Tosra | ovre | Tomio | Loser [ oo | oomea
R Sentr [ s | Tonr | Tnss | oers | Toess T W 7 Y RV TN T TR T
P T T T N Y Y OO T T Y YT Y- Y 0 Y
oo
vy
Mean energy dissipatio
etomon | 036 | o35 | oas | oms | o3 | om ] oz | oss | o | oz | om | om
|Na (Pumping) 0,0681 10,0550 Ng (Pumping) 0,0681 0,0550
Neu (Euler) 16 17 Neu (Euler) 16 18
Pressure (Pa) 34166 50469 Pressure (Pa) 38551 58613
Pressure (kPa) 34 50 Pressure (kPa) 39 59
Leeds Leeds
“ 12
. o,
m A os7ass
§ 1.19729
&08 1,07592
. Youors
hyoit
10000 100000 1000000 3 0.91812

Reynolds number

Reynolds number

988411
108725
118609
128493
138378
148262

109715

092337

988411
108725

109715
988411
109715
107815
1.08105
103919

0.9748

092337

1,00867

1.00206

89992.3

107815
108725

097328
115801
103493
1.02308
092961
0.86566

119012
130863

108105
118609

stddev
0.0638
005542
0,032
002027
005858
0.06847

148732
16333
17832.1
193312
20791
222002

103919
128493

average
102637

093036

102615
112860
123129
133397
143642
153911

0974797
138377.5

0.063804
0055416
0031996
0020273
0.058577
0.068472

092337
148262

106643

159933

1.066408754
106643497

1,066408754
1,03979419
1,06919856

1.020365741

0936560586

0895793993

1.03979
117263

124814

1.06559

1.0692
127947

1,00716
1.18834
1,06348
1.04284
092936
087823

102037 093656 089579

138630

012333
013396
007763
0.06457
008534
010347

149250

159933


https://wiki.anton-paar.com/za-en/water/

started here then move backwards

ime. 1300 14¢ 1500 1000 11 1201 1300 14¢ 1500
01 Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise
0.5 4 140 4. 4. 156 2 1 4. 181
1 7 135 7. 156 2 4 19 181
15 4 137 4. 156 4. 4 1 183
2 135 12 158 4. 1 13 179
25 135 7. 158 2 4 4. 179
3 128 137 12 165 6 2 1 181
35 133 137 4. 170 4 0 1 181
4 133 135 7. 167 1 0 19 181
45 4 133 135 7. 2 167 4 4. 4 177
5 4 131 137 17 4 167 4 2 4 181
I Ave. Test 2 125 133 144 156 166 173 123 134 142 152 163 180
Ave. Test 1
[Tas w12 168 180 |
With water only. With solid:
16,7 183 20,0 21, 233 250 19,58333 16,7 183 20,0 21,7 233 25,0 19,58333
1000 1100 1200 13( 1400 1500 1175 1000 1100 1200 1300 1400 1500 1175
Consumed 9.9 9.7 12,9 19 21,0 183 | Consumec| 7.8 107 117 16,0 182 253
1,24 0.9: 0,93 1,1 0,96 0,68 0,87 0,90 0,76 0,82 0,74 0584
Re. 80640 88704 96768 104¢ 112896 | 120960 Re. 89992 98992 107991 | 116990 | 125989 | 134989
Fr. 1,99 2,41 2,87 3.3 3,91 4,49 2,75 199 2,41 2,87 3.37 3.91 4,49 2,75
Mean
energy
Mean energy dissipatio
dissipation 0,41 0,30 0,31 0,38 0,32 0,23 n 0,2¢ 0,30 0,25 0,27 0,25 0,28
Ng (Pumping) 0,0897 Ng (Pumping) 0,0897
Neu (Euler) 10 Neu (Euler) 8 1083355 119169,1 130002,6 140836,2
Pressure (Pa) 20610 Pressure (Pa) 18693 0,872508 90028  0,75784 0,814751
Pressure (kPa) 21 Pressure (kPa) 19 89992,35 0,872508
E— oBoorss 090028
1079008 075784
Denver Denver 116990 0,814751
,3 1250893 0742692
12 . 10 1349885 0,839039
Lo \ e L8
£ 0 y £o8
s o 087508 0mm6 07839 0873031
) R o 090008 0756832 0756832 0941836
&os =0,4604 \ 8 075784 0,751362 0,777271 1,023407
07 o7 0,814751 0,764181 0,764181 0,753992
o . o7 0,742692 0,726058 0,775005 0,750531
6 06 0,839039 0,795926 0,762762 0,722966
om0 e 10000 fow  om  som  om s nome o 1soe
Reynadsmumber Reynds mumber
DvsL
N D s Lslurry
12 2 12
2 - 11
g 8, v-eon o Buo | vesteoscsaen
Sos e, U :
H £os
a0 .06 + 18528 H y=-2606¢+ 1,0301
o R-04604 W =0 R=0,251
om0 e e ;
Reynods number o000 e
Reynldsnumber
W Denver ® Leeds Linear (Denver) ~— - - Linear (Leeds)
®  Denver ® Leeds Linear (Denver) = - - Linear (Leeds)

std dev

151669,7 1625033
0742692 0839039

Average

0042729 082826

0049292 0760551

0058672

1,235848 0910796 0,932473

9707682 1067845 116492.2
1.235848 1573882
0910796 1126143
0932473 1,098728
1130871 0943775
0956339 0746535
0677279 0866029

1,130871
126199.9
1324025
1238758
1,069814
0966517
0728327
0740196

0956339 0,677279

1359075 1456152
017532

0166641

0088825
010209

0126714

0096107
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Water Density (kg 1000|Step 2
Diameter (m) 0,070

Dynamic viscosity, n

(Pa.s)

Leeds empty (W)

Impeller speed (r
Time (min)

Averages

With water only

https:,
0,001024 | @ 27 deg
1000

Stabilise

Hertz 16,7 183 20,0 21,7 233 250
RPM 1000 1100 1200 1300 1400 1500
C d 15,6 17,8 21,0 226 25,4 27,0
Np 1,95 1,67 1,52 128 1,16 1,00
Re 80640 88704 96768 104832 112896 120960
Fr 1,99 2,41 2,87 3,37 3,91 4,49
Mean energy
dissipation 0,65 0,56 0,51 0,43 0,39 0,33
Qd (m3/s) 0,0002
Ng (Pumping) 0,0281 |=Qd/(ND"3)
Neu (Euler) 54 =Np/Ngq
Pressure (Pa) 107217 | Ap = Neu*(NA2 D72 p)
Pressure (kPa) 107
Denver
22
20
_ 18
2
£ 1,6
5
214
2.,
g ¥ = -2E-05x + 3,7589
1,0 R?=0,9865
08
06
10000 100000 1000000
Reynolds number
Power vs Reynolds numbers - No solids
13 n
12 T —e
5 _ y = -5E-06x + 1,7562
£ U1 y=-2E-05x+3,7589 T R
2 10 R?=0,9865 u
1]
5 09
08
07
100000 105000 110000 115000 120000 125000 130000 135000
Reynolds number
W Denver  ® leeds —— Linear(Denver) — - - Linear (Leeds)
Power vs Reynolds numbers - No solids
3 —.. =u
12 Tre—
3 - y =-7E-06x + 1,9432
£ L1 y=-26-05x +3,7589 T — .. RP-¢,9366
210 R? = 0,9865 n =
c
5 09
08
0,7
100000 105000 110000 115000 120000 125000 130000 135000
Reynolds number
W Denver @ leeds —— Linear(Denver) — - - Linear (Leeds)

Solids SG 2,65
‘wiki.anton-paar.com/za-en/water, Percentagy 16,7
Step 1 Step 3 Slurry Den| 1116
1000 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
Stabilise Stabilisel Stabilise| Stabilisel Stabilise| Stabilisel Stabilise | Stabilise | Stabilise [ Stabilise | Stabilise | Stabilise
143,8 152,2 159,8 171,2 1786
i " Table 1
With solids Dimensionless numbers used in flotation hydrodynamics characterization.
Hertz 16,7 183 20,0 21,7 233 25,0 Parameters symbol Equations Interpretation Range Reference
RPM 1000 1100 1200 1300 1400 1500 Reynolds number Re PN S 10%2 % 10° (Mavos, 1992)
Consumed| 11,2 12,8 16,8 20,4 21,2 25,6 power number N ot o055 (Bates ecal, 1963; Harris, 1974)
Np 1,25 1,08 1,09 1,04 0,86 0385 Air flow number Ne . "S,D:s) " Howrue 0.002-0.2 (Arbiter etal., 1976)
Re 89992 | 98992 | 107991 | 116990 | 125989 | 134989 Sy peller velocty N o
Froude number [ N> ial force 015 (Keamers et al., 1953; Rodrigues et al, 2001)
Fr 1,99 2,41 2,87 3,37 3,91 4,49 =" pravity force
oo Weber number we we_ VD el o (Rodrigues et al., 2001)
[— Capillary number ca ca= o 1y "ﬁ:‘;:; = fore (chu etal, 2019)
A B inertial force fectinen ec al, 24
dissipatio suokes number s s y_,,(:_:) ey (12) — (Mierd 1, 2010)
n 0,42 0,36 0,36 0,35 0,29 0,28 N is the impeller rotation speed (rpm), D is the impeller diameter (m), p is the pulp density (kg/m®) and s, is the pulp dynamic viscosity (kg/m-s). P s the net power
Q (m3/s) 0,0003 consumption by impeller (W). Q; is the volumetric gas flowrate (m*/s). ¢ is the gravitational acceleration (m/s?). is the surface tension of air/solution interface (N/m).
. _ vis the kinematic viscosity of the fluid (m?/s), y is the shear rate (s~) and Ro is the initial radius of fluid particle (m). Res is the Reynolds number of the bubble, o, and p,
|Na (Pumping) 0,0477_|=Qd/(ND"3) are densities of the particle and the liquid, respectively, and d, and d, are diameters of the particle and the bubble, respectively.
Neu (Euler) 23 =Np/Ngq
Pressure (Pa) 50456 | Ap = Neu*(NA2 D72 p)
Pressure (kPa) 50
89992,35 98991,58 107990,8 116990 125989,3 1349885 [ 295 [ 167 [ 152 | 128 | 116 | 100 |
D | 1,253583 1,076384  1,08818 1,039287 0,864743 0,848988 97077 | 106785 I 116492 | 126200 I 135908 | 145615 I
enver siurry 89992,35 1,253583
079 - sE06x+ 18952 98991,58 1,076384 97077 1,95
R?=0,9048 107990,8  1,08818 106785 1,67
116990 1,039287 116492 1,52
2 125989,3 0,864743 126200 1,28
5077 134988,5 0,848988 135908 1,16
5 145615 1,00
2
0,75
10000 100000 1000000
Reynolds number
Power vs Reynolds numbers -with solids
13
12 .
21 ™ .
£V . .
210 = .
LI
& LI |
08
07
100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
WDenver ®Leeds
Power vs Reynolds numbers -with solids
3 Y= -4E-06x + 1,6177
R2=0,9253
1
E
G -
c ~e
]
H y = -9E-06x + 1,9952
o R?=0,9048
07
100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
W Denver @ Lleeds —— Linear (Denver) — - - Linear (Leeds)
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Water Density (kg 1000(Step 3
Diameter (m) 0,074

Dynamic viscosity, n | |
[ 0,001024]@ 27 deg

(Pa.s)

https:,

ki

-paar.com/za-en/water,

Leeds empty (W)

Impeller speed (r|
Time (min)

Averages (W)

With water only

1000

1100

1200 1300

1400

1500

Hertz 16,67 18,33 20 21,67 23,33 25
RPM 1000 1100 1200 1300 1400 1500
Consumed 12,6 17,6 210 254 30,0 364
Np 1,24 1,31 1,20 1,14 1,08 1,07
Re 88587 97408 106283 115158 | 123979 | 132854
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean energy
dissipation 0,41 0,44 0,40 0,38 0,36 0,36
Q (m3/s) 0,0002 0,0002
Ng (Pumping) 0,03 0,02 |=Qd/(ND"3)
Neu (Euler) 45 56 =Np/Nq
Pressure (Pa) 97055 165167 | Ap = Neu*(NA2 DA2 p)
Pressure (kPa) 97 165
Leeds
13
L o
s R?=0,8476 “
€10
2
309
3
208
07
06

100000
Reynolds number

1000000

Step 1

1100

Water Ma| 3

9,81

81,6

Solids SG 2,65
16,7
Slurry Den{ 1116

100000
Reynolds number

With solids
Hertz 16,7 18,3 20,0 21,7 23,3 25,0
RPM 1000 1100 1200 1300 1400 1500
Co 11,4 17,8 214 26,4 324 38,2
Np 1,01 1,18 1,10 1,06 1,05 1,00
Re 98841 108725 | 118609 | 128493 | 138378 [ 148262
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean
energy
dissipatio
n 0,34 0,39 0,37 0,35 0,35 0,33
Q (m3/s) 0,0003 0,0002
[N (Pumping) 0,04 0,03 |=Qd/(ND"3)
Neu (Euler) 30 40 =Np/Ngq
Pressure (Pa) 73224 131688 | Ap = Neu*(NA2 D2 p)
Pressure (kPa) 73 132
Leeds
13
12 .
511 y=-1E-06x +1,2399
-g 10 R?=0,1485
2
g 09
€ o8
07
06

1000000

1,008671
98841,1
98841,1

108725,2

118609,3

128493,4

138377,5

148261,6

1,184634 1,096416 1,063356 1,0458088 1,002063
108725,2 118609,3 128493,4 138377,54 1482616
1,008671
1,184634
1,096416
1,063356
1,045809
1,002063

106643,5
117263,1
127946,6
138630,1
149249,7
159933,3

1,244143547
106643,497

1,244143547
1,307169839
1,200704265
1,141730829

1,08064683
1,065585012

1,30717 1,200704 1,141731 1,080647 1,065585
117263,1 127946,6 138630,1 149249,7 159933,3
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Dynamic viscosity, n |

Water Density (kg 1000(Step 2
Diameter (m) 0,070

|
[ 0,001024 |@ 27 deg

(Pa.s)
Leeds empty (W)
Impeller speed (r] 1000
Time (min)
0-1 Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise
Averages 118,6 126,4 133 140,2 148,6 155,2
With water only
Hertz 16,7 18,3 20,0 21,7 233 25,0
RPM 1000 1100 1200 1300 1400 1500
Consumed 12,6 12,0 15,2 16,6 16,4 23,4
Np 1,57 1,13 1,10 0,94 0,75 0,87
Re 80640 88704 96768 104832 112896 120960
Fr 1,99 2,41 2,87 3,37 3,91 4,49
Mean energy
issipati 0,52 0,38 0,37 0,31 0,25 0,29
Qd (m3/s) 0,0002
Ng (Pumping) 0,0281 [=Qd/(NDA3)
Neu (Euler) 39 =Np/Ng
Pressure (Pa) 77604 | Ap = Neu*(NA2 DA2 p)
Pressure (kPa) 78
Denver
18
16 .
14 \

Power number

08 | ¥=-2E05x+2,7852

R?=0,7958
0,6
10000 100000 1000000
Reynolds number
Power vs Reynolds numbers - No solids
13
12
E 1,1
E” L]
2 10 — =2 y=-5E-06x + 1,5337
5 n T — .. _RPz05023
209  y=-2E05x+2,78 n °
& 2o
08 R*=0,7958
n
0,7
100000 105000 110000 115000 120000 125000 130000 135000
Reynolds number
W Denver ® leeds — Linear (Denver) — - - Linear (Leeds)
Power vs Reynolds numbers - No solids
13
12
H —.
g S
5 -
€10 t—
] [ ] b —~— y = -9E-06x + 2,0008
E 09 | y= 725705x+ 2,78 - C— L R9633
08 R?*=0,7958
n
0,7
100000 105000 110000 115000 120000 125000 130000 135000
Reynolds number
W Denver ® leeds — Linear (Denver) — - - Linear (Leeds)

Solids SG 2,65
-paar.com/za-en/water; Water Mag| 3 16,7
Step 1 g 9,81 Step 3 Slurry Den{ 1116
1000 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise [ Stabilise
138,4 148,2 156,8 165 178,6 126 135,4 144,6 155,2 166,4 179,2
" N Table 1
With solids Dimensionless numbers used in flotation hydrodynamics characterization.
Hertz 16,7 183 20,0 21,7 233 25,0 Parameters ‘symbol ‘Equations Interpretation Range Reference
RPM 1000 1100 1200 1300 1400 1500 Reynolds number R = neria foree S %1072 10° (Mavros, 1992)
Consumed] 7.4 3,0 116 15,0 17,8 24,0 Power number N . " o 055 (Bates et al., 1963; Harris, 1974)
Np 0,83 0,76 075 0,76 073 0,80 Air flow number . NN o o 0.002-0.2 (Arbicer ex al., 1976)
Re 89992 | 98992 | 107991 | 116990 | 125989 | 134989 DS Srapellr velocity i
Froude number » incital force ors (Reamers e al. 1955 Rodrigues et al., 2001)
Fr 1,99 2,41 2,87 337 3,91 4,49 7. @ ‘sravity force
Webe aumber we . el force (Rodrigues et al, 2001)
Mean We==5—a0 Surface tension
energy Capillary number ca a2y sous shewr fore (Chu ecal, 2019)
dissipatio Strokes number s oo 17() e it (Miettinen et al. 2010)
n 0,28 0,25 0,25 0,25 0,24 0,27 N is the impeller rotation speed (1pm), D is the impeller diameter (m), p is the pulp density (kg/m*) and , is the pulp dynamic viscosity (kg/m-s). P is the net power
Q(m3/s) 0,0003 consumption by impeller (W). Q is the volumetric gas flowrate (m®/s). ¢ is the gravitational acceleration (m/s?). is the surface tension of air/solution interface (N/m).
" _ vis the kinematic viscosity of the fluid (m?/s), y is the shear rate (s~ ") and Rq is the initial radius of fluid particle (m). Re, is the Reynolds number of the bubble, s, and p,
[Ng (Pumping) 0,0477_|=Qd/(ND"3) are densities of the particle and the liquid, respectively, and d, and d, are diameters of the particle and the bubble, respectively.
Neu (Euler) 16 =Np/Ngq
Pressure (Pa) 34839 | Ap = Neu*(N~2 D2 p)
Pressure (kPa) 35
D | 0,82826 0,756832 0,751362 0,764181 0,726058 0,795926 1,573842 1,126143 1,098728 0,943775 0,746535
enver siurry 1083355 119169,1 130002,6 1408362 1516697 1625033 97076,82 1067845 1164922 126199,9 135907,5
0,79 108335,5 0,82826
\ 119169,1 0,756832 97076,82 1,573842
_ \ 130002,6 0,751362 106784,5 1,126143
3 - 1408362 0,764181 116492,2 1,098728
S 0,77 \ 151669,7 0,726058 126199,9 0,943775
5 B 162503,3 0,795926 135907,5 0,746535
3 L} 1456152 0,866029
y =-8E-07x + 0,856 . \
R?*=0,1268
075 L
10000 100000 1000000
Reynolds number
Power vs Reynolds numbers -with solids
1,2
1,2 L]
L
11 ° .
R
5 09 *
§ 09 .
038 [ |
08 n L u
0,7
100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
mDenver ®Leeds
Power vs Reynolds numbers -with solids
1,2
~.
5 11 ‘- y=-7E-06x + 1,8981
2 o~ R?=0,958
10 ~.
c ...
: 09 ~.e
<038 WY = -8E-07x +0,8566
TTm  ®————— g=01268
07 L]
100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
B Denver  ® Leeds — Linear(Denver) — - - Linear (Leeds)

0,866029
145615,2
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\Water Density (kg 1000|Step 3
Diameter (m) 0,074

Dynamic viscosity, n I
(Pa.s)

https://wiki.anton-paar.com/za-en/water,

[ 0,001024 |@ 27 deg

Leeds empty (W)

Impeller speed (r|
Time (min)

Averages (W)

With water only

1000

Hertz 16,67 18,33 20 21,67 23,33 25
RPM 1000 1100 1200 1300 1400 1500
Consumed 10,2 16,0 18,6 23,2 25,8 30,0
Np 1,01 1,19 1,06 1,04 0,93 0,88
Re 88587 97408 106283 115158 | 123979 | 132854
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean energy
issipati 0,34 0,40 0,35 0,35 0,31 0,29
Q (m3/s) 0,0002 0,0002
Ng (Pumping) 0,03 0,02 |=Qd/(ND"3)
Neu (Euler) 39 48 |=Np/Ng
Pressure (Pa) 85963 142043 | Ap = Neu*(NA2 DA2 p)
Pressure (kPa) 86 142
Leeds
13
12 .

Power number

y =-5E-06x +1,5337
R?=0,5023

100000
Reynolds number

1000000

Step 1

8

Water Ma| 3

Solids SG 2,65
16,7
Slurry Den{ 1116

Power number
°
©

0,6
10000

y = -4E-06x + 1,4392
R?=0,435

100000
Reynolds number

With solids
Hertz 16,7 18,3 20,0 21,7 23,3 25,0
RPM 1000 1100 1200 1300 1400 1500
[« 11,0 17,4 20,2 254 28,8 33,0
Np 0,97 1,16 1,03 1,02 0,93 0,87
Re 98841 108725 | 118609 | 128493 | 138378 [ 148262
Fr 2,09 2,53 3,01 3,53 4,09 4,70
Mean
energy
dissipatio
n 0,32 0,39 0,34 0,34 0,31 0,29
Q (m3/s) 0,0003 0,0002
Ng (Pumping) 0,04 0,03 [=Qd/(ND"3)
Neu (Euler) 28 35 | =Np/Ng
Pressure (Pa) 69118 117056 | Ap = Neu*(NA2 DA2 p)
Pressure (kPa) 69 117
Leeds

1000000

0,973279
119011,7

1,158013
130862,9
119011,7
130862,9
142785,5
154708,1
166559,3
178481,8

1,034935 1,023077 0,9296078 0,865656
142785,5 154708,1 166559,25 178481,8
0,973279
1,158013
1,034935
1,023077
0,929608
0,865656

106643,5
117263,1
127946,6
138630,1
149249,7
159933,3

1,007163823 1,188336 1,063481 1,042841 0,929356 0,878229
106643,497 117263,1 127946,6 138630,1 149249,7 159933,3

1,007163823
1,188336217

1,06348092
1,042840758
0,929356274
0,878229405
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Solids SG 2,65
Water Density (kg 1000(Step 2 Dynamic viscosity, n | | https://wiki.anton-paar.com/za-en/water, Water Mas| 3 16,7
Diameter (m) 0,070 (Pa.s) I 0,001024 I@ 27 deg Step 1 g 9,81 Step 3 Slurry Den|{ 1116
Leeds empty (W)
Impeller speed (r] 1000
Time (min) 1000 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
0-1 Stabilise | Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise Stabilise | Stabilise | Stabilise | Stabilise | Stabilise [ Stabilise
Averages 119 125,6 131 141,2 147,8 156,4 138,8 145,8 158,2 163,8 176,4 126,8 136,8 146,8 156 166,2 178,2
. . . Table 1
With water only With solids Dimensionless numbers used in flotation hydrodynamics characterization.
Hertz 16,7 183 20,0 21,7 233 250 Hertz 16,7 183 20,0 21,7 233 25,0 Paramerers Symbol Equations Interprecation Range Reference
RPM 1000 1100 1200 1300 1400 1500 RPM 1000 1100 1200 1300 1400 1500 Reynolds number Re o PN ‘inertial force 5 % 10°2 % 10° (Mavros, 1992)
Consumed 10,6 13,2 14,8 17,0 16,0 20,0 Consumed| 7,8 11,2 15,8 14,8 18,4 21,8 — . < © oss (e el 1965, i 1975
Np 1,32 1,24 1,07 0,97 073 074 Np 0,87 0,94 1,02 0,75 0,75 0,72 b o number N i @ Tl Tores eonon e e 1070
Re 80640 88704 96768 104832 112896 120960 Re 89992 98992 107991 116990 125989 134989 Froude number . Ne = 5ps @ impeller velocity ors (Rramers et . 1955: Rodsisues ot al, 2001)
Fr 1,99 2,41 2,87 3,37 3,91 4,49 Fr 1,99 2,41 2,87 337 3,91 4,49 7. @ eravity force N
Weber number we [ inenial force - (Rodrigues et al., 2001)
Mean We==5—a0 Surface tension
energy Capillary number ca ca- 0 ) sous shewr fore (Chu ecal, 2019)
Mean energy dissipatio Strokes number s or=18(®) sn a2 e (Miewtinen e al., 2010)
issipati 0,44 0,41 0,36 0,32 0,24 0,25 n 0,29 0,31 0,34 0,25 0,25 0,24 N is the impeller rotation speed (rpm), D is the impeller diameter (m), p s the pulp density (kg/m®) and y, is the pulp dynamic viscosity (kg/m-s). P is the net power
Qd (m3/s) 0,0002 Q (m3/s) 0,0003 consumption by impeller (W). Q; is the volumetric gas flowrate (m®/s). ¢ is the gravitational acceleration (m/5?). is the surface tension of air/solution interface (N/m).
- _ - _ vis the kinematic viscosity of the fluid (m?/s), y is the shear rate (s~ ") and Rq is the initial radius of fluid particle (m). Re, is the Reynolds number of the bubble, s, and p,
Ng (Pumping) 0,0281 |=Qd/(ND"3) [Ng (Pumping) 0,0477_|=Qd/(ND"3) are densities of the particle and the liquid, respectively, and d, and d, are diameters of the particle and the bubble, respectively.
Neu (Euler) 38 =Np/Ng Neu (Euler) 21 =Np/Ngq
Pressure (Pa) 75562 | Ap = Neu*(NA2 DA2 p) Pressure (Pa) 47453 | Ap = Neu*(NA2 DA2 p)
Pressure (kPa) 76 Pressure (kPa) 47
Denver
Denver slurry 0,873031 0,941836 1,023407 0,753992 0,750531 0,722966 1324025 1,238758 1,069814 0,966517 0,728327
14 0,79 v 108335,5 119169,1 130002,6 140836,2 151669,7 162503,3 97076,82 106784,5 116492,2 126199,9 135907,5
13 1 .
12 ’\ N | 1083355 0,873031 97076,82 1,324025
i; 11 ' 2 . 119169,1 0,941836 106784,5 1,238758
ED '\. 5. | 130002,6 1,023407 116492,2 1,069814
EP » 5 . 140836,2 0,753992 126199,9 0,966517
8 \ K | 151669,7 0,750531 135907,5 0,728327
08 |y = 2E05x+2,6376 B y = -SE-06x + 14135 . 1625033 0,722966 145615,2 0,740196
0,7 R?=0,9601 L4 R? = 0,4897 .|
0,6 0,75 .
10000 100000 1000000 10000 100000 1000000
Reynolds number Reynolds number
Power vs Reynolds numbers - No solids
13 Power vs Reynolds numbers -with solids
. 12 11
211 1,0 L]
210 $10
g E 09
209 -05x + 2,6376 27
_ 509
* 08 R = 0,91 g o
[ [ ] &Y
3 08 ] u
100000 105000 110000 115000 120000 125000 0,7 ]
Reynolds number 100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
W Denver @ Lleeds —— Linear (Denver) — - - Linear (Leeds)
MDenver ® Leeds
Power vs Reynolds numbers - No solids
13 Power vs Reynolds numbers -with solids
12 11
é 1,1 10 .
2 10 810
g 509
209 -05x + 2,6376 €
e R=03 g oo
o n &0t SE-06x + 1,4135
L] y = -5E-06x + 1,
07 08 L u R?=0,4897
100000 105000 110000 115000 120000 125000 07
Reynolds number 100000 110000 120000 130000 140000 150000 160000 170000 180000
Reynolds number
W Denver @ Lleeds — Linear (Denver) — - - Linear (Leeds)
W Denver @ Leeds ——Linear(Denver) — - - Linear (Leeds)

0,740196
145615,2
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