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Summary

* This document presents comparisons between
KaeMix Student predictions and literature
examples for the following:

" Power numbers

= Blending M-Scale

= Blend Time

= Gas dispersion

= Liquid dispersion

= Solids suspension

= Cavern size prediction

* KaeMix verification files are provided

e KaeMix Student predictions generally match the
literature examples well
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KaeMix Verification Files

* Blending M-Scale: KM-Verify-Blending-MScale.kaemix
* Blend time: KM-Verify-BlendTime.kaemix

* Cavern size: KM-Verify-CavernSize-YieldStress-Fluid.kaemix

* Gas dispersion Pg/Pu: KM-Verify-GasDispersion-Middleton-Smith.kaemix
* Gas dispersion, flooding: KM-Verify-Gas-Flooding.kaemix

* Gas dispersion Pg/Pu: KM-Verify-Gas-Power-PgPu-Rushton-Smith.kaemix

* Po PBT: KM-Verify-Power-Number-PBT.kaemix
* Po Rushton: KM-Verify-Power-Number-Rushton.kaemix

* Po Straight Blade: KM-Verify-Power-Number-StraightBlade.kaemix
* Po Straight Blade H/D=1/8: KM-Verify-Power-Number-StraightBlade-1_8.kaemix
* Solids, suspension, comparison: KM-Verify-Solids-Njs-LanzafameKehn.kaemix
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Open Examples

Open Verification Files...

* Solids suspension, cloud height: KM-Verify-Solids-CloudHeight-2Impellers.kaemix
* Solids, gassed suspension: KM-Verify-GassedSolids-Frijlink-Correlation.kaemix
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Power Nu

mber

FILES:

* Po PBT: KM-Verify-Power-
Number-PBT.kaemix

* Po Rushton: KM-Verify-Power-
Number-Rushton.kaemix

* Po Straight Blade: KM-Verify-

Power-Number-

StraightBlade.kaemix

* Po Straight Blade H/D=1/8: KM-
Verify-Power-Number-
StraightBlade-1_8.kaemix
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Liquid Blending. M-Scale: 0.8/10. Turbulent. Blendtime: 00:04:53 h:m:s.

Design 1/16 ‘@ Duplicate % New E¥ Delete Move: T Top T Up + Down ¥ Bottom Sort: 3¢~ &b~ RPM: 6 Tag: RT -6 blade - H/D=1/! Comment: Re = 1.0E5-Po =55 -Ng =075
ID ‘ CD‘ Vessel| T(m)| Z(m)| \ (m3)| Bottom| Top‘ Impeller‘ RPM| P(kW)| Motor (kW'J| Load (96)| Blend Time| Nfst‘ M—Scale‘ Multiphase | Tag ‘ Comment
1 v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 5.5E-03 10 0% 00:04:53 0.8/10 RT - 6 blade - H/D=1/5 Re = 1.0E5 -Po = 5.5 -Ng =075
2 v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 5.3E-03 10 0% 00:04:53 0.8/10 Re = 1.0E4 - Po = 5.29 - Ng = 0.743
3 v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 4.7E-03 10 0% 00:07:43 0.7/10 Re = 2.0E3 - Po = 469 - Nq = 0.673
4 vy Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 4.3E-03 10 0% 00:13:15 0.6/10 Re = 1.0E3 - Po = 4.28 - Ng = 0.622
5 v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 42E-03 10 0% 00:16:32 0.6/10 Re = 800 - Po = 4.15 - Ng = 0.602
5] v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 4.0E-03 10 0% 00:22:35 0.6/10 Re =600 - Po =399 - Ng=0.574
7 v Cylindrical 2.00 2.00 6.2832 Flat Flat RDT 6.0 3.8E-03 10 0% 00:36:24 0.6/10 Re =400 - Po = 3.87 - Ng = 0531
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Power Number vs. Reynolds Number
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Blending — M-Scale (1/4

* File: KM-Verify-Blending-MScale.kaemix
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Liquid Blending. M-Scale: 6.4/10. Transitional. Blendtime: 00:04:46 h:m:s.

Design 1/6 ‘i Duplicate B New E” Delete Move: T Top 1 Up ¥ Down ¥ Bottom Sort: S4- &~ RPM: 1842  Tag: Hicks Calc Example - S Comment: Hicks 1976, page 105. SA=6.4

ID @ Vessel T (m) Z (m) Vi(m?)|  Bottom Top Impeller RPM| P (kw) Motor (kW) Load (%)| Blend Time| N/N;| M-Scale| Multiphase| Tag Comment

1 "  Cylindrical 2.89 2.89 18.927 Flat Open PBT 1842 225 244 92%  00:04:46 6.4/10 Hicks Calc Example - SA=6 Hicks 1976, page 105. SA=6.4

2 v  Cylindrical 3.51 4.15 37.811 ASME Open PBT 84.0 1.63 2.24 73%  01:01:30 1.2/10 Hicks Example 1 -5A=1 Hicks 1976, page 109. Example 1. SA=
3 ¥4 Cylindrical 244 4.21 18.912 ASME ASME PBT 125.0 4.6 5.59 82% 00:14:10 25/10 Hicks Example 2 - SA=3 Hicks 1976, page 109. Example 2. SA=
4 «  Cylindrical 1.52 2.26 3.9437 Dish Dish PBT 125.0 21.35 29.8 72%  00:12:02 13.5/10 Hicks Example 3 Init - SA..  Hicks 1976, page 109. Example 3 Init. §
5 «  Cylindrical 4.00 3.98 50 Flat Flat HEF 45.0 1.18 1.5 79%  00:04:31 3.4/10 Fasano HF-N - SA=3 Fasano 1994 HE3. Article 3rd page bel
6 Cylindrical 4.00 3.98 50 Flat Flat PBT 45.0 1.22 1.5 81%  00:09:48 2.0/10 Fasano PBT - SA =2 Fasano 1994 PBT. Article 3rd page beld
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Blending — M-Scale (2/4

Hicks, Morton, Fenic (1976) - Example Page 125

Volume

Specific Gravity

Viscosity
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PBT Diameter

Drive

Speed

Scale of Agitation - Article
M-Scale - KaeMix
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5000 Gallon

1

5000 cP

113.7 Inch

Flat

34.61 inch

32.7 HP

184.2 RPM

6

5.8 - Matches article
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Analysis of power/speed relationship for turbine agitators

A 5,000-gal reactor will be used to agitate a fluid that
has a specific gravity of 1.0 and a viscosity of 5,000 cp.
What is the size of the agitator that will give a dynamic
response corresponding to a bulk fluid velocity of 36
ft/min? What will be the required power and speed for
such an agitator?

Let us start by assuming that the batch in the reactor
occupies a depth that is equal to the diameter of the
reactor. (This procedure is equally applicable to other
batch shapes. We have chosen a batch whose liquid depth
is the same as the diameter of the tank because this is the
basis of Tables II and IIL)

We calculate the tank (i.e., reactor) diameter, 7, and
liquid depth, Z, from the volume relation:

V = a(T/2)2Z

Since V is given as gal, we multiply the righthand side of
the equation by 7.50 gal/ft3. Since 7 must equal Z, we
find:

5,000 = 7(7/2)*T(7.50)
T =947 ft

Next, we calculate the horizontal cross-sectional area of
the tank from 7(7/2)? and find it to be 70.4 ft2

To calculate the effective pumping capacity, Q, of the
impeller so as to generate a bulk fluid velocity of 36 ft/min
in the vessel, we substitute in:

Q=ud
Q =36 X 70.4 = 2,534 ft3/min

This value of Q will stay fixed throughout the calculation.

It is now necessary to pick a D/T ratio (i.e., turbine
diameter to tank diameter). Typical values for this ratio
range between 0.2 to 0.6. For this example, we pick a
midrange value of 0.3. Hence, the impeller diameter be-
comes:

D = 9.47(0.3)(12) = 34.09 in

From Fig. 2, we must establish a pumping number, Ny,
for this geometry. Since we do not yet know the impeller’s
rotative speed, we cannot calculate its Reynolds number.
Therefore, we make another assumption that agitation
occurs under fully turbulent conditions. From Fig. 2, we
find NQ =08 for-D/T-=03;

To make the first trial calculation of the impeller speed,
we substitute in the expression for the pumping number:

Ny = Q/ND?
where Q is effective pumping capacity, ft®/min; N is
impeller speed, rpm; D is impeller diameter, ft. Substitut-
ing the appropriate values and rearranging, we find the
impeller speed as:
N = 2,534/(0.8)(34.09/12)3 = 138.2 rpm

We substitute into Eq. (3) in order to check the agree-
ment between the impeller’s Reynolds number and the
pumping number:

_ 10.7(1.0)(138.2)(34.09)>

3]
e 5,000

From Fig. 2, we find that an N, of 344 does not match

an Nq = 0.8 for a D/T ratio of 0.3. We must now make a
second trial calculation using revised assumptions.

Based on the previously calculated N, = 344, we pick
an Ny = 0.55 for D/T = 0.3. The second trial calculation
of impeller speed yields:

N = 2,534/(0.55)(34.09/12)° = 201 rpm _

For a speed of 201 rpm, the impeller’s Reynolds number
becomes:

_ 10.7(1.0)(201)(34.09 _

Nee 5,000

500
Agreement between an Ny = 0.55 and an Np, = 500
fora D/T = 0.3 on Fig. 2 is reasonable. Can it be im-
proved with a third trial?
Using an Np, = 500 from the second trial, we now pick
an N, = 0.60 from Fig. 2 for a D/T = 0.3. The third trial
calculation of impeller speed yields:

N = 2,534/(0.6)(34.09/12)3 = 184.2 rpm

For a speed of 184.2 rpm, the impeller’s Reynolds num-
ber becomes:

_ 10.7(1.0)(184.2)(34.09)2 _ o
= 5,000 =

For a Reynolds number of 458 and D/T = 0.3, we find
Ny = 0.60 from Fig. 2. Agreement is good. Trial-and-error
1terations can StOP.

Since we have now established the speed at which a
pitched-blade turbine must operate for this example, we
must next determine the power necessary to rotate it. By
using Eq. (2) and the data from Table V, we can compute
the required horsepower. From Table V, we obtain the
viscosity correction factor, Cp, for an impeller Ny, = 458
as 0.985. Hence, the corrected turbine diameter, Dy, is
computed from Eq. (4) as:

Dy = 34.09/0.985 = 34.61 in

By substituting into Eq. (2) and rearranging, we calcu-
late impeller power, H,,, as:

H, = (34.61/394)%(1)(1)(184.2)° = 32.7 hp

Ny, 8

Thus, in this application where a bulk fluid velocity of
36 ft/min is specified, we need an agitator drive of 32.7 hp
rotating the impeller shaft at 184.2 rpm for an initial
assumed value of D/T = 0.3.

Calculations at other D/T ratios will yield other agita-
tor speeds and the prime-mover power associated with
these speeds. The speeds that result from these assump-
tions of D/T may or may not be AGMA* speeds (230,190,
155, 125, 100, 84, 68, 56, 45, 37 rpm, etc.). The corre-
sponding horsepowers also may be or not be available as
standards (10, 15, 20, 25, 30, 40 hp). It is normal engineer-
ing practice to select speeds and horsepowers closest to
standard sizes. Thus, it is far more practical to begin with
commercially available prime-mover powers and speeds,
and to calculate the bulk fluid velocity that will be pro-
duced in various volumes and viscosities. These agitator
selections can then be put into a volume, viscosity, bulk-
fluid-velocity matrix (Tables II and III) for ease of appli-
cation.

*American Gear Manufacturers Assn.




Blending — M-Scale (3/4)

Hicks, Morton, Fenic (1976) — Example Page 109
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10000 Gallon

1.05

4900 cP
138 inch
144 inch
ASME

4 Standard
1

32 inch

3 HP

84 RPM
1

1.2 - Matches

article

5000 Gallon

1.3

5000 cP
96 inch
150 inch
ASME
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2

26 inch
7.5 HP

125 RPM
3
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article
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1042 Gallon
0.95
25000 cP
60 inch

96 inch
Dished
None

2

36 inch

40 HP

125 RPM
10

9.7 > Matches
article

System
Vessel

Nozzle or mounting height, in

Type
Top h“d{ Depth, in
Diameter, T, in
Straight side, in

T
Bottom hud*ov':h "

Overall height, in
Fluid batch
Bottom head,
Capacity, gal
Depth, in
Straight side,
Capacity, gal
Depth, in
Total,
Capacity, V, gal
Depth, Z, in
Ratio, Z/T
Specific gravity, S,
Viscosity, u, cp
Equivalent volume, V.q, gal

Scale of agitation
Initial
Alternate
Power and shaft speed
Initial selections, hp/rpm
1
2
3.
4,
Alternate selections, hp/rpm
3
£4
3.
4,

Equipment selection
Number of turbines
Turbine, blade type
Bottom clearance,

Lower turbine, in
Upper turbine, in
Shaft length, L, in
Turbine spacing, S, in
Turbine diameter, D, in
Initial selections
1
2
3.
4,
Alternate selections
s
2.
3.
4.
Baffles
Number
Location, °
Width, in
Length, in

Example 1 Example 2 Example 3
Fig. 4a Fig. 4b Fig. 4c
12 6 6
Flat ASME Dished
0 16 8
138 96 60
144 150 96
ASME ASME Dished
24 16 8
180 188 118
926 max. 314 max. 314 min, 52 max.
24 max. 16 max. 16 min. 8 max.
9,074 max. 4,686 max. 2,632 min, 990 max,
140 max. 150 max. 84 min. 81 max.
|1 0,000 max. 5,000 max. 2,946 min. 1,042 mnxl
164 max. 176 max. 100 min. 89 max.
1.19 max. X i
1.05 1.3 0.95
4,900 5,000 25,000
6,500 990
s 3 0 |
— 7
I 3/84 7.5/125 40/125
- 5/100 30/100
- 5/84 -
- 3/56 -
- - 25/156
- - 15/84
PICTeS Lt
(1/3)Z = 55 T/3-=32 T/3=20
- (2/3)Z2 =111 (2/3)Z = 59
125 156 928
- 79 39
I 32 26 36 I
- 27
- 30 -
= 34 =
- - 28
= - 37
4 4 None
90 90 -
1.5 8 -
144 150 -
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Fasano, Bakker, Penney (1994)
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50 m3

1.0

1000 mPa.s
4m

4m

Flat

4 Standard
1

1.154 m
1.5 kW

45 RPM
2

2.0 - Matches article

50 m3

1.0

1000 mPa.s
4m

4 m

Flat

4 Standard
1

1.558 m
1.5 kW

45 RPM
3

3.4 > Matches article
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Maxi all dZiT [~ 22 Power number for impellers as a funclion of D/T
Fourbladed, | Fourbladed : oT=13
Neo Shemooyl | S den. | ket ol
o i 15
impeller impeller ’ Four-laded. piiched impeller
Single | Dual | Single | Dual | Single | Dual Np =
10~ 100 09| 17 08 |15 06 |12 1.0
100 - 1,000 131 21 09 | 1.6 06 |12 [
1,000-10,000| 14 | 23 11 |18 07 |14 050 g | Ry |
_Three-dladed, high efficiency (HE-3) pitchad Impelier
> 10,000 15| 24 12 | 1.9 08 |16 — —
Far single impellees: Z6 < € < Z02; Standard € = 2 0.0 I ) ! ! Lol
For dual impellers:  ZI8 < C s 3Z/8; Z/2 < C + § < 32/4; Standard € = 107 100 10¢ 10° 10
703, C+ S = 2283
Reynolde number
TABLE 2. The maximum allowed Z/T" values vary, depending on ~0T=02 ==DT=03 =—DT<04 —DT«05
whether the agitators have single or dual impellers

The characteristic velocity can be ex-
pressed as:

vt o N,ND{ 2| )
\7%)

This characteristic velocity scales
geometrically and becomes

C... The uniformity usually increases
according to an exponential function:
Uy =1-¢4! a0

where k_ is the mixing-rate constant.
The above equation can be rearranged
to yield an equation {or the blend time

For

most turbine applications, re-
placing a pitched-blade impeller with a as
high-efficiency unit results in a signifi-
cant improvement in the degree of agi-
tation intensity. For example, a 1.5-kW S35
agitator operating at a shaft speed of [ o | 2%
0.75 rotations/s (45 rpm) in a 50-m? | ges | 21
square-batch (Z/T = 1) vessel equipped
with a 1.558-m-dia. high-efficiency im- fme muxingrete con-
peller provides S, of just above 3in a 1-
Pa.s wviscosity fluid. In contrast, a [.echerome .
1.154-m-dia. pitched-blade impeller in

a certain degree of

0.272 1.67

frbulent flow regimes

The blend time for

hger than that with a
or

the same batch vessel draws the same fummary
ower to produce S, of just above 2 il
p & p A J & laded | Piiched-
1 blade
The thime required 10 achieve a certain impoeller impeller
degree of uniformity after a material is
added to a tank is one of the most fre- foonanin s 148 Ul |
quently specified process require- Noa 16,689 9.377 ‘
ments. The uniformity of mixing is de- T 1.00 1.00
fined as “
(a0 N 208 370
. [aCO]
et ACID" .] o2 s 265 250
Here AC is the deviation from the av- X 200 9
erage tank concentration, denoted by I 1.06 113
togins 320 483

FIGURE 3. When called upon to load an ag-
itator impeller to a given power level, one
canuse Eq 210 the requi
diameter of the impeller from the power
number

For certain applications, such as
acid-base neutralizations, it is desir-
able to predict the maximum and mini-
mum concentrations at some time ¢
The following equations are obtained
from rearrangements of the definition
of the degree of mixing uniformity, and
can be used to estimate the maximum
and minimum concentrations at a gpec-
ified time t.

Cuin (81 =G, +{C.. - COU

Coaxlt) =C, —(C, ~C._N (12
where C (t)and C_ (¢) are the mini-
mum and maximum concentrations
anywhere in the tank at time ¢. C; and
C_ are the mitial and final concentra-
tion of the added material in the bulk
fluid, respectively. C, refers to the con-
centration of the material added.

The dimensionless mixing-rate con-
stant, k /N, in standard baffled tanks,
is a function of impeller Reynolds num-
ber (Np.) and geometry, When Np >
10,000, %, /N is only a function of geom-
etry, and is independent of Ny . For
fully turbulent conditions in standard
baffled tanks, k, can be determined ex-
perimentally from N, D, T and Z using
the following relationship:

T

&, = aN| “1 = 13
TilZ

The constants a and b are provided
in Table 3, as a function of impeller
style in the turbulent range (Ng,
>10,000).

Unless otherwise specified, blend
times generally refer to the time re-
quired to achieve 99% uniformity and

10
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Project Notes

ID 1-2 Blend Time

Article: blend time Tb-99% with PBT should be 50% higher than for HF-N.
KaeMix Tb-99% HF-N = 1:52. PBT = 2:51. Blend time PBT is 53% longer than with HF-N.

Design 2/2 ‘@ Duplicate B8 New BE" Delete Move: T Top 1 Up + Down ¥ Bottom Sort: 54~ &~ RPM: 67.3 Tag: PBT D/T=0.222 Comment: Th-99% = 00:02:51

D | CD‘ Vessel‘ T (m)| Z{m)‘ \ (m3}| Bottom| Top| Impeller| RPM‘ P (kW)‘ Motor (kW)‘ Load {%}| Blend Time| N,'Nj,| M—Scale| Multiphase| Tag Comment
1 v Cylindrical 4.00 4.00 50.265 Flat Open HEF 67.8 1.02 2.0 51% 00:02:50 2.5/10 HF-N D/T=0.297 Article: Tb-99% = 00:01:54. KaeMix = O}
2 «  Cylindrical 4.00 4.00 50.265 Flat Open PBT 67.8 111 20 55%  00:04:17 1.6/10 PBT D/T=0.222 Tb-99% = 00:02:51

© 2025 KaeMix LLC KaeMix Student Verification Guide



Blend Time (2/2)

Fasano, Bakker, Penney (1994)

Case 1 -Blend Time High Efficiency

Density

Viscosity

T=Z

Bottom

Baffles

Impeller Diameter
Speed

Blend Time tqg 1,
(Article)

KaeMix tog b

© 2025 KaeMix LLC

1050 kg/m?3
100 mPa.s
4 m

Flat

4 Standard
1.186 m
67.8 RPM

00:01:54 (h:m:s)
(114 s)

00:01:53 (h:m:s)

1050 kg/m?3
100 mPa.s
4 m

Flat

4 Standard
0.889 m
67.8 RPM

00:02:51 (h:m:s)
(171 s)

00:02:51 (h:m:s)

Case Study 1

A 4-m-dia. tank with a flat bottom con-
tains liquid to a depth of 4 m. The lig-
uid in the tank has a viscosity of 100
mPa.s, and a density of 1,050 kg/m3.

The tank can be fitted
with an agitator rotating at 1.13 s
(67.8 rpm). The agitator can be either a
0.889-m-dia., 45-deg pitched-blade im-
peller, or a 1.186-m-dia. high-efficiency
impeller, both drawing the same
power. The object is to estimate the
time required to achieve a 99% unifor-
mity for each impeller type.
The solution summarized in Table 4

KaeMix Student Verification Guide

Solution summary
for Case Study 1
Three-bladed | Pitched-
high-efficiency | blade
impeller impeller
99 urb N S 114 171
Npe 16,689 9,377
12




Gas Dispersion (1/5

* Files: KM-Verify-Gas-Flooding.kaemix, KM-Verify-Gas-Power-PgPu-Rushton-Smith.kaemix,
KM-Verify-GasDispersion-Middleton-Smith.kaemix

| KaeMix Student

FILE SEND EDIT PROCESS DESIGN PERFORMANCE CREATE TOOLS SETTINGS WINDOW  HELP

& Open HSave [Filelnfo 92 0 @ & uUnits - 08 B W = & & /M Quick Agitator Design & Copy Drawing & Scale-Up % Reposition & Load Motor & Speed @ Standard Speed =i Resize U Refresh

Design IVesseI 1 Process} Liquids 1 Drive 1 Impellersl Baffles I Solids ‘ Gas Flnwl Sparger File Info Drawing 1 Results 1 Report I Loads I Elendingl Suspensinn} Gas Dispersinn} Power 1 Dimensinnlessl Guides I

Liquid Blending. M-Scale: 4.0/10. Turbulent. Blendtime: 00:00:50 h:m:s.
HProject Name j ‘Verify Flooding Prediction Rushton & Smith Impeller Gas Dispersion. Flooded (0/4). ka: 0.044 1/s

‘Company j ‘KaeMix LLC, 2022 //"7 -\\
‘Reference j ‘Bakker (1994) How to Disperse Gases in Liquids - -
\ N

\ N
\ EN

Project Notes

Case study in article.

Rushton impeller system is flooded and the Smith impeller system is dispersing, as in the article’s

example

- L

Design 1/2 “# Duplicate %8 New B¥ Delete Move: T Top 1 Up ¥ Down ¥ Bottom Sort: B4~ G- RPM: 67.8 Tag: Comment: Flooded
D @ Vessel T(m) Z(m) V,(m®)|  Bottom Top Impeller RPM| P (kW)| Motor (kW)| Load (%) Blend Time| N/N,| M-Scale| Multiphase | Tag Comment
1 Cylindrical 200 2.00 5.8643 Ellipse Ellipse RDT 67.8 1.54 3.0 51% 00:00:42 4.0/10 Yeirdedy Flooded
2 «  Cylindrical 2.00 2.00 5.8643 Ellipse Ellipse SDT 67.8 137 30 46%  00:00:43 42/10 kel Dispersing

© 2025 KaeMix LLC KaeMix Student Verification Guide



Gas Dispersion (2/5)

Bakker, Smith, Myers (1994)

Impeller Diameter D
Speed

Vessel Diameter T
Viscosity

Density

Qg

Fl; =Ny,

Fr=N

Article flow regime
KaeMix flow regime
Article Power Draw

KaeMix Power Draw

* KaeMlix uses Smith Po = 2.8 instead of 3.2 as in the article. Smith Po is D/T dependent and 3.2 is
for D/T <0.25. For the intermediate to larger D/T in industrial reactors Po = 2.8 is more

0.80 m
1.13 rev/s
20m

1 mPa.s
1000 kg/m3
0.12 m3/s
0.21

0.10
Flooded
Flooded
1540 W
1538 W

0.84 m
1.13 rev/s
20m

1 mPa.s
1000 kg/m3
0.12 m3/s
0.18

0.12
Dispersing
Dispersing
1540 W
1369 W*

appropriate. This is the reason for the difference in predicted power draw
KaeMix Student Verification Guide 14
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MAKEUP OF A REACTOR
Parameters Values

20m
0.80m
1.13s7!
0.12m3/s
0.001 Pa-s
1,000 kg/m?
0.21
0.10

-

2R°TpEY

CASE STUDY

Problem: A recently built reactor, equipped with a flat-blade disc turbine, does not satisfy
the process requirements. By examining the liquid surface, the operator suspects that the
gas is rising straight through the impeller to the liquid surface. In other words, the impeller
is flooded. The mass-transfer rate is usually lower when the impeller is flooded than when
it is able to completely disperse the gas. The information about the reactor is listed in
Table 4.

Solution: From Equation 3, one can calculate the aeration number at which the im-
peller is flooded. For the present example, Njg=0.13. The impeller operates at Ny=
0.21, which is significantly greater than the aeration number at which the flat-blade turbine
is flooded. This confirms the suspicion of the operator that the impeller is flooded. The
flooding can also be anticipated from the flow regime map in Figure 7. Poor gas disper-
sion is most likely the cause of the unsatisfactory performance of the reactor.

To prevent the impeller from flooding, the gas flowrate can be decreased. However, this
is undesirable because reduced gas flowrate leads to a lower mass-transfer rate. There-
fore, it is decided to replace the flat-blade turbine with a concave-blade turbine that can
handle larger gas flowrates. The gassed power draw of the flat-blade turbine is calculated
with Equation 9 to be 1,540 W

At the given gassing rate, a 0.84-m-dia. concave-blade turbine turns out to draw the
same power. Recalculating the aeration number and the Froude number shows that this
impeller is not flooded: Ne= 0.12; and N, at 0.18 is less than Ny g at 0.37. Thus, replac-
ing the 0.80-m flat-blade turbine with a 0.84 m concave-blade turbine solves the flooding
problems in the reactor. 0




Gas Dispersion (3/5)

P./P,

0.8

0.6

0.4

0.2

© 2025 KaeMix LLC

Pg/Pu curves predicted by KaeMix compared to literature

Smith Turbine

Rushton Turbine

. Bakker, Smith, Myers (1994)

(on.mve blu&e impeller (CD-6)

Froude Number = 0.5

Flat blade impeller

Froude number = 0.5

0.05 0.1 0.15 F|
KaeMix Student Verification Guide g

0.2
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Gas Dispersion (4/5)

* Middleton and Smith, Example 11-1:
Power Draw of an Agitated Reactor

Filename: KM-Verify-GasDispersion-
Middleton-Smith.kaemix

KaeMix results match the Example
calculations

In order to get a Po=5 in KaeMix use a
Rushton turbine with W/D=0.182
Result for RPD = P,/P,;:

= Example: RPD = 0.854

= KaeMix: P,/P, = 0.876 (matches well)

-l

Example 11-1: Power Draw of an Agitated Reactor. A 5 m* vessel (177 ft* or
1320 gal) has an impeller 0.52 m (1.7 ft) in diameter and an ungassed power
number of 5.0 driven at 42 rpm in water (density 62.4 1b/ft* and viscosity 1 ¢P).
What is the ungassed power draw of this impeller? (Ans. 65.2 W.) If the gas flow

KaeMix Drawing

© 2025 KaeMix LLC

number is 0.04, what is the gassed power demand? (Ans. 55.7 W.)

Table 11-5

Name SI Value SI Unit
N 0.7 s~ !

D 0.52 m

T 1.3 m

H 3.77 m

\% 5 m>
Po 5

Flg 0.04

Qg 0.00394 m3/s
Fr 0.026

RPD 0.854

Re 189 000

Py 65.2 W

Pg 55.7 W

g 0.81 m/s?
oL 1000 kg/m?
LT 0.001 Pa-s

KaeMix Student Verification Guide
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Gas Dispersion (5/5)

Middleton and Smith, Example 11-2:
Power Draw of a Large Fermenter

Filename: KM-Verify-GasDispersion-
Middleton-Smith.kaemix

KaeMix results match the Example
calculations

In order to get a Po=5 in KaeMix use a
Rushton turbine with W/D=0.182

In order to get a Po=1 in KaeMlix use
HFoil-X-Wide with 4 blades
Result for speed to get 0.6 W/kg:

* Example: N =2.11rev/s

e KaeMix: N =2.06 rev/s (matches
well)

© 2025 KaeMix LLC

KaeMix Drawing

KaeMix Student Verification Guide

Example 11-2: Power Demand of a Large Fermenter. The agitator in a 20 m’
fermenter agitator is to have a lower dispersing impeller (Po, = 5.0) surmounted
by a wide-blade hydrotoil, (Po; = 1.0). The fermenter height is twice the tank
diameter and the hydrofoil impeller is to be 40% of the tank diameter. When
aerated, the lower impeller is expected to have an RPD of 0.7 and the upper
impeller an RPD of 0.9. It is desired that the same energy should be transferred
to the liquid from each impeller. What should be the diameter of the dispers-
ing turbine? At what speed can the assembly be driven if the specific gassed
power input is to be limited to 0.6 kW/m? (3 hp per 1000 gal)? See Example 11-1
for physical properties.

Table 11-6

Name SI Value SI Unit
\% 20 m?>

T 2.34 m

H 4.67 m
D, 0.934 m
D> 0.712 m

N 2.11 s~! or rps
PO] ]

P02 5

Pu, 6670 A\
Pu, 8570 A\
RPD, 0.9

RPD, 0.7

Pg, 6000 A\
Pg, 6000 A\
Piot 12 000 A\
Specific power 0.6 W/kg

17



Suspension — Literature Comparison (1/2

* File: KM-Verify-Solids-Njs-LanzafameKehn.kaemix

© 2025 KaeMix LLC

|§% KaeMix Student

FILE SEND EDIT PROCESS

DESIGN  PERFORMANCE

CREATE

TOOLS

SETTINGS

WINDOW  HELP

& Open FSave [EFilelnfo '?

0 G fUnits~ (8 & W % & & /M QuickAgitator Design | [@ Copy Drawing M Scale-Up % Reposition & Load Motor & Speed & Standard Speed il Resize U Refresh

Iv Solids Suspension

Solids Description |Glass Beads 121um

Solids Material

PET

Solids Density (kg/m®) ’2500—
Particle Diameter {mm) ’h
Settling Velocity ’m
Particle Free Settling Velocity (m/s) ’00157—
Hindered Settling Velocity {m/s)
Solids Weight / Mixture Weight (%) |1

Solids Weight / Liquid Weight (%)

Solids Volume / Operating Volume (%) |0.40
Mixture Density (kg/m?)
Solids Weight (kg)
Safety ’W

} Gas F|DW1 Spargerl File Im‘ul

Results

Drawing IResuIts I Report 1 Loads 1 Elendingw Suspension | Gas Dispersionl Power I Dimensionless} Guides 1

Solids Suspension. 100% Suspended. CH/Z: 81%

Liquid Blending. M-Scale: 2.9/10. Turbulent. Blendtime: 00:00:29 h:m:s.

Design 1/16 ‘@ Duplicate % New 5" Delete Move: T Top 1 Up ¥ Down i Bottom | Sort: v~ &~ RPM: 2053  Tag: 01/A310/127um/1% | Comment: Exp Njs: 205.3 RPM. KaeMix Njs: 204.0 RPM

D @® Vessel T (m) Z (m) Vi (m*)|  Bottom Top Impeller RPM| P (kw)| Motor (kW) Load (%) Blend Time| N/N;,| M-Scale| Multiphase| Tag Comment

1 v Cylindrical 045 045 0.0646 ASME Flat HF-N 2053 3.2E-03 0.10 3% 00:00:29 1.01 2.9/10 *akyr 01/A310/121um/1% Exp Njs: 205.3 RPM. KaeMix Njs: 204
2 b 4 Cylindrical 045 045 0.0646 ASME Flat PBT 186.3 3.2E-03 0.10 3% 00:00:36 0.96 1.9/10 H#r 02/PBT/121um/1% Exp Njs: 186.3 RPM. KaeMix Njs: 19
3 b 4 Cylindrical 045 045 0.0646 ASME Flat HF-N 262.2 6.8E-03 0.10 7% 00:00:23 1.03 3.7/10 H*#k v 03/A310/391um/1% Exp Njs: 262.2 RPM. KaeMix Njs: 25
4 v Cylindrical 045 045 0.0646 ASME Flat PBT 2496 7.7E-03 0.10 8% 00:00:27 1.03 2.6/10 *d#r 04/PBT/391um/1% Exp Njs: 249.6 RPM. KaeMix Njs: 24
5 v Cylindrical 045 045 0.0646 ASME Flat HF-N 2379 5.2E-03 0.10 5% 00:00:25 0.94 34/10 *dler 05/A310/121Tum/5% Exp Njs: 237.9RPM. KaeMix Njs: 25
6 b 4 Cylindrical 045 045 0.0646 ASME Flat PBT 2221 5.6E-03 0.10 6% 00:00:30 0.92 2.3/10 H#r 06/PBT/121um/5% Exp Njs: 222.1 RPM. KaeMix Njs: 24
7 b 4 Cylindrical 045 045 0.0646 ASME Flat HF-N 348.2 1.6E-02 0.10 16% 00:00:17 1.10 5.0/10 &k 07/A310/391um/5% Exp Njs: 348.2 RPM. KaeMix Njs: 31

KaeMix Student Verification Guide
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Suspension — Literature Comparison (2/2)

COMPARING PREDICTED JUST
SUSPENDED SPEED VS
EXPERIMENTAL JUST SUSPENDED
SPEED FOR AXIAL FLOW IMPELLERS

KaeMix results vs. experimental data Lanzafame and Kehn (2022)

RPM. RPM.

A [\ is is

m dp{um) | Weight % m P° | Experimental |__KaeMix
121 7.6

IN A STIRRED VESSEL

2022 VIRTUAL NAMF ANNUAL MEETING

1 1 A310 205.3 203.8 T e
2 121 1 6.0 PBT 186.3 194.7 RICHARD KEHN—PR;‘ICIPAL ENGINEE‘R MIXING TECHNOLOéY. SPX FLOW LIGHTNIN, USA
SP FLOW Lightnin®
3 319 1 7.6 A310 262.2 254.4 500
4 319 1 6.0 PBT 249.6 2433, crermenal
+13%
5 121 5 7.6 A310 237.9 2535 = KaeMix
6 121 5 6.0 PBT 222.1 242.0 400 1
7 319 5 7.6 A310 348.2 315.8 350 e
8 319 5 6.0 PBT 316.1 301.8 " . -
| |
9 121 10 7.6 A310 254.8 283.1 al
10 121 10 6.0 PBT 239.6 270.3 250 -/'-/ .
11 319 10 7.6 A310 376.9 352.8 200 o
12 319 10 6.0 PBT 335.9 337.2
150 Comparison between KaeMix predictions
13 121 15 7.6 A310 258.3 305.9 for RPM; and experimental data from
14 121 15 6.0 PBT 240.8 292.1 100 Lanzafame and Kehn (2022). Most
15 319 15 76 A310 399.7 381.8 50 z;z:'rff]'q‘z:t;rjamh'“ 13% of the
16 319 15 6.0 PBT 353.9 365.0 o

0 50 100 150 200 250 300 350 400 450 500
© 2025 KaeMix LLC KaeMix Student Verification Guiae 19



Solids Cloud Height (1/2

* File: KM-Verify-Solids-CloudHeight-2Impellers.kaemix

[ KaeMix Student -
FILE SEND EDIT PROCESS DESIGN PERFORMANCE CREATE TOOLS SETTINGS WINDOW  HELP
& Open Hsave [EFileinfo 92 0 & funits~ (8 B @ % #& & M QuickAgitator Design [ Copy Drawing @ Scale-Up % Reposition & Load Motor & Speed & Standard Speed il Resize U Refresh
Design IVesseI \ Prccess} Liquids I Drive  Impellers lBaﬁIes \ Solids I Gas Flnw\ Spargerl File Im‘cl Drawing IResuIts I Report \ Loads \ Elending\ Suspension | Gas Dispersinnl Power I Dimensinnless} Guides \
Impellers & Edit Sets 1-4  Edit Sets 5-8 Liquid Blending. M-Scale: 2.1/10. Turbulent. Blendtime: 00:00:13 h:m:s.
M Set 1 P M Set2 = I Set3 I Set4 Solids Suspension. 100% Suspended. CH/Z: 95%
Connected To ‘Main Drive j ‘Main Drive j — —
Style ‘General j ‘General j
Type ‘HFDiI—Naerw j ‘HFuiI—Narmw j
Pump Direction ‘Down j ‘Down j
Diameter (m) [0.097 lo.0a7
q N —
Blade Width (m) ‘ ‘
Number of Blades ‘3 j ‘3 j
Blade Angle (degrees) ‘ ‘
Number of Impellers ‘1 ‘1
First Bottom Clearance (m) ‘0‘1 ‘0.39
Last Bottom Clearance {m) ‘ ‘
Note H ‘
Impeller Power Number |U.3 | |U‘3 |
Diameter / Tank Ratio (D/T) |0.334 | |0.334 |
Blade Width Ratio (W/D) | | | |
Clearance / Tank Ratio (C/T) [0.345 | [1345 | || L]
Blade Pitch / Diameter (P/D) | | |
Design 2/3 ‘# Duplicate ¥ New B Delete Move: T Top 1 Up ¥ Down s Bottom Sort 5~ &~ RPM: 480 Tag: Two Impellers 5/D = 3 Comment: CH/Z = 95%
ID @ Vessel T (m) Z(m) V,(m7)| Bottom Top Impeller RPM| P (kw)| Motor (kW) Load (%)| Blend Time| N/N; M-Scale| Multiphase Tag Comment
1 ¥4 Cylindrical 0.29 0.51 00337 Flat Flat HF-N 480.0 1.3E-03 10 0% 00:00:26 1.01 1.3/10 %4 Single Impeller CH/Z = 46%
2 ¥4 Cylindrical 0.29 0.51 0.0337 Flat Flat HF-N 480.0 2.7E-03 10 0% 00:00:13 1.01 2.1/10 *%%r Two Impellers S/D = 3.0 CH/Z = 95%
3 v Cylindrical 0.29 0.51 0.0337 Flat Flat HF-N 480.0 27E-03 10 0% 00:00:13 1.01 2.1/10 ##r Two Impellers $/D = 3.7 CH/Z = 46%

© 2025 KaeMix LLC KaeMix Student Verification Guide



g — — — — —
| — —
L ] L] I
! T —
T T T
B e AT - - . — - . .t . "‘- . — . i‘._-',,-:‘ L P Y .
(a) Experiment (b) KaeMix (c) Experiment (d) KaeMix (e) Experiment (f) KaeMix
Single impeller Single impeller Two impellers S/D = 3.0 Two impellers S/D =3.0 Two impellers S/D =3.7 Two impellers S/D = 3.7
CH/Z = 46% CH/Z =95% CH/Z = 46%

The article describes several solids suspension experiments. In one experiment, with a single impeller, see figure (a), the height of the solids cloud CH is approximately
50-60% of the liquid level Z. For this configuration, KaeMix, figure (b) predicts CH/Z = 46%, slightly below the experiment. The dashed line indicating the cloud height in
KaeMix is highlighted here in yellow. The lower dashed line (not highlighted) is the level of the solids bed if they all were settled. With two impellers spaced apart by
S/D = 3, figure (c), the solids cloud is up to 80-90% of the liquid level. KaeMix, figure (d) predicts CH/Z = 95%. When the spacing between the impellers is increased to
S/D = 3.7, figure (e), the flow between the impellers separates and the solids cloud height drops down again. KaeMix, figure (e), predicts CH/Z = 46%, correctly
detecting that the spacing between the impellers is now too large for the solids to be distributed to the upper part of the vessel.

Reference: Bakker, Fasano, Myers (1994) Effects of Flow Pattern on the Solids Distribution in a Stirred Tank. 8" European Conference on Mixing
Notation: D = impeller diameter; S = impeller spacing; CH = cloud height; Z = liquid level.

© 2025 KaeMix LLC KaeMix Student Verification Guide 21



Gassed Solids Suspension (1/2

* File: KM-Verify-GassedSolids-Frijlink-Correlation.kaemix

ﬁ(‘ KaeMix Student

FILE SEND EDIT PROCESS DESIGN PERFORMANCE CREATE TOOLS SETTINGS WINDOW  HELP

&5 Open Fsave [HFileinfo '? O @ funits - 08 B @ % #% & /& QuickAgitator Design @ Copy Drawing & Scale-Up #i Reposition & Load Motor & Speed & Standard Speed ! Resize @ Refresh

Design IVESSE' I Process\ Liquids I Drive \ Impellers} Baffles I Solids \ Gas FlUW} Sparger File Info Drawing IResuIts \ Report I Loads \ Blendingw Suspensionl Gas Dispersion\ Power I Dimensiunless\ Guides I
Liquid Blending. M-Scale: 4.1/10. Turbulent. Blendtime: 00:00:49 h:ms.

|Project Name j ‘Verificaticn Gassed Njs Calculation Solids Suspension. 100% Suspended. CH/Z: 78%

|Company j ‘KaeMix LLC — —

|Location j ‘

|Customer j ‘

|Designer j ‘

|Manufacturer j ‘

Project Notes

Verify proper implementation correlation Frijlink et al. (1990)
Down pumper: Pojsg / Pojsu = (Njsg / Njsu)*-2
Up, radial pumper: Pojsg / Pojsu = (Njsg / Njsu)*-1.1

Design 1/34 ‘@ Duplicate | B8 New E* Delete Move: © Top 1 Up ¥ Down ¥ Bottom |Sort: %~ &~ RPM: 966 Tag: PBT Ungassed Down | Comment: Pojsu = 1.30

ID @ Vessel T (m) Z(m) V, (m*) Bottom Top Impeller RPM| P (kW) | Motor (kW)  Load (%) Blend Time| N/N,| M-Scale| Multiphase Tag Comment

1 v Cylindrical 1.20 1.20 13572 Flat Flat PBT 96.6 0.14 025 56% 00:00:49 1.00 4.1/10 %% +r PBT Ungassed Down Pojsu = 1.30
2 Cylindrical 1.20 1.20 13572 Flat Flat PBT 97.2 0.14 025 57% 00:00:49 1.00 4.1/10 PBT Down Pojsg = 1.29
3 Cylindrical 1.20 1.20 1.3572 Flat Flat PBT 99.0 0.15 0.25 59% 00:00:48 1.00 4.1/10 PET Down Pojsg = 1.27
4 Cylindrical 1.20 1.20 1.3572 Flat Flat PBT 1134 0.19 0.50 38% 00:00:42 1.00 4.5/10 PBT Down Pojsg = 1.09
5 Cylindrical 1.20 1.20 13572 Flat Flat PBT 138.0 028 075 37% 00:00:35 1.00 5.1/10 PBT Down Pojsg = 0.878
6 Cylindrical 1.20 1.20 13572 Flat Flat PBT 154.2 034 075 45% 00:00:31 1.00 5.5/10 PBT Down Pojsg = 0.776
7 Cylindrical 1.20 1.20 13572 Flat Flat PBT 163.8 038 1.0 38% 00:00:29 1.00 57/10 PBT Down Pojsg = 0.726

© 2025 KaeMix LLC KaeMix Student Verification Guide



Gassed Solids Suspension (2/2)

1.0 e 1.0
Nose 0o PR . o R
KaeMix calculations for 0.3 o8- E\“ 5\’“*{ © . D e pumping ]
gassed suspension speed N, 0.7 DA "‘*’;\t . x:T=120m ]
use the method presented by 0.8 Pojsg ® ° 0.6 - N " T < Lneymxt .
Frijlink et al. (1990). —= 05 L po: PR 3 . '
P Ojsu | P:.'_" Upward pumping ~ £ ; . ]
This is based on the 0.7 o oal ™ ;j::?:;;: te _
observation that on average: 1 \ .\ ! t Line:y=x=* Mg Frijlinketal. (1990) |
Nlou
_ i 1 N 1 PR | i | " 1 a1 1
Pojsg/Pojsu - (stg/NjSu)c 0.6 .\ ° %30 1.2 1.4 1.6 1.8 20 22 24
O\ \.
Here, c =-1.1 for down (N \
pumping impellers and -2 for .\. .\
up pumping and radial flow 0.5 N °
) . . ® ) .
impellers. KaeMix: PBT Up Pumping \__ KaeMix: PBT Down Pumping
KaeMix determines N, using Line: y = x? Line:y = x11
this relationship.
g 0.4
> Njsg
stu
0.3
1 1.2 1.4 1.6 1.8 2.0 2.2 2.4

© 2025 KaeMix LLC KaeMix Student Verification Guide
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Cavern Size (1/3

* File: KM-Verify-CavernSize-YieldStress-Fluid.kaemix

K¢ KaeMix Student -

FILE SEND EDIT PROCESS DESIGN PERFORMANCE CREATE TOOLS SETTINGS WINDOW  HELP

&5 Open HsSave [CFileinfo |9 O @& units- 0 & @ * £ & / Quick Agitator Design | Copy Drawing ® Scale-Up #i Reposition | & Load Motor & Speed & Standard Speed I~ Resize © Refresh

Design IVesseI \ Processl Liquids I Drive \ Impellers} Baffles I Solids l Gas Floww Sparger File Info Drawing IResuIts \ Report I Loads I Blendingl Suspensionl Gas Dispersion\ Power I Dimensionlessl Guides I
Liquid Blending. M-Scale: 6.1/10. Transitional. Blendtime: 00:08:23 h:m:s.

|Project Name j |Verificati0n Cavern Size Calculation

|C0mpany j |KaeMix LLC

|Location j |

|Customer j |

|Designer j |

|Manufar:turer j ||

Project Notes

Example from Handbook of Industrial Mixing, pages 526-527
Cavern sizes calculated in KaeMix are based on eqn. (9-40), page 521
Results match example

——
—

Design 5/6 # Duplicate ¥ New FE” Delete Move: T Top 1 Up ¥ Down ¥ Bottom | Sort: 4~ &= RPM: 244 Tag: 24.4 RPM Comment: Cavern: 100%

ID @ Vessel T(m) Z (m) V, (m®) Bottom Top Impeller RPM| P (kW) Motor (kW)| Load (%)| Blend Time| N/N;| M-Scale| Multiphase| Tag Comment

1 v Cylindrical 3.00 2.30 16.258 Flat Flat PBT 20.0 0.51 75 7% 00:02:00 5.5/10 TurbulentPo = 1.8

2 X Cylindrical 3.00 2.30 16.258 Flat Flat PBT 21.0 09 75 12% 0.0/10 21.0RPM Cavern: 40-50%
3 X Cylindrical 3.00 2.30 16.258 Flat Flat PBT 244 13 75 17% 0.0/10 244 RPM Cavern: 60-70%
4 X Cylindrical 3.00 2.30 16.258 Flat Flat PBT 21.0 1.8 7.5 24% 0.0/10 21.0RPM Cavern 80-90%
5 v Cylindrical 3.00 230 16.258 Flat Flat PBT 244 2.58 75 35% 00:08:23 6.1/10 244 RPM Cavern: 100%

6 v Cylindrical 3.00 2.30 16.258 Flat Flat PBT 39.0 413 75 55% 00:06:33 5.8/10 39.0RPM Cavern: 100%

© 2025 KaeMix LLC KaeMix Student Verification Guide



Cavern Size (2/3

Grenville and Nienow* (2004) Example 9-5, pages 526-527

T/Z

Density

Viscosity (at 1/s)**

Yield Stress

Pitched Blade Turbine D
Power Number***

One Impeller — 21.0 RPM
One Impeller — 24.4 RPM

Two Impellers —21.0 RPM
Two Impellers — 24.4 RPM

* KaeMix cavern diameter calculations based on Grenville and Nienow (2004). Cavern aspect ratio for radial

30m/23m

1560 kg/m?3

1 mPa.s

18 Pa

1.5m

1.8 (6 blades, 45° angle, W/D=0.23)
40-50% of Operating Volume

60-70% (Cavern diameter in KaeMix
matches example)

80-90% of Operating Volume

100% (Cavern size in KaeMix matches

example)

flow impellers also per Grenville and Nienow. Aspect ratio for axial flow impellers based on Benz (2012)
** Example does not specify the base viscosity, only the yield stress. Using 1 mPa.s in KaeMix setup. This

does not daffect the cavern size calculation

*** Example does not specify impeller number of blades or other geometry details but only that Po=1.8.
Impeller geometry in KaeMix was specified to match this Po.

© 2025 KaeMix LLC
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BLENDING OF NON-NEWTONIAN, SHEAR-THINNING FLUIDS 521

Since the ratio of cavern height to diameter is typically 0.4, eq. (9-39) can be
simplified to give

(9-40)

(D(-)-‘ _ 1.36 Po - pN2D?

>
D T Ty

526 BLENDING OF MISCIELE LIQUIDS

Example 9-5: Minimen Speed for Agitation of a Yield Stress Fluid, A fluid
with a density of 1560 kg/m® and exhibiting a yield stress of 18 Pa is to be stored
in a vessel 3 m in diameter with a maximum operating depth of 2.3 m. Design
an agitator that will eliminate stagnant zones in the vessel.

SOLUTION

1. Choose the impeller type and diameter. A large diameter impeller (~T/2)
with a higher power number will operate at a lower speed and power.
Choose a pitched blade turbine (Po = 1.8), 1.5 m in diameter.

BLENDIMG IN THE LAMINAR REGIME 527

2. Calculate the minimum speed, Mg, for the cavern to reach the vessel
wall from

T\’ 136 (Po. pNZD?
D/ =t Ty

Ne — e ™ 12
C=\™136P0. pD°
e (3.0 m)®
136 ~ 1.8 % 1560 kg/m> % (1.5 m)®

/2

= (18 Pa x ) = 0.407 rps
The minimum speed will be 24.4 rpm; from Table 6-2 30 rpm is the next
highest standard speed.

3. Determine the number and location of the impeller(s). The height of the
cavern will be approximately 40% of its diameter, in this case 1.2 m. Two
impellers located at a clearance off the vessel base of 0.6 and 1.8 m will
produce two intersecting caverns to a total height of 2.4 m which is higher
than the maximum operating level.

4. Calculate the power drawn by the two impellers and choose the motor size.
The power drawn will be calculated from

30 3°
P =2Po-pN’D’ =2 x 1.8 x 1560 kg/m’ x (W) x (1.5 m)°
5

= 5331 W {or 7.14 hp)

The next standard motor size 15 7.5 hp, but this would mean that the impeller
power draw will be 95% of the motor power. Choose a 10 hp motor.

5. The design is complete. The agitator will require a 10 hp motor with an

output speed of 30 rpm. The impellers will be two pitched blade turbines
1.3 m in diameter located 0.6 and 1.8 m above the vessel base.
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Cavern Size (3/3)

Liquid Level | 21 RPM
Stagnant | Fluid

Cavern Volume 40-50%

| 24.4 RPM
Stagnant | Fluid

Cavern Volume 60-70%

21 RPM

Cavern Volume 80-90%

24.4 RPM

Cavern Volume 100%

© 2025 KaeMix LLC

Cavern volumes drawn by KaeMix for several conditions
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