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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

• 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, M-Phase: KM-Verify-Gas-MPhase.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, M-Phase: KM-Verify-MPhase-Solids.kaemix

• Solids suspension, cloud height: KM-Verify-Solids-CloudHeight-2Impellers.kaemix

• Solids, gassed suspension: KM-Verify-GassedSolids-Frijlink-Correlation.kaemix
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Power Number
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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Blending – M-Scale (1/4) 
• File: KM-Verify-Blending-MScale.kaemix
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Blending – M-Scale (2/4) 

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

Volume 5000 Gallon

Specific Gravity 1

Viscosity 5000 cP

T = Z 113.7 Inch

Bottom Flat

PBT Diameter 34.61 inch

Drive 32.7 HP

Speed 184.2 RPM

Scale of Agitation - Article 6

M-Scale - KaeMix 6.4 → Matches article
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Blending – M-Scale (3/4) 

Example 1 Example 2 Example 3

Volume 10000 Gallon 5000 Gallon 1042 Gallon

Specific Gravity 1.05 1.3 0.95

Viscosity 4900 cP 5000 cP 25000 cP

Diameter T 138 inch 96 inch 60 inch

Straight Side 144 inch 150 inch 96 inch

Bottom ASME ASME Dished

Baffles 4 Standard 4 Standard None

Number Impellers 1 2 2

PBT Diameter D 32 inch 26 inch 36 inch

Drive 3 HP 7.5 HP 40 HP

Speed 84 RPM 125 RPM 125 RPM

Scale of Agitation 1 3 10

M-Scale - KaeMix 1.2 → Matches 
article

2.6 → Matches 
article

10 → Matches 
article

Hicks, Morton, Fenic (1976) – Example Page 109
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Blending – M-Scale (4/4) 

Example PBT High-Efficiency

Volume 50 m3 50 m3

Specific Gravity 1.0 1.0

Viscosity 1000 mPa.s 1000 mPa.s

Diameter 4 m 4 m

Straight Side 4 m 4 m

Bottom Flat Flat

Baffles 4 Standard 4 Standard

Number Impellers 1 1

Impeller Diameter 1.154 m 1.558 m

Drive 1.5 kW 1.5 kW

Speed 45 RPM 45 RPM

Scale of Agitation  
Article

2 3

M-Scale - KaeMix 2.0 → Matches article 3.4 → Matches article

Fasano, Bakker, Penney (1994)
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Blend Time (1/2)
• File: KM-Verify-BlendTime.kaemix
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Blend Time (2/2)

Case 1 – Blend Time High Efficiency PBT

Density 1050 kg/m3 1050 kg/m3

Viscosity 100 mPa.s 100 mPa.s

T = Z 4 m 4 m

Bottom Flat Flat

Baffles 4 Standard 4 Standard

Impeller Diameter 1.186 m 0.889 m

Speed 67.8 RPM 67.8 RPM

Blend Time t99, turb 
(Article)

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

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

KaeMix t99, turb 00:01:53 (h:m:s) 00:02:51 (h:m:s)

Fasano, Bakker, Penney (1994)
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Gas Dispersion (1/5)
• Files: KM-Verify-Gas-Flooding.kaemix, KM-Verify-Gas-Power-PgPu-Rushton-Smith.kaemix, 

KM-Verify-GasDispersion-Middleton-Smith.kaemix
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Gas Dispersion (2/5)

Impeller Rushton Smith

Impeller Diameter D 0.80 m 0.84 m

Speed 1.13 rev/s 1.13 rev/s

Vessel Diameter T 2.0 m 2.0 m

Viscosity 1 mPa.s 1 mPa.s

Density 1000 kg/m3 1000 kg/m3

Qg 0.12 m3/s 0.12 m3/s

Flg = NA 0.21 0.18

Fr = NFr 0.10 0.12

Article flow regime Flooded Dispersing

KaeMix flow regime Flooded Dispersing

Article Power Draw 1540 W 1540 W

KaeMix Power Draw 1538 W 1369 W*

Bakker, Smith, Myers (1994)

* KaeMix 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 
appropriate. This is the reason for the difference in predicted power draw
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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 = Pg/Pu:

▪ Example: RPD = 0.854

▪ KaeMix: Pg/Pu = 0.876 (matches well)

KaeMix Drawing
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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 KaeMix use 
HFoil-X-Wide with 4 blades

• Result for speed to get 0.6 W/kg:

• Example: N = 2.11 rev/s

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

KaeMix Drawing
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Gas Dispersion – M-Phase (1/2)
• File: KM-Verify-Gas-MPhase.kaemix
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Gas Dispersion – M-Phase (2/2)
Example Hicks, Gates (1976) KaeMix

Volume 5000 Gallon 5000 Gallon

Specific Gravity 1 1

Viscosity 1 cP 1 cP

T = Z 113.7 Inch 113.7 Inch

Bottom Flat Flat

Rushton Diameter 37.5 inch 37.5 inch

Blade width 6.25 inch

Speed 110 RPM 110 RPM

Gas flow rate 296 ACFM 296 ACFM

Power Draw 12.83 HP (gassed) 13.9 HP (gassed)

Ungassed Po 4.6* 4.6 (for W/D=1/6)

Pg/Pu 0.43 0.47

M-Phase Article: 2 (Dispersing) KaeMix: 3.5 (Dispersing)
* The article’s example isn’t clear on what W/D and ungassed Po are used. Calculating ungassed Po  
from Trial 3 info (gassed P = 12.83 HP, Pg/Pu = 0.43, RPM = 110, D = 37.5 inch, and water) results in 
Po = 4.6. This corresponds to a Rushton with W/D = 1/6 instead of the more common W/D = 1/5
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Solids Suspension – M-Phase (1/3)
• File: KM-Verify-MPhase-Solids.kaemix
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Solids Suspension – M-Phase (2/3)
Gates, Morton, Fondy (1976) Design analysis for power and speed 

relations for solids suspension

T = Z 113.76 inch

Volume 5000 gallons

Pitched Blade Turbine 34.13 inch; 6 blades

Speed N 147.54 RPM

Fluid SG = 0.995; 1 mPa.s

Solids SG = 1.255; dp=1000m

Solids weight fraction 15%

Settling velocity - Article 10 ft/min

Settling velocity - KaeMix 10.9 ft/min

Power draw - Article 15.66 HP

Power draw - KaeMix 15.40 HP

Scale of Agitation - Article 5

M-Phase - KaeMix 5.2 (matches article)
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Solids Suspension – M-Phase (3/3)
Gates, Morton, Fondy (1976) Example illustrates design analysis

T = 144 inch Z = 163 inch

Volume ~10800 gallons

Pitched Blade Turbine 6 blades; C = 41 inch

Fluid SG = 1.1; 1 mPa.s

Solids SG = 2.6; 50 mesh = 310m

Solids weight fraction 30%

Design 1: 25 HP at 100 RPM. Impeller D = 45 inch

Scale of Agitation - Article 3

M-Phase - KaeMix 3.5 (matches article)

Design 2: 20 HP at 68 RPM. Impeller D = 54 inch

Scale of Agitation – Article 3

M-Phase - KaeMix 3 (matches article)

Design 3: 15 HP at 56 RPM. Impeller D = 57 inch

Scale of Agitation - Article 3

M-Phase - KaeMix 3 (matches article)

Design 4: 10 HP at 37 RPM. Impeller D = 67 inch

Scale of Agitation - Article 3

M-Phase - KaeMix 2.5 (matches article)
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Solids Cloud Height (1/2)
• File: KM-Verify-Solids-CloudHeight-2Impellers.kaemix
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Solids Cloud Height (2/2)

(b) KaeMix
Single impeller
CH/Z = 46%

(a) Experiment
Single impeller

(c) Experiment
Two impellers S/D = 3.0

(d) KaeMix
Two impellers S/D = 3.0
CH/Z = 95%

(e) Experiment
Two impellers S/D = 3.7

(f) KaeMix
Two impellers S/D = 3.7
CH/Z = 46%

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

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.
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Gassed Solids Suspension (1/2)
• File: KM-Verify-GassedSolids-Frijlink-Correlation.kaemix



© 2024 KaeMix LLC 26KaeMix Student Verification Guide

Gassed Solids Suspension (2/2)
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Frijlink et al. (1990)

KaeMix calculations for 
gassed suspension speed Njsg 
use the method presented by 
Frijlink et al. (1990). 

This is based on the 
observation that on average: 

Pojsg/Pojsu = (Njsg/Njsu)c

Here, c = -1.1 for down 
pumping impellers and -2 for 
up pumping and radial flow 
impellers. 

KaeMix determines Njsg using 
this relationship. 
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Cavern Size (1/3)
• File: KM-Verify-CavernSize-YieldStress-Fluid.kaemix
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Cavern Size (2/3)
Grenville and Nienow* (2004) Example 9-5, pages 526-527

T / Z 3.0 m / 2.3 m

Density 1560 kg/m3

Viscosity (at 1/s)** 1 mPa.s 

Yield Stress 18 Pa

Pitched Blade Turbine D 1.5 m

Power Number*** 1.8 (6 blades, 45⁰ angle, W/D=0.23)

One Impeller – 21.0 RPM 40-50% of Operating Volume

One Impeller – 24.4 RPM 60-70% (Cavern diameter in KaeMix 
matches example)

Two Impellers – 21.0 RPM 80-90% of Operating Volume

Two Impellers – 24.4 RPM 100% (Cavern size in KaeMix matches 
example)

* KaeMix cavern diameter calculations based on Grenville and Nienow (2004). Cavern aspect ratio for radial 
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 affect 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.
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Cavern Size (3/3)

Cavern Volume 40-50%

Liquid Level 21 RPM 21 RPM 24.4 RPM24.4 RPM

Cavern Volume 60-70%

Cavern Volume 80-90% Cavern Volume 100%Cavern Outline

Cavern volumes drawn by KaeMix for several conditions
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END
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