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Benefits of CFD

•Minimize the effort required in the laboratory

•Cut off unnecessary cost for lab/pilot experiments

•Avoid Hazards in the lab/pilot

•Better visualization and understanding 

•Easy to do scale-up research
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Validation is essential 
Lack of benchmarking data



Techniques in mFReal
•Benefits of Computational Fluid dynamics (CFD)

•Radioactive Particle Tracking (RPT) Technique

•Gamma-ray Computed Tomography (CT) Technique

•Gamma-ray Densitometry (GRD)

•Four and Two Points Optical fiber probe

•Advanced Fast-Response Heat Transfer Probe

•Advanced hybrid measurement probe

•Two point optical probe for (gas-Solid system)

•Hot wire anemometry

•Gas Tracer Technique

•Liquid Tracer Technique

•Pressure Transducer

•Mass transfer optical probe
aldahhanm@mst.edu
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Radioactive particle tracking
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Procedure of RPT
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• Spline fitting algorithm

• Cross-correlation algorithm

• Monte-Carlo algorithm

• local liquid and solid velocity fields

• Turbulence Kinetics Energy

• Reynolds Shear Stress

• Eddy Diffusivity
• Movement Trajectories
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RPT Applications

A B C

1 day 15 days 30 days 7



RPT Applications

a b
c

Gas velocity 1 cm/sec (a) air-water-1day (b) air-water-15days (c) air-water-30days
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S10

Gamma-ray Computed Tomography
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CT applications
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Gamma Ray Densitometry (GRD)

•Pinpoint Flow Pattern (Regime)

•Holdup profile

•Mal-distribution identification

Detector

CollimatorMultiphase Reactor

Cs-137 Source

Cs-137 Source Detector
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Two-Tip Optical Probe (TTOP) 

• Total Internal Reflection of light

• Higher voltage when gas touches than liquid

• Difference in voltage demarcates phases
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Signals from Two-Tip Optical Probe

Raw Signal Filtered Signal Normalized Signal
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Local Hydrodynamic Parameters
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Measuring Local  Velocities

Local gas velocity

Local liquid velocity

This is validated against X-Ray radiograph salleh (2014)

𝑣𝑔,𝐿𝑜𝑐𝑎𝑙 =
1 𝑚𝑚

𝑡𝑢𝑎 − 𝑡𝑙𝑎

𝑣𝑙,𝐿𝑜𝑐𝑎𝑙 =
1 𝑚𝑚

𝑡𝑢𝑑 − 𝑡𝑙𝑑

LOCAL SATURATIONS

Local gas saturation:

By Ergodic hypothesis

Local liquid Saturation: 1- Local gas saturation

𝛽𝑔,𝐿𝑜𝑐𝑎𝑙 =
𝑉𝐺,𝐿𝑜𝑐𝑎𝑙

𝑉𝐿,𝐿𝑜𝑐𝑎𝑙 + 𝑉𝐺,𝐿𝑜𝑐𝑎𝑙

𝛽𝑔,𝐿𝑜𝑐𝑎𝑙 =
𝑡𝐺,𝐿𝑜𝑐𝑎𝑙

𝑡𝐿,𝐿𝑜𝑐𝑎𝑙 + 𝑡𝐺,𝐿𝑜𝑐𝑎𝑙

𝑡𝑙𝑎 𝑡𝑢𝑎 𝑡𝑙𝑑
𝑡𝑢𝑑

• Phase saturation

• Phase local velocity

• Extent of Local Back Mixing

• Extent of Local  Maldistribution

15



Four tip optical probe

•Bubble local gas holdup

•Bubble chord length

•Interfacial surface area 

•Bubble frequency
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Two point optical probe for gas-Solid system
•Solid Holdup

•Particles Velocity

•Bubble rise velocity

•Bubble mean size

•Bubble frequency
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Mass transfer optical probe
1- An optical oxygen probe 
measures the local dissolved 
oxygen concentration in the 
liquid phase with a 
fluorescence mechanism. 

2- By implementing a proper 
reactor model, the volumetric 
gas-liquid mass transfer 
coefficient, kla, can be  
determined. 

1. Optical oxygen probe;  2. Optical fiber; 

3. Light source; 4. Spectrometer;  5. USB interface;  6. PC and software

(Ocean Optics Inc.)

Optical oxygen probe on 6” high 
pressure slurry bubble column
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Data acquisition 

instrumentsDC power  supply

Amplifier

Heat transfer probe

Thermocouple probe

Different shapes

Advanced Fast-Response Heat Transfer Probe

20



Hot Wire Anemometry (CTA) Technique
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GAS ANALYZER (TCD)

Binary (GOW-MAC 20 series) which 

contains a thermal conductivity 

detector (TCD).  

TRACER

Helium is used as gas tracer and 

nitrogen is used as reference gas. 

KCl solution as liquid tracer.

Gas/liquid Tracer Technique
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Flow Regimes and their Transition Velocities (Glass Beads) 

Pressure transducer
Single Ended pressure 
transducer:

•Up to 345 kPa. 

Differential pressure 
transducer: 

•Absolute pressure difference 
ranging from 0-102 kPa. 
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Thanks
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