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Benefits of CFD

Minimize the effort requiredin the laboratory

Cut off unnecessary cost for lab/pilot experiments
Avoid Hazardsin the lab/pilot

Better visualization and understanding

Easy to do scale-up research

Validation is essential
Lack of benchmarking data




Technigues in mFReal

Benefits of Computational Fluid dynamics (CFD)

Radioactive Particle Tracking (RPT) Technique

Gamma-ray Computed Tomography (CT) Technique AL-DAHHAN
RECEIVES TOP
Gamma-ray Densitometry (GRD) HONORS

Dr. Muthanna Al-Dahhan,

Four and Two Points Optical fiber probe  menibe of the Missouzt
S&T faculty since 2009,
recently was named Curators'

Advanced Fast-Response Heat Transfer Probe Distinguished Professor by

the University of Missouri

System Board of Curators.

Advanced hybrid measurement probe The distinction is the highest
and most prestigious
. . . academic r§nk awarded b'y
Two point optical probe for (gas-Solid system) i b
estgblished reputations in
Hot wire anemometry BeEAGULOf iy
Gas Tracer Technique MISSOURI
Liquid Tracer Technique e Sl

Pl

Pressure Transducer aldahhanm@mst.edu
Mass transfer optical probe
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Procedure of RPT
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Spline fitting algorithm
Cross-correlation algorithm
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local liquid and solid velocity fields
Turbulence Kinetics Energy
Reynolds Shear Stress

Eddy Diffusivity

Movement Trajectories



RPT Applications
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RPT Applications
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Gamma-ray Computed Tomography




CT for CFD validation

simulated gas holdup

CT Experiment experimental gas holdup
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CT applicat
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Pinpoint Flow Pattern (Regime)
Holdup profile

Mal-distribution identification

Cs-137 Source

Collimator

o . Collimator
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Top View for Multiphase
Reactor
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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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Local Hydrodynamic Parameters

Measuring Local Velocities

Local gas velocity

1mm
Vg, Local = W
g tua - tla -
=
-
Local liquid velocity
1mm
ViLocal =
tua — tia

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

LOCAL SATURATIONS
Local gas saturation:

VG,Local

.Bg,Local =
VL,Local + VG,Local

By Ergodic hypothesis

tG,Local

ﬁg,Local =
tL,Local + tG,Local

Local liquid Saturation: 1- Local gas saturation
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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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Computer
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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, kia, can be
determined.

= EXP

s PF R

Time [}

Optical oxygen probe on 6” high
pressure slurry bubble column

1

1. Optical oxygenprobe; 2. Optical fiber;

3.Lightsource; 4.Spectrometer; 5. USBinterface; 6. PCand software

(Ocean OpticsInc.)
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Fluorescence mechanism

Light going ta the
Sol-Gel probe tip (475 mm)
+ =
Owercoat /
Eeflected fluocrescence
E0inE ta the specirometer
(600 nm)

Optical oxygen probe
(Ocean Optics Inc.)
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Advanced Fast-Response Heat Transfer Probe

Different shapes

Data acquisition
DC power supply Instruments

1- Tube 4- Heater
2- Brass shell 5- Teflon cap
3- Heat flux sensor

Amplifier
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Hot Wire Anemometry (CTA) Technique
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Gas/liquid Tracer Technique

CATALYST
BED

PLENUMS -£ i

l-Injection Point
S-sampling Point

AL IRl

TRACER

Helium is used as gas tracer and
nitrogen is used as reference gas.
KClI solution as liquid tracer.

Water
—» Pump |
GASANALYZER (TCD)
Binary (GOW-MAC 20 series) which
= contains a thermal conductivity
= detector (TCD).
Convolution of Catlyst Bed Model and RTD of
Top Part
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Pressure transducer

Single Ended pressure
transducer:

*Up to 345 kPa.

Differential pressure
transducer:

*Absolute pressure difference
ranging from 0-102 kPa.

Packed
1 Bed

SD of Pressure Fluctuations (KPa)

0.1 0.3

Packed
05 Bed

SD of Pressure Fluctuations (KPa)

Bubbling
Flow
Regime
v
0.5 0.7

Flow
Regime

0.9

Superficial Gas Velocity (m/s)

Bubbling
Flow Regime

v
0.4 0.6

Flow
Regime

v
0.8

Superficial Gas Velocity (m/5)

Slugging

h 4

Flow
Regime
v
1.1 13
Turbulent
Flow Regime
1 1.2

Flow Regimes and their Transition Velocities (Glass Beads)

Differential pressure transducer . Single-ended pressure transducer
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