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Bubble Characterization Methods 
in Gas-Solid Fluidized Bed

Non-invasive methods Invasive methods 

X-ray optical laser sheet 
techniques

electrical capacitance 
tomography (ECT)

Commercial 
size unit

In freeboard only
(ghost bubbles)

Small 
bubbles

Optical probes Capacitance probes

Would break or bend with
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High local bubble flows Big bubbles



High 𝑉𝑔 (up to 2 m/s), High temperature (limited by metal)

High bed density (1500 𝑘𝑔/𝑚3), Large equipment

Solution: Tribo-probes
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𝒅𝒑𝒓𝒐𝒃𝒆 = 𝟎. 𝟔𝟐𝟓 𝒄𝒎
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Applications of Tribo-probes

• Slugging check

• Bubble flow profile

• Bubble velocity

With Gas-Liquid Injection:

• Jet penetration

Due to confidential check from Syncrude:

• Liquid distribution (see full paper)

• Local bogging (see full paper)
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Experimental set-up
To modify gas bubble distribution

Lab-scaled Fluid Bed
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Approach 1:
Change the initial inlet gas 
distribution configuration
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Approach 2: Baffle
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Even caseWestern caseEastern case

b. Symmetrical baffle

a. Asymmetrical baffle
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Solids: silica sand, 108 kg
Fluidization gas: Air
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Radioactive 
source (1 cm)

Detector
(counts, C)

Back bed wall Front bed wall

Side view

Volumetric fraction occupied by bubbles:

𝒙𝒃 = 𝟏 −
𝐥𝐧 𝑪 −𝒍𝒏(𝑪𝒆𝒎𝒑𝒕𝒚)

𝒍𝒏 𝑪𝒎𝒇 −𝒍𝒏(𝑪𝒆𝒎𝒑𝒕𝒚)

Tribo-probes



Raw Signal Comparison (for  Even Case)
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Western side bed wall Eastern side bed wallBed centre

1 m/s

0.00E+00

2.00E-04

4.00E-04

6.00E-04

8.00E-04

1.00E-03

1.20E-03

1.40E-03

0 10 20 30 40 50

C
yc

le
 A

m
p

lit
u

d
e

Lateral Location, cmW E

0.33 m/s

1 m/s

Algorithm from: 
Briens et al., 2002 

0.33 m/s
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Bubble Flow Profile 
Comparison Tribo-probes and Radioactive Transmission

Tribo

Radioactive

Even case Eastern caseWestern case
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Consistent results
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Tribo.      
𝒒𝒃𝒊

𝒒𝒃
=

𝑳𝒐𝒄𝒂𝒍 𝒃𝒖𝒃𝒃𝒍𝒆 𝒗𝒐𝒍𝒖𝒎𝒆𝒕𝒓𝒊𝒄 𝒇𝒍𝒖𝒙

𝒄𝒓𝒐𝒔𝒔−𝒔𝒆𝒄𝒕𝒊𝒐𝒏 𝒂𝒗𝒆𝒓𝒂𝒈𝒆
: bubble flowrate profile

Radioactive.        
𝒙𝒃𝒊

𝒙𝒃
: bubble concentration profile

Superficial gas velocity for all results: 1 m/s

W E W E
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Bubble Flow Profile – spray level
3 Gas Distributions with (    ,      ) and without (   ) Baffle

Eastern caseEven caseWestern case

Asymmetrical baffle successfully concentrates gas bubbles
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Baffle tip Baffle tip Baffle tip
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Symmetrical baffle doesn’t help a lot
Vg = 1 m/s
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Slugging Check
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∆𝒚 = 𝟗 𝒄𝒎
Poor correlation when away

∆𝒚 = 𝟎. 𝟔𝟑 𝒄𝒎
Good correlation when close

No slugging between front & 
back bed walls at any gas velocity

Conditions: Light to dark: 0.48 ~ 1.56 m/s
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Bubble Velocity: 𝑼𝒃 =
∆𝒛𝒑𝒓𝒐𝒃𝒆𝒔

∆𝒕𝒍𝒂𝒈
∆𝑡𝑙𝑎𝑔 from cross-correlation between Rows
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Eastern case

Even case
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Gas-Liquid Jet Penetration
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Tribo-probes, 30 ℃

Before Injection

During Injection

Thermocouple method, 110 ℃

Moveable spray nozzle Thermocouple

𝑻𝒃𝒆𝒅 = 𝟏𝟏𝟎℃

𝑳𝒋𝒆𝒕 = 𝟐𝟔 𝒄𝒎

Result from (Ariyapadi et al., 2004) Correlation:
𝐿𝑗𝑒𝑡 = 28 𝑐𝑚

𝑳𝒋𝒆𝒕 = 𝟐𝟑 𝒄𝒎

Superficial gas velocity for all results: 1 m/s

Injection beginnings

W E



Conclusion

Tribo-electric probe measurements provide:
• Bubble flow profile

• Jet penetration

• Liquid distribution (see full paper)

• Local bogging (see full paper)

Cross-correlation between probes provides:
• Slugging detection

• Bubble velocity
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