
OBJECTIVES

METHODOLOGY

Indranil Chakraborty, Shantanu Roy

Hydrodynamic Modeling of Industrial Fluidized Bed Gasifiers

INTRODUCTION & MOTIVATION

Low Fixed Carbon Content

High Ash Content

High Volatile Matter Content

High O/C and H/C Ratio

Low Vitrinite content, less 
susceptible to swelling

INDIAN 
COAL High Turndown Ratio

Better Heat and Mass Distribution

Operational Temperature below Ash 
Fusion Temperature

High Ash mode of Heat Distribution

Ideal for Non Caking  High Ash Coal

FLUIDIZED 
BED

D.R. McIlveen-Wright  et al: A comparison of circulating 

fluidised bed combustion and gasification power plant 

technologies for processing mixtures of coal, biomass and 

plastic waste: Fuel Processing Technology 87 (2006) 793–801

GASIFICATION UNIT

SELECTION OF BED : 
FLUIDISED BED

MODELLING

EULER EULER
MODELLING

RTD DATA 
INTERPRETATION

COMPARISON 
AND VALIDATION 

OF MODEL

COMPARISON 
AND VALIDATION 

OF MODEL

EXPERIMENTALLY VALIDATED CFD MODEL OF 
INDUSTRIAL FLUIDISED BED GASIFIER

 

 

P

F

R 

P

F

R 

CSTR Volume 

Fraction β4 

N CSTR 

in series 

with 

each of 

volume 

fraction 

β1 

PFR Volume 

Fraction β2 

Recirculation 

loop with 

CSTR 

Volume 

Fraction β3 

Nβ1+β2+β3+β4=1 

Instantaneous tracer 

injection δ(t) 

Position of 

Detector D1/D2 

Position of 

Detector D3/D4 

EXPERIMENTAL SETUP / MODEL FORMULATION

TYPICAL RESULTS

SUMMARY & CONCLUSIONS

ONGOING AND FUTURE WORK

s)τβ(α

1)

)
)αR(1

R)s(1τβ
()(1

N
))

)α(1

R)τs(1β
(((1

e

2
R)(1

2
)α(1

R)α((1Y(D2)
42

2

3

2

1

2)αR)/(1τs(1β2
2

1


















 

 

 

 

 

 

Air Distributor 

8000mm 

 

760mm 

 

1020mm 

 
540mm 

 

320mm 

 

250mm 

 

100mm 

 

100mm 

 

D2 

 

D1 

 

Gas Outlet 

Injection point 

Air 

Air 

D3 

 

D4 

 

D6 

 
D5 

 

150mm 

 

 

1095 

mm 

 

D4 

 D9 

 

D6 

 

D5 

 

D8 

 

D11 

 

D7 

 
To Ash extraction valve 

Air 

D2 

 

3000 

mm 

 

3 D 

 

1.5D 

 

1 D 

 

0.5 D 

 

D3 

 

D1 

 

Cyclone 

Separator 

D10 

 

880 mm 

ID 

 

650 mm 

ID 

 
D6, D7 

 

D8, D9 

 

D4, D5, D11 

 

Injection 

point 

Air Distributor 

Gas Outlet 

Air 

Coal Feed System 

Radial orientation of the detectors D4-D11 

∂(t)

Detector D1/D2

Detector D3/D4

PFR

CSTR (β4)

Nth CSTR (β1)2nd CSTR (β1)1st CSTR (β1)
PFR(β2)

CSTR (β3)

)
τsβ

es)τβτs)(1β)(1
N

τs)β((1

τs)β(
e

1)Y(D

)
τsβ

es))τβτs)(1β)(1
N

τs)β(1(

τs)β(1
τsβ

e
3)Y(D

2
341

2

2
341

4
2
















0

500

1000

1500

2000

2500

0 100 200 300 400 500 600

av
er

ag
e 

re
si

d
en

ce
 t

im
e 

in
 s

ec
o

n
d

s

coal flowrate in kg/hr

variation of average residence time for bed height of 

650mm (flat plate)

model average residence time(flat plate)
exp average residence time (flat plate)

0

500

1000

1500

2000

2500

0 100 200 300 400 500 600 700

av
er

ag
e 

re
si

d
en

ce
 t

im
e 

in
 s

ec
o
n
d
s

coal flowrate in kg/hr

variation of average residence time for bed height of 

650mm (conical plate)

model average residence time(conical plate)

exp average residence time(conical)

CONICAL PLATE DISTRIBUTOR FLAT PLATE DISTRIBUTOR

0

0.5

1

1.5

2

2.5
5

0

9
5

0

1
8

5
0

2
7

5
0

3
6

5
0

4
5

5
0

5
4

5
0

6
3

5
0

7
2

5
0

8
1

5
0

9
0

5
0

9
9

5
0

1
0

8
5

0

1
1

7
5

0

1
2

6
5

0

1
3

5
5

0

1
4

4
5

0

1
5

3
5

0

1
6

2
5

0

1
7

1
5

0

1
8

0
5

0

1
8

9
5

0

1
9

8
5

0

N
o

rm
al

is
ed

 D
3

Time in mS

Response of D3 for bed height 300mm

exp D3

mod D3

R² = 0.9782

0

1000

2000

3000

4000

5000

6000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

R
ec

ir
cu

la
ti

o
n
 t

im
e 

in
 m

S

Variation of recirculation time with superficial 

velocity

Time Constant t1 (in mS)

Linear (Time Constant t1 (in mS))

0

0.2

0.4

0.6

0.8

1

1.2

5
0

9
0

0

1
7

5
0

2
6

0
0

3
4

5
0

4
3

0
0

5
1

5
0

6
0

0
0

6
8

5
0

7
7

0
0

8
5

5
0

9
4

0
0

1
0

2
5

0

1
1

1
0

0

1
1

9
5

0

1
2

8
0

0

1
3

6
5

0

1
4

5
0

0

1
5

3
5

0

1
6

2
0

0

1
7

0
5

0

1
7

9
0

0

1
8

7
5

0

1
9

6
0

0

N
o

rm
al

is
ed

 D
1

 &
 D

2
 a

v
g

Time in mS

Response of D1 & D2 avg for bed height 

300mm

exp D1 & D2 avg

mod. D1 & D2 avg

0

10

20

30

40

50

60

70

60 660 1260 1860 2460 3060 3660 4260 4860 5460

N
o

rm
al

is
ed

 E
(t

)

Time in seconds

Variation of experimental normalised E(t) and modelled normalised 

E(t) with time at detector position D2 for experiment 1 (flat plate 

distributor)

EXP D2 E1 MOD D2 E1

0

5

10

15

20

25

30

35

60 660 1260 1860 2460 3060 3660 4260 4860 5460

N
o

rm
al

is
ed

 E
(t

)

Time in seconds

Variation of experimental normalised E(t) and modelled normalised 

E(t) with time at detector position D2 for experiment 11 (conical 

distributor)

EXP D2 E11 MOD E11

 Development of Six Parameter model for describing the Hydrodynamic behavior of Batch pilot plant

 Six Parameter model of  Batch mode extended to Nine Parameter model of Circulatory Fluidized Bed.

 Model (Circulatory + Batch Fluidized bed) validated against Radio Tracer Analysis Data and analyzed.

 MATLAB code to invert transfer function numerically(Laplace to Time) with incorporated regression.

 Euler Euler modeling of  continuous mode, analysis of problems associated.


