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Research Objectives

e Characterize dynamic model of
Circulating Fluidized Bed (CFB)

e Jdentify variables of the model

e Develop algorithms to estimate the
states

o Jdentify and characterize the control
variables

e Develop and test algorithms to
optimally control the CFB
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e Determining the Circulating Fluidized
Bed (CFB) height is essential

e for assessing system performance
e To prevent high temperature operation

e Determining the solid circulation rate
enables

e circulation rate control
e optimal control
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The Circulating Fluidized Bed
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Simplified process flow diagram for
the cold flow circulating fluidized bed
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They have been used by industry since
at least the 1940's.

The most prominent example of a CFB is
a catalytic cracker used by the
petroleum industry to turn high
molecular weight compounds (like oil)
into lighter compounds (like gasoline).

Fluidized bed research at NETL was
initiated in 1960s.

Can increase energy efficiency and
decrease environmental pollution
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CFB at NETL

50 feet high and
one foot diameter

See through
construction of
some sections

Well instrumented
with partial pressure
measurements

Equipped with a
spiral for solid mass
flow measurement
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Methods

e Dynamic model based methods
e Obtaining dynamic model of a standpipe
e Obtaining dynamic model of a riser
e An extended Kalman filter
e An H_, (infinity) estimator method

e Data based methods
e 2-region model to estimate bed height

e Using system identification to estimate
the solid circulation rate
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Dynamic model of standpipe

e Mass conservation and £ +¢€ =1
jo (t) :jg (Z,t) +js (Zat)

e Use modified Richardson-Zaki
correlation

0 if ESE,
gn—l
= mf :
£(e)=1—= (s—gpb) if £,<e<eg,
Er—E,
g if &2¢,
\

e Non-linear state equation
LN
& =& +E (]k—l _]k—l) _
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e Determine volumetric gas flux
according to wave speed

Jo = Jgaglel) i A>0
o = Qe tVelgs) i AT<0
where

X =)+ |(g5+£.))

ole) = £(1-8)éle) |, g(e) = dg|¢)

d&
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e Use truncated Ergun Eq. to find
pressure profile

N-1

2/ %GT{Z(ZH %){(Aéﬁ) +61(«fi“)}

o(e)= 2 g

E
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An extended Kalman filter

_ E = Jia (gk—l) W
{ Assign Q & R } E
Set Initial Conditions. Py =h (gk) =T

(e () =21
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H_ Estimator

e Kalman filter has many inherit tuning
variables

e Kalman filter failed with some data
sets

e Need more robust estimator with less
tuning variables

e H_ (infinity) is a candidate
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An H _ estimation method

Er _fkl( k1)+wk—1

{ Assign Q,W,V, V } (&) v,
Set Initial Conditions.

o8 (4) =2

9
e=§,(+)

L, = (1 -yopP, +H, (& (-)) v 'H, (& (-))P, )_l
Ke=F_ (6,())PLH, (6.(F)) ¥

b= (2. (2) | p(#)=E. (2 (4)P(ALE. (&(H)
ék (+) - ék (_) +Kk{pk _ﬁk}
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Simulation Results (Kalman) (K32)
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Results (Kalman & H_ ) (K35)

INSTANT STATE AND PRESSURE PROFILES
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Results (Kalman & H_ )

ESTIMATED AND MEASURED BED HEIGHTS
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Dynamic model of riser

>
nth cell | To standpipe

m =/ 1)

;0 cell X / .
dm. '

T =m, —m i -1~
1 A1 0 1 dt
where
T, :i" tank time constant
>nd cell m: " tank mass
15t cell |4
From standpipe
RISER e
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Dynamic model of riser

I.—-=m_, —m, where
= AP A AP = pressure of i” cell
m, = — .
@ ;g A =cross sectional area
= gravitational acceleration
NP T &=
7, =—AP_ -AP, i=23,...,n
da T
with
dAP m. oT M. AP;A/
Z-1 1 — Clrcgl_AB,Tl:_l: — g
dt A mClI'C mClI'C
where

AP, = pressure of first cell

m_._ =mass circulation rate

circ
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Simulation of riser model(K32)
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2-region model
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2-Region Model Results
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System identification method

e Solid Circulation Rate Estimate

e System model build
x(k+1) = Ax(k) + Bu(k)
y(k)ZCx(k)

e A,B,C matrices can be obtained from the
system identification toolbox under
MATLAB environment.

e Transfer system model without fictitious
states

W k+1) =CAC ) k) +(Bu( K]
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System identification method

e Define H convert y to z contained only
pressure variable

y(k+1) = Ay (k) + Bu(k)
z(k) = Hy(k)
e The estimator dynamic is suggested
51 j(k+1) =49(k) +Bu(k) + K, p(k) =2(k))
f(k) = [f/(k) 9 (k) = estimator state variables

where ( ) pressurc measurements

( ) estimated pressures

K, = Kalman gain matrix
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System identification method

e Update Kalman gain, K,
M, (=)=4aM,_ (+)4" +0
K =M (-)C{cm, (-)C"+R
M, (+) ={1, ~K.G M, ()
M, = Error covariance matrix

where K =Kalman gain matrix
I,, = N XN 1dentity matrix
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System identification method
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System identification method
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Calculating Bed Height
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Calculating Bed Height (cont'd)
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Solid Circulation Rate Estimate, (High Rate)
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Solid Circulation Rate Estimate, (low Rate)
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Conclusions

e The CFB at NETL is explained.

e The bed height is successfully
calculated.

e System Identification is used for
estimating the solid circulation.

e Experimental results are presented.

e Results show these methods are
effective and successful.
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