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Example: Drum Level Control
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Drum Level, 2

N number of riser sections
Ldo,L downcomer length and riser section length (total riser length/N)
Ado,A downcomer, riser cross section areas

wi mass flow rate at ith node

Pi pressure at ith node

Ti temperature at ith node

Si aggregate entropy at ith node

Vi specific volume at ith node

wr,wdc,ws mass flow rates, riser, downcomer and turbine, respectively
vdf,vdg drum specific volume, liquid and gas, respectively
Pd drum pressure

Td drum temperature

V total drum volume

Vw volume of water in drum

xd net drum quality, xd=Vw/V

ws0 throttle flow at rated conditions

PdO drum pressure at rated conditions

At normalized throttle valve position, at rated conditions At=1
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Drum Level, 3

U1 =, U2 = o, U3 = At

dway
at = f1(0av,51,52,53,Pav:Pd)

dsy
ot - f2(®av:51,Pav)+921(Pav.s1)u1+922(wav.Pd)u2

dso
ot f3(wav,$1,52,Pav)+931(Pay.S2)u1

dss
ot f4(®av,52,53,Pav)+941(Pav,S3)u1

dsg
ot = f5(®av.83,54,Pav)+951(Pav.s4)u1

gt~ T6(®av:51,52,83,54,Pav.Pd)+061(wav:51,52,53,54,Pav)u1

dPyq
ot = f7(0ay:81,52,83,84,Pav.Pd, V) +971(®av,$1,52,53,54,Pav:Pd, V) u1+972(Pd, Vw)u2-973(Pa, Vi) u3

dVw
dt = fg(0av,51,52,53,54,Pav,Pd, Vw) +981(®av.S1,52,53,54,Pav.Pd, Vw)u1+982(Pd, Vw)Uu2-983(Pd, Vw)u3

y1=Pd, y2=,=h2(Vw), Yy3=ws=h3(Pg)+d3(Pg)u3
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Linearized Dynamics, Poles
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Linearized Dynamics, Zeros
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Transmission Zeros
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Transmission zeros
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Drum Level, Normal Form
—e] FUMNACE | -
Drum
u 0 & : y
2 Valve c . . 2
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ctuator LOOp
"3 - Valve At. (DS. 1 Y3
Actuator ? .
Vi 1 Zs 1 Pd yl_zl
—_— — —
S S
Vo 1 Z 4 1 y y2_23
—_— — —
S S
V3 1 Zg COS 1 y3_25
— >

UNIVERSITY




Drum Level, Switching Controller

s, = 0.5z, + 2, :(Pd P,)/ Py
s, =05z, + 2, =/
s, =0.0001z, +0.02z, j )/ @ dt

u (x)=-U;sgn(s’),i=123 s =p'Qs(z)

'0.0071 0.09436 -0.9350] [5 0 0 -
p~|0.0031 0.06793 -0.1461|,Q=|0 01 0
0 0 09176 | [0 0 0.001




Drum Level - conventional, PID with Steam/Water FF
load change 80-75%
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Drum Level - Conventional, PID load change 15-

20%
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Drum Level - vs control, load change 80-75%
Q.o,A—>P,, 1 o
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Drum Level — VS Control 15-20%
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