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1. Introduction to control characteristics analysis of dynamic process
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@RC Components

Control variables

Control strategy Regulated variables

Control algorithm
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Control Characteristic Analysis
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2. Control strategies of ORC system
>

(a) Control mode A (b)) Control mode B

Control mode A Control mode B
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Control mode and operation pressure

Fixed pressure operation

« Keeping operation pressure constant by controller adjustment

Slide pressure operation

 Pressure changes freely without control action

* Pressure changes iIn accordance with setting curve by
controller adjustment.

R (%~ F

TONGIJI UNIVERSITY

.=\ SCHOOL OF MECHANICAL
f ENGINEERING




I.NRCZO [ The study of dynamic process of ORC variable conditions 1
o’ 17 based on control characteristics analysis

3. Dynamic response model based on control characteristics
3.1 Dynamic Response Characteristic of ORC Components
working fluid pump:

Mass flow change passing through pump to pump speed variation

Np(s)
W (s) = m,(s) _ K Mp(s) Working fluid pump
P n,(s) 1 obey proportional law

evaporator
Pressure before expander inlet valve to pump mass flow change

pU,in (S) . 1 KZ pV,in(S) PT

W,,(s) = = @
ev (S) m, (S) 1+ TlS S Mp(s) My,in(s) l &F m/ﬂn(s)
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scroll expander
Condenser inlet mass flow to mass flow variation through expander inlet valve

Mv(s)

mc,in (S) . 1

W — —
ex (5) m,(s) 14+ Tys

control valve of expander inlet

m, (s)

VVU — = K v,in
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3. 2 Transfer function of controller

Controller of entrance pressure of expander inlet valve by regulating
valve opening in mode A <§

1
Gy(s) = K; +

— (PI CONTOLLER) Evaporator
T5S

Valve inlet pressure is controlled by regulating working fluid pump

Evaporator Valve

speed in mode B >
_1 + = Expander
Gy(s) = —Kg + — (PI CONTOLLER) i
TGS ” f‘((jjf
%n
Pump
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4 Result and discussion

4.1 Dynamic model of control mode A with slide pressure operation
my(S)[T T K, +Puin(8) my(s) [ 1

Ny (S )mmp—p K. > ~TiS 1M (S
P ! 1+ T, s fl T+ Tps - 1+ T,s cin(5)
Wp (5) Wev (Sj WV.pTI'I'I (5) Wex (S)
1 —Kg
—RKg+ 13T :
e _"'mc,uut(S) TS S

Wv,mTp (5}

W, (s)
Fig. 2. Dynamic response model of control mode A with slide pressure operation.
Transfer function between pump speed change and condenser inlet mass flow

Wv,me (S)
_ Wv,p Tm (S) Wv,mTp (S)

Mass flow variation of condenser inlet and outlet

mc,in (S)
ny (s)

Wp,cin (s) = = VVp(S)VVev (s) 1 Wex (s)

Ame g (£) = L [np<s)vvp<s>ww<s) —w M:’"’Zn);s/) — oy W (s)] Ameoue(t) = L7 [y (5) W5 (5)]
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4.2 Control mode A with fixed pressure operation

Ky
- G_TIS
1+ T,s
W, s
Pv,in(5) v.]:-Tm( ) +
my(s) 1 K,| + T2 (5) mo ()T
> P 2 v v .
MpS)=* K - — > K — K > 111 (s
p( ) ' 1+ T,s s ’@; 7 +T55 3 1+ T,s cin(S)
Wp(S) Wev(s) Gy (s) WV(S:} Wex(s)
Ko 4+ ——elq
s 1+ Tzs s h
> Ky _""'mc,out(sj WV,I‘I‘ITp(S)

W, (s)
Dynamic response model of control mode A with fixed pressure operation.
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4.3 Model Simulation of Control Mode A

Relative Miass Flow [20]
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(a) Slide pressure operation. (b) Fixed pressure operation.

Mass flow change over time with mode A
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4.4 Dynamic Model of Control Mode B
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Dynamic response model of control mode B (Including fixed and slide pressure operation)

Pressure set-point bias of slide pressure operation

Bpsp (S) _ K9

w. =
m,(s) 1+4+T;s

psp ,B (s) =
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4.7 Model Simulation (control mode B)
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(a) fixed pressure operation.

Relative Time [%)]

Relative Time [%]

(b) slide pressure operation.

Mass flow change over time with mode B
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5. Conclusions

@ Control mode including regulated variables, control variables,
control algorithm and parameters, influences the variation trends of
parameters of dynamic process. But control mode has no effect on
final stable state.

@ The selection of fixed pressure or slide pressure operation affects
the final steady state value and dynamic variation trend of
parameters.

@ the variation trends of mass flow can be controlled by changing
control mode or operation pressure. So, the parameters change of
variable conditions can be limited by control strategy.
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