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Nonlinear Modelling of Kerman Combined Cycle Power Plant Drum-
Boiler and Drum Level control especially in trip conditions

Mohammad Maghsoudi, Ebrahim Salarizadeh, Meisam Yahyazadeh

Malihe Maghfoori, Hassan Fatehi Marj

Abstract: There are various methods of power generation such as combined cycle power plants. There are
many variables in a power plant boiler unit, but the most important variables are Pressure and specially drum level
that control system should be put it in the safe range. The purpose of this article is, modifying the oscillatory
behavior of the drum level of Kerman combined cycle power plant and especially control of drum level in trip
conditions. At first in this article, high pressure drum boiler of Kerman combined cycle power plant is modeled
and analyzed. Then drum level control logic of power plant is analyzed and modifications are being made to
improve this logic and the results are compared in practice. In the new logic, a control loop (PI) is used for the
error signal of the output steam and the input water to the drum and a control loop (PID) for the level error signal
and for more accurate estimation, limiting the drum input water and protective conditions, drum pressure signal
is used. In fact the new logic is cascade control by measuring four elements for estimating the input water to the
drum. The results show that the new logic reduces the Kerman power plant drum boiler level oscillations and
keeps the drum level in the safe range very well in trip conditions.

Keywords: drum boiler level control, Kerman Combined Cycle Power Plants, cascade control (four element),
PID controller
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Journal of Control, Vol. 13, No. 4, Winter 2020

QA Olies F o jlod VY o oJ 28 e


http://dx.doi.org/10.29252/joc.13.4.37
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.3.0
http://joc.kntu.ac.ir/article-1-544-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.3.0]

[ DOI: 10.29252/j0c.13.4.37 ]

Al s e a el e SRS 50l S oS 5 S oy el e b (led e ¥
o @JB&}LL;)}&bﬁlﬁaaa\jﬁr:?aga:ljé)Yb ol (63 aln oz

dp da,
—+e L =Q+ah )
dt 33 dt Q T chc

e32

g gr 8 5 Dol 0 OT 53 oS

e, :(,;W%m,hc apWJ(l—av WV,
op op

» Cop
+o 4 )a )y, 22 an
-V, +erp$
op
dav
e33 = ((1_ar )ps +arpW )thr oa

r

S35 5 6l se Sleslinal b 550 YL Slad 53 (o 2 OL >
AT o Cawdts 5 Dy ooty S5luesle oS 5 (V) 5 () ladlslas 5o

~dp, . =\0p oa, | dp
=Q, -V S+(l-a)—=+(p,-p.)—- | —
qr qdc r av 6p ( v) ap (pw ps) ap d[
da, da an
+ (pw_ps)vf " - :
0o,

r

A el oler a5 0 JAa¥-Y

0 VU ) i 51 Sl ok 13 13 (S5 oty
2 m 103 3,15 Sl o 5 4 62555 T 5055 o ol gl
T 0B e 31 58 0B 5255 Ol e p ol ads Sl S e T
(Vsd) 1> lams 5 Sl oz 30 poler kie 5l & 2580
gl 5l s S b 55 (Vwd) Tle a5 OT il e
23 b mle w5 56y 1y (o2 45lse Ao e (dsd) o
Py Ol

d

E(psvsd)zarqr_qsd_ch an

—# Ol 25 Dot S Wik (Ged) plys s uilaiST OL

Y
oh oh
PNy —=+PV =
h,—hg, 1 0p 0p
Qe = h as +F dp ot Ov
¢ ¢ (*Vsd+vwd)a+mdcp 0:

S 5 DT & st oy 4 55 b o S| s 5

::}idclﬁ:ﬂlﬁjQ)}_,an\{(\):qd:j)joliﬁ-p:;u)

quzps (Vsd _V53)+ar qdc+arﬂ(qdc_qr) (\0)
d

T

Lgh g N 5 et S OT 2
€1 =Py Ps

Puy P
o "o

€n= pwhw _pshs
€ = Vi (hw Py TP %] *

e, = th

op " op

+VSt hS aps +p5 ahs
ap op

-Vi+mC, ?—5

,liﬁrlpw«;fd.\.a\’—\‘
s 5 ST Gy 4 B 5 T w5 5 e !
D S g e AL Sledde )3 4S5 ol
Sl 1y o @3lsn sl a (Ar) 0k VL Gl 51 (g

BDaher Ol ) D sen ek YL
d — —
a(aV psVrerw(l_aV)Vr):qdc_qr \%

s b (A) aods VU 3 b ez S e (alv)

Sd) 4 63555 o 0L (Ade) 5ok VL Glady) 5l s

23 Dozt 550 Nl el gl ol (65 51 453l gn Bl a0
Pyt

g(ps hs&vvr+pwhw(l_av)vr_er+erpts)

dt W)

=Q+q,h,-(a, h.+h,)q,

FB e 00l Sl O Ol "3l 20 5 51

28 J 530k 2 Olen reb OL 2 b 656 1 Ll el I 58

0 pomly S 5 o VU slad S 0900 wle J&a o8 s 4

25 oo ek niml 5 ok VL Glad 6l p e 4515e AL 0
e

d — k 2
qdc :(pw_ps)avvrg_i qu

L +L
( r dc) dt prAdc

—d g Jsb (Lde) 5 (Lr) eobal S8t o s (K) dslas ol 53 &
sl o ol o) alaie o (Adc) 5 060 5 0 YL (sl
P O s dalaa b (525 53 0L

qZ _prAdc(pw_pS)g&VVr Q)
dc —

k
)AJ.}J;.‘YL: LgLMJ}S Ls‘_)'.' (V) 65]"‘5(9) s Jslre u:f;b

-3 g o oL 25 Asles L g e & J?}g,n slre ¢ jlwesl

2 VVolume of the Water and Steam under the liquid level

! Force Circulation

Journal of Control, Vol. 13, No. 4, Winter 2020

WA Oltne oF olads VWt (J 257 dlee


http://dx.doi.org/10.29252/joc.13.4.37
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.3.0
http://joc.kntu.ac.ir/article-1-544-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.20088345.1398.13.4.3.0]

[ DOI: 10.29252/j0c.13.4.37 ]

" Al s e el e SRS 5 0l S oS 5 S o5y el e b (led e
o @JB&}LL;)}&bﬁlﬁaa;\jﬁr:?aga:ljé)Yb o8l (63 aln oz

S (XSTEAM) wibi 51 0T (Sols g 5 ol s G o5 61
(IAPWS IF-97) sjiwtat plul , OT Salusge s olss
el ol oslatul ol gy

A2zl e a5l 6 (MATH WORK) el 51 aus™ o

e a3l ]2 0-F
i S Ll gl olie 0357y gl b oy S
plo3 oLt 5 plys 4 63555 T 0L 2 (sl e &5 Il &8 Sl
4 63505 Dol ehs Sl s A b 0L e r;—i A
ST o Csas (1)) dsles I R e S IS ENPEE I

gl ol Sl s dien e kSl 13 (YY) dslee

a¢=d;
Q:qshs_qfhfw
Q:qdcarhc (“\>
T,(h, —h
Vsd:ng_ d( = f) f
pshe

S g CohS () dslae 53 53 5 55 0 o g5 3l eslizal b
sty pj (o b Aol Olejon o b o VL Glad 51 25 5

AT e

Q=cah \/pr Ad: (pw_ps)gavvr
¢ k

Y)
o, =P [1— s In[l+p\”_p5a,]]
A= (Au—p)e s

I b K Olgea | (&v) S gz i (YY) e
20T @l & ab ol S (r s (Q) 3555 <yl Jus!
s o5 ol Sl o il S5l sl el 0L (V) S
a3 e Ol b a ]y Sus
23 S sS Olaw coml bl s S das s OlaS e
— o S o Lo 3 (S5 D sl el (63555 )~
s o3 Sopls s p s S10L S o855 55 e Olgien 58
25 (MW) 41 (MW) 51 ) 53555 015 5 358
SIS Gose 35 A5 oo iy 2alS AV by e S il
o i kil 22 P (MW) 4 A (MW) 165555 015
kS Doy g0 534S A o Ol ameS ol AST e Iy EalST Y e
S Sl Gla3 3 a8 VL b 53 e Cad D i (63555 Sl
w:a.wJ.u;@;)u;Ji;@té\,,;.;)\;,\;oﬂg)pﬁkﬁ

Blowd 515 bl o Vo slasl 515 ad eoml bl 5> (S tbper 5

45‘6'4_)3 Ll a s Cb; J=1s )quqv-e-l;&: ol (ng) "y
sl rl): J=1s Sbu s 0l (Ta) 5 3,08 S c-\)b 25 elkS
:-\{T@Cﬁw:@ﬁj&uy@kj(b:&l:g—l’w

de :VWI_V dc_(l_av)v O

r

gl L Olg e 1y ) 5 3l ol ants S ¢l
3 plos o ol it 35T s & Jla 5 (6,18 o 53 (Ad) oosb

== %)

Sladslre ;.A;JSl{)(\\”)d:w):ck“ﬁj)\;qdﬁdjlyli

w0l Vb glad ) 255 53 e 03 o 4 S (00) 5 (1F) ((VY)

Bl ol o s S b F s s s iS5
250 Ol D) st poler e 4 by Aol

dp da, avy o
+€, +€, dtd =7
d

(Vig V)
a OA)

g r Ol 25 st il o S

op, 1 oh, a a,
€, =Vy ;; +h—(psvsd $+%de %’Vsd ~Via +M,C, éTp]

+a, (1+ BV, [&v %+(1-Ev et

dav
B |

_ » 09)
day
oa

r

€3 =0, (l+ﬂ)(ps ~ Pw )Vr

€4 = Ps
S JaeFy
(Vwp) &7 5 o= «(p) plo3 Ui Jold ply5 Hlgx 45 0 dte
o 25 b o2 5 (O ) Lo VL 51 s 5 Sl o kS
55 €46 B11 Lol b 5odd ;;Lg(mmw,;éf),w(vswcu

sl o 151 (14) 5 (VY) o(P) sladdslas o

av,, dp
— W 4 = -
ell dt + 12 dt qf qs
dv, dp
e, —" e, —=Q+q,h, -g.h
21 dt 22 dt Q qf f qs S )
d da
e3 d?+e33 dtr :Q+arhchc

d de dv, A
p+9437r+844 . zﬂ(vsg _Vsd)+

hl 7hw
e —_
2 dt dt dt T, a
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