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The simulation of turbine trip on range mode of Shoaiba desalination plant
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Abstract

This simulation shows turbine trip on range mode, combined operation of 4 boilers and 5 turbines, for
shoaiba desalination plant which is being operated in Saudi Arabia. In this model, unit master controller
controls load demand, fuel and air flowrate to be consumed during operating of the plant. Feedwater
controller controls drum level to compensate feedwater with superheater steam flow. This analysis was
performed by constructing a dynamic model of the plant using ProTRAX and running it through the

appropriate.
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: conductive heat transfer through drum
: drum length
: thermal conductivity of drum metal
: temperature at inner surface of drum
: temperature at outer surface of drum
: inner drum radius
: outer drum radius
: metal temperature derivative
: drum metal mass
: drum metal specific heat
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@A A9 olgujoje] AAHoO] AAFA
Shoaiba boiler &) ¥ AFEA sHAd] glo] &
T2 449 nded) 409 Hule] AZgo]
Qi 19 ElWto] common header & £33 4 dj9]
B4 929 range mode A4 nAe9} 944
2 199 €Y mpol g )4 Aol A

Y EA23q 712979 A2uAdAold 1Y

o glo] FAAL 1Y safety valve o 7N A
22 gyl wipAl WE $8L 7149, plant &3
o] 7F5% load ramp ratio S AA3sE Aotk
EAb Qo) 3 AR wE Zpr) g2 WA
2A e Agd 2AE AEIFPT. B,
5T AE 98 2AA R BEE A7E
HAEgon, AZjEYd 2E OZ d%F BOP
(Balance of plant)5> 29 A oA A=t}

2. HSCtype 2izie| 2a@g

24 HSCtype 27

QD77 AR EA %E HSC (Hanjung -8 F3-
Single drum Circulation) R.¥#& 2A49 39
Z717F dad g3 A4 SA= Hgs B
2 AA Fx2 @d =3, 44 €8 Por &
d EE Jf2E A AW A4 AL JHAG
drz W gF99 $d9, &g, 297 € 34
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a7l 9429 BAEERE &3& H43)
71 98 disAGel sAF e} ndoint.

2y A4d g5 SWEL HSC Type BY
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99 9@ 2 Age gedt 2.

Fig. 1 Nonreheating HSC Type boiler
Table. 1 Specification of Nonreheating HSC Type
boiler

TYPE NATURAL CIRCULATION WITH DRUM

CAPACITY 100MW

FUEL HEAVY OIL /CRUDE OIL

FRONT WW
FRONT SIDE WW

WALL FRONT REAR WW

CENTER WW
HEAT B.P SIDE WW
JABSORBTION B.P REAR WW

SH LTSH, MTSH, HTSH

ECO ECO, ECO HANGER

DRUM PRESSURE 102BAR

HTSH OUTLET

STEAM TEMPERATURE |523T

2.1.1 Model scope

E 2Alo] Z8¢ 29 Shoaiba boiler = A
A4t doju= fumace 9 flue gas7t o] FE =
backpass £ -2 €t} Furnace oA @40 <) A
A€ flue gas = screen wall & 53} backpass 2 ©]
59}, Fumace & QA @ Must Aol o8
Ao} A heat flux & S5 water wall B2 -
4451, backpass £ flue gas 2HE 42 T o
Al ERo ojojAE 27} wall E7 backpass S
o $IX3te] flue gas2HEH FL& Frde
Economizer, Low Temperature Superheater, Middle

Temperature Superheater, High Temperature Superheater
oz o]FojA vk F4E ECOE AA hanger
whe & W =@oz oFam, =N 2l
Z71e #E715S AvaA e, 1] #4437
7t 94
2.1.2 Custom code

B =% 89 Shoaiba model & ProTRAX 7}
AAT Y 712A code & AS3HA 2SR
on  AAtol AL4E 7|22 < mass, momentum,
energy BEAE ofe} 2}

_ald.g._aﬂz()
oo
oWY)  OMV) _ _, (9PA) 4 s o P e+ Wsin 6]
ox o ox
. 2
O poh 1 _kOT 1ddoT
ot x p p x* Adxox
q-7)_,
pA

2.1.3 Drum metal temperature
=L 4L AdAZ FLddA 98 ddx
AR Qed, =d ¥ &ET liquid water
temperature, 97} 2=+& 25C, natural convection
cocfficient £ =39 9% %8 ¥, =¥ wal
2 =3 conductive heat transfer = =3 Yl 9
R 2xxE B3 ANHJL. 2@, 2dAE F
% conductive heat transfer &= =3 Ul9F ZAAAT
9] &xxE 3 AdHATG
o - 2% 7. 1)
oy
N ro
=¥ metal § A9 LXF energy balance S
S8l AdEAG.
AT _ 9anm ~ Dinsutation

dt MC

4

2.2 Heat balance

Heat balance € 3l inlet, outlet steam condition,
gas condition 5] Fdr} ol AAFI HF
e T 7HAoFR @t
2.3  Model parameterization

Model parameterization & 2 7} ] data & 99
Fo 2 o]Fo]Rt} Tube size, metal masses, pump
head cutves, valve stroke times, etc. 52] physical data
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urit waster Controller

9} full load pressures, flows, temperatures,
_ compositions 52} operating data & }Ho] VRS
A |t

2.4 Range mode

Unit mode 8L 1 boiler/ 1 turbine 2 E FAE
o] $-A=1, range mode(4 boiler/ 5 turbine):= 4+
Aol 749 85 bar @] common header & %3 4 o
9 nYYox WwAY TL gy =7]F AR
7 st = gHWle FEeE 4 WS
A3}, Unit mode &AA Y AT range mode
4o AARALE AN Aol Ay 7] o
& 4344 #g A

2.5 Model control

2Ad A48 FLE Ao)E=  unit master
controlier(fuel and air flowrate, load demand control),
drum level, HP / MT superheater steam temperature,
bypass pressure & Ao} 3t7] $} % controller 7} ZA}
9 A&HA.

Fig. 2 Unit master controller

3. ZA}

31 29 AS

2do AL #5387 Y8l unit mode o] o
2 AAMCR) FHolA S Ea AARE v
®8t3, 2} load(30%, 50%, 100%)] Dj3+ S o)A
o] Fawso ¥nt oty ¥ 33 o

Table. 3 Design and simulation values for major

COMPOnents
. 30% 50%
Variable Design | Model | Design | Model
Drum pressure 86.4 86.4 87.7 87.7
Steam flow from boiler 59.6 59.4 99.1 99
Steam temperature at
Shir 2 outlet 457 457 460 461
Steam temperature at
Shir 3 outlet 516 516 523 522
Fuel flow 3.9 39 6.3 6.3
Spray flow to
Attemp.1 0 0 0 0
Spray flow to
Attemp 2 0 0 0.24 0
Economizer inlet
temperature 185 184 201 204
Variabl 100% BMCR
€ Design | Model | Design ] Model
Drum pressure 89.8 89.8 92.6 92.6
Steam flow from boiler | 159.3 159.3 181.3 181.3
Steam temperature at
Shir 2 outlet 473 473 482 482
Steam temperature at
Shir 3 outlet 523 523 523 523
Fuel flow 9.7 10.2 12.1 12.1
Spray flow to
.0 6.0 7 11.7
Attemp.1 6 1
Spray flow to
29 2.7 5.6 5.6
Attemp 2
Economizer inlet 25 23 26 226
temperature

32 A i

Shoaiba boiler &) range mode -7 2] turbine trip -
MCR to 100%NR with & without letdown system -2
ot#lle] 4 7}A) Wyl whe A At

Table. 4 Turbine trips for 4 different methods

i A

1. With letdown | -. Steady state for 180 sec

-. Trip #1 TBN

-. Open #1,2 HP bypass valves

-. Set ramp ratio with 45%/min down
to 100%NR manually

-. Tune gains for air & feedwater, fuel
flow controller

-. Close #1, 2 HP bypass valves when
100%NR load demand is achieved at
UMC

2. W/O letdown | -. Steady state for 180 sec
-. Trip #1 TBN
-. Set ramp ratio with 45%/min down

to 100%NR manuaily
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-. Tune gains for air & feedwater, fuel
flow controller

3. With letdown
& Close 85 bar
common header
valves of #
2,3,4 BLR

-. Steady state for 180 sec

-. Trip#1 TBN

-. Open #1,2 HP bypass valves

-. Close 85bar common header valves
of #23,4BLR

-. Set ramp ratio with 45%/min down
to 100%NR manually

-. Tune gains for air & feedwater, fuel
flow controller

-. Close #1, 2 HP bypass valves when
100%NR load demand is achieved at
UMC

4. With letdown
& Close 85 bar
common header
valves of #
2,3,4 BLR

-. Steady state for 180 sec

-. Trip #1 TBN

-. Open #1,2 HP bypass valves

-. Close 85bar common header valves
of #2,3,4 BLR

-. Set ramp ratio with 45%/min down
to 100%NR manually

-. Tune gains for air & feedwater, fuel
flow controller

-. Close #1, 2 HP bypass valves when
100%NR load demand is achieved at
UuMC

-. Modification of valve stroke time

3.21

DA} ol whE sHA A3

=g, dad9l: # 1,2 BLR 2] HP bypass valve 9]
open/close stroke time & Z°]7] ¥ HP bypass
vave = deA @A Sy # 1 BLRS HTSH
steam flow = # 1 BLR 9] pressure drop 3 ¥ 35}
o] 100%NR steam flow 2} 85.15%°l 3 2s=
steam flow & FA35 3t

With letdown system

A
BV ﬁ

-8 . 0
03 58 1114161922252730 333638 41 44 47 29525558

=
>
Steam flow to # 1 HP
safety valve kg/s]

Drum level Diff. [em)

Time [min]

With letdown system

XA} 1 ~ 4= MCR to 100%NR for crude
0il(45%/min ramp ratio)2 TBN trip on range mode
with & without letdown(bypass) system & 388 %
ouj, Ao dJ(steam flow to 85 bar common
header ~ 0 kg/s)ol @&} TBN trip on range mode
with letdown system ¢} 79 # 234 BLR 9} 85
bar common header valve & 1 XA} 3,48
K. =

A1, 2 839 93de 4, tipHA ¥
& g5bar common header valve 2 Z=2& F3F0]
ZFO)E7)e ) ~0kgis 7t HA @ESol d ¥4
< 53 FAHA. dAT, #10BLRE FYHE
steam flowrate & 100%NR ¢} 232 %359

A3 @ g3 w2t #2,34BLR ¢ 85
bar common header valve € €1 (= 0 kg/s)ZA}
g 93994, #1, 2BLR 2] HP safety valve =
de)A) 95 # 3, 4 BLR2] HP safety vaive 7}
HTSH ¢H8] 3712 s A HAd

SA} 4 2] HP safety valve 7} |2l
£ 2A} 39 v #2,34 BLR 2 85 bar common
header valve ¢] open/close stroke time & S 1

ol—_za
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Fig. 3 Turbine trip with letdown(MER to 100%NR)
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Without letdown system

With letdown system & Close Com, Header valves
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Fig. 4 Turbine trip without letdown(MCR to

100%NR)

Fig. 5 Turbine trip with letdown(MCR to 100%NR)
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With letdown system & Close Com. Hbader valves & stroke

time
2 —— B
0 = 4
2
g—d ‘231
€ 6
g SMto#1 ~4HP salety vaves §§
-8 0
0123456789 1011213141516 181902 23U 5621 BB
Time frin]
With letdown system & Close Com. Header valves & stroke
time
a0 2
e 2
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Fig. 6 Turbine trip with letdown and modified valve

stroke time(MCR to 100%NR)

4 Z B

o Aol R FHEL NV safety

valve o] 7 E 2 HY wipA WE FHE 7}
Ao, plant 0] 715 % load ramp ratio & 233}
£ Aok 7] #dE T 2&5 de =4
2 of#fsg} o

¥v" 45%/min load ramp ratio

v HP bypass open/close stroke time (3 & 30 sec)

v 85 bar common header valve open/close stroke
time (100 sec)

371 278 ALA EHlo] uip® # 1 2dHY
%32 o] 100%NR o] U] A Rt 2] &
2 Z71A717] 94 load demand(100%NR) .t}
=L load demand 7} S TFHOAF & Ao BY
. B =52 E3 @44 range mode T A
Z3 ARE 49 § L Aoz wdHH,
A Aot vng Fi EAd did AFol
Fo1Ad Ao
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