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Analysis of Start-up Characteristics of a Heat Recovery Steam Generator
Considering Thermal Constraints
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Abstract

A thorough understanding of the transient behavior during start-up is essential in the design and operation
of the heat recovery steam generator(HRSG). During this period of time, material that is exposed to high
temperature and experiences a large temperature variation is subject to high thermal stress, In this work, a
transient formulation of the HRSG is constructed including the estimation of the thermal stress and fatigue of
the drum wall. Start-up behavior of a single-pressure HRSG is analyzed and the effect of bypassing part of the
gas turbine exhaust flow on the thermal stress evolution is examined. It is found that the modulation of the gas
flow rate using a bypass damper is very useful in view of reducing the thermal stress of the drum and ensuring

the fatigue lifetime.
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Table 1 Design specifications of the HRSG.

gas inlet temperature 800K

gas flow rate 120kg/s

steamn generation rate 13.57kg/s

Live steamn temperature 780K

Live steam pressure 50bar

Low pressurc 10bar

deaerator pressure 1.4bar
superheater area and mass 3110m’, 34850kg
cvaporator area and mass 8110m?, 53210kg
eonomizer arca and mass 4160m?, 27320kg

‘Low pressure evaporator area and 920m?, 6030kg
mass

feedwater preheater arca and mass 915m’, 6010kg

Table 2 Design specifications of the steam drum.

Inner radius 0.61m
radial thickness 79.4mm
Length 8.32m
mass 21370kg
density 7850kg/m’
specific heat, c,, 0.544k)/kgK
modulus of clasticity, E - 220GPa .
coefficient of thermal expansion, of 1.28x10%/K
Polason’s ratio, v 0.29
tensile strength 100MPa
yicld strength 50MPa

& 22 AddE uEy gae 29 AFEe
B AHRT

RN -ET O

B AT WA asMwE e §9E
(ZF2E R 30MW, F7]HYl 15MW)8] HRSG ©|t}.
AAM HADg B ARl Foizl
HRSG ¢ W3t Alg A& %o Fa
A QL Table 1 I 2t} =7 AJL SA-302C o],
ASME T2 ®oj m& dA 3§82 184MPa 0|
th F7I=de AN E #YAE Table 291 e
U oslek =@a vaste o duirie 43
Aol thd Aolrl glont HgHd WeE &
2tel7h gleng, =il e & Alsth 7t
2B RIS 2NE HRHE JtAe Aduadie AA
9l IAE ZtAENe Mg B AT AAH
ol A A ALg-#, Fig. 5o JEhd ut
o} P}k Jtze] 2E9 fFo] IR e
sto] Yaatele] m=gde, AlE7|E B 7MAH
R ghd7)old {17 ehdizla shdAgelEel Ji
T(opening) =R WYHHUAM doxe AYAQ
Hejolt}, B AFdME FFAERY THHE
HE HRSG ol Fwsts W4 fdx dxe 7t



2y Agasd ey ¢ F/PRA7Y A R Ny

1 T 1 T - L) - 1 900
’,‘ 800
’/‘ . - 700 g
S ' - 800
............................ 1500
!
f gas lomparatre | o 4005
TP gas flow without bypass | 200
......... gumww‘mbm”
1 1 1 1

0 - T 200
0 300 1000 1BDQ 2000 2500 3000 3800
Time (8)
Fig.5 HRSG inlet gas flow and temperature (scaled from
gas turbine exit raw data™®),

g

T T T

T T T
AR RATARL AL A A
i

g

TFomparature (K}
g
T

&

— gas exit -
/ -=-= (metal at seam eaxt

g
£
3
g

1 1 1 1 L 1
0 500 1000 1500 2000 2800 3000 3500
Time (s)

Fig.6 Temperatures of gas exit, steam exit and metal at’
steam éxit of the superheater (without gas bypass).

24 vpo|W2AI7)| & AR ue s &, 1
HolA mdoz Jeld fFE vl o] B4
® ZAE] $8td 7R E AezA, dAAoR
#%8& FT7HATIE Btk JtALEE F7HA
Ago] BE Fl2Ey wrlzhezs FIsich
AlE 2712308 293.15K, 1.013bar o9, X7]9) F
T 4dr], A7l R FE7) el #o A
AL, BV e 2714 Bo] EA4HA gfevin
ZHgec. 27 EP4ie dH2ZRE 0.2m o)
=3 : '

3.1 diojlmA Il gl Af

b2 Rle] AlE& BHEAM W= HA 9 )
717427} Z1tiZ HRSG # #3434t} Figure 6 & 3
@A 7tE BFELEE, 37 FTRE R 27

2FA0INe dRRY) F49) LER VeI

270 Bl 277 ez wrizkie o
o] i@y E&& 7tded AHEEY F&
8] £% F7p7t Ak Fdel dely #dr=E F
77t fAs7 AFeEEdE tAAR F7) &
Mo dAEAS7T B3 ARZ Fr)9 7L
EE W H4x9 g4 &% wl$ Mg Figure

¥ ——-gasext
300 L/ S=s= meta) at watdr et - |

m I. l 1 1 1 I
0 600 1000 1800 2000 2300 3000 3500
Time (s)

Fig.7 Temperatures of gas cxit, water exit and metal :at
water exit of the economizer (without gas bypass).

8o T L ! o 12
. %0 -
ge
M
ot
R
'ao aoo 400 ocl)o atl)o " 1008%

Tima (s)

Fig.8 Drum pressure and water level (withouf gas bypass).

78 %ﬂ\’&?]-ﬂlﬁ - 71~¢ i?&i, 37 i--?&i %
57 T BAM Y QLYY T4 L= BY
Fed, AMF AN At Adr)AMe &
Abstel, @y 2719 & W] Rl Ay
71€ Fig. 5o YeEt Sl= g% $FAH
7te QR ¥R A golwoly] Wi 3
W7 BT SRV AY Wi, Adr),
7] ¥ €3 AR AJF AL
e vad @t Wolrk <F 2000 % o]
A2glo] el Feste Aoz Jehdt,
Figure 8 & SR +E 9] ®isigl sy
o] Yot A7 =3 ¢ W Y
B3 gich X7 e FNEL &9 £ 9
% Hd 71 Q%& e, FWldAM 200 &
AB/AMLE =gue) F7)71 EA oA
AEL 7 B4 2 v, gty o)At

AE A2 gtHol F8A then. A9

2717 wAE7] AaaE Fwvls UEst 39
8 FadA Hi WES Fie =HoR &
Wule qU& #A HAM EHolM 49
T2 F7Hswell cffecty® 7HAR T ol € A
A& B3to] o= AlVle] FrietEe] =Y RS
#19 Bt dolveEA# 4%% F Uk =9



1418 44 - AFA
560 T ... | A .. 250
m o ’ - m -

€m0 [
- 1w i
gm Y7 UL rperatrs | B
a0 - — thermal stress B
300 | .
L 1 1
280 0 BOO 1000 1500 2003
Time (3)
Fig.9 Temperature and thermal stress at the drum inner wall
- (without gas bypass).

9] A7)le ol ¢ <49 VAF ¢8R ¢+ AT
& gdAE o} Bt 4 o AE9} 28 AL
& ANAYe X A % JtaRRE] AW
Aefol &%l & 4 Utk F B AdAME
g Fe A Ul FAE ¢4 e doly
E AoE dase gled, o ¥ e A3}
i ghde) W x7] Aefel A Y] Al E(cold start)&
7] g e Fygo] M2 dASE AlHY 4¥
o] ol REdy Fy|e YEAZ} A7) i
Hojve WYz oifHT). <& &0 o= F
E 2%, el w& AddMd AFHE BFS
(warm start)oll &= =4 4o Y7t 18 ¥AE o
& Holth E¥ st RE Y AR ey
THES 27} v @A Aot}

T 2rless AN Y & $9
4 ¥ =@ & WedAe d4¥e WE
Fig. 9¢1 Yelda itk &8 %71 AgdwA
WEYoe] wolA izt 3771 A4E ¥ &% F7)
€717 AR @8] FAHY wolNoh
a2 5 oA % W 7)47)7F AolAwA d8
P& a7 AR, L7l dAsEoR #
AN G&HLE FH8 FA9 FI)FL
HIgYL F717F w4 X7 dAdN ¢Ad
H9, O A= ¢ 230MPa R HAMEEY
(184MPay& WolM™, HZ Alo|F HFE 1200
3 =" oAgc)

32 dlojmjA I e AR
wlolmjA A ALSEY FAENe) AEd
HFYIHoZ HRSG & FHo] 7t wi7|7t2 9]

g 22N 4o FF& AL + U

A71ME 1300 X7 25%9] K%, 2700 271X
S0%9] FE 2 olXZE 100%%] F%el H=
% Fig. 59 @o] ulo|NAF NR& W] W@

AR - eed - LS
800
700 L
. g600 -
gm [
F a0 ——gesaxt -
/ +=+= metal at steam exit
m --------- ”nm.m i

0 800 1000 1500 2000 2500 3000 3500
Time (s)

Fig. 10 Temperatures of gas exit, steam exit and metal at
steam exit of the superheater (with gas bypass).

660 i T T U T T

;T
s

800 -

2ol
40 |

R 30 r

——gas et

300 === metal at water extt

250 1 1 1 i 1 1
0 500 1000 1500 2000 2500 3000 3500

Time (8)

Fig. 11 Temperatures of gas exit, water exit and metal at
water cxit of the economizer (with gas bypass).

2o Bgke},

Figure 10 3} 11 & 3G7| ¢} FAW7lolA 7F2 &
T8, 27)(#) ®#TF2E 3 F7)@R®TAM Y
dar) dL2=& vehan ok wolig 7}
29 §F& MBI AHA X7} o} F&
ANHESE 48 W) v FRAHe EF
7t 714&7)(R8 X7V )7} vho] AR X
e A9 vle Zm, wEsd AL =
@ihe Algte] Fhgth =PulRe FrgE s
+91% YeEld Fig. 12 % BHAME Fgo] dojut
B ANAED AT Tyt A7ke] Srbg&
& 4 Uth

HUY FU)Y £x e 4-&¥ wiE
Fig. 13¢] Bt x7])o 7l22R e @ARE
of wolA §HAFe] o, witd H1 @F
L % 160MPa B HAYEEEET Wl =
U 37 259 4 7187 duFog g
Wolx) ZEL wvpe]2ttA] ke H4st fALEL
o2 €99 4% ARE KA 89 ¥z
Atel# B4 o 6000 8] FER o] Adx|
we ko] Hael vind § o seAE FoHE
of el A FFA G VAT A&



3 AP+ # 1HW AAF FWA7IY AF By A

&0 T T T T T T 12

Pl pressure ; = A

E “r 4 08

0o

Pressus
8 g
Waler level (m)

04

0 | | 1 1 1 ! 2
.0 200 400 600 B00 1000 1200 1408
Time (») *

Fig. 12 Drum pressure and water level (with gas bypass)

550 T  — | — 280
800 I RS mmosratre | o0
Cas0 [ g
180
400 2
100
3 as0 - l
300 F g
250 1 1 |
0 500 1000 1800 2000

Time ()

Fig. 13 Temperature and thermal stress at the drum inner wall
(with gas bypnss)

& 4 Qo
4, 4 of

¥ =EAME HRSG 9 AFHA FHE F
o 489, HEF W4 Avad& uE A=
HAHE ARG, 49y E=E BUEAY
8 THRY AHF 7NNV X AF M
A HHA B4, 248 dagr] aga =g
2 7t TR dxE Rd¥std Z2a9e
TR LH, AY dAR ¥ M2 sty
274 27) RPN NE Q] Al F(cold start) Al°]
A2g9) 3 B ARG AT QY
i 2=, ¢ ¥ AAY HvHE s
ol YlHoE =N SHAFT FHY WHY
4 ¥ R HE2 %7 cJEg A|E A+ #
A&t voj M2 P& o] &3 st29 F

F& SARCE FAE Aol AaY RYH

W4ES U W A2 A FgE HY
HAck FREAANA F717F HAHEAN AVl =
g e FAL WHA swell offect ¥ HAY
ARt FAERINA Ve wWbxe #%H%

1417

£ ¥so] dishA HRSG 7} ¥&¥ 28 HH
oM AR ¢4 Fe 7H B YA
od vle]Ma2 fF%§ =N He &4

EUE TR S A2 ol# HHE ¥4 ¥

& + AU
% 7|

o] dFe T&HY AYFHAYUE 1998-018-
E00015) 2.2 $¥ = gt

ANEH

(1) Dechamps, P. J., 1994, “Modelling the Transient
Behavior of Combined Cycle Plants,” ASME paper
94-(3T-238.

(2) Jolly, S., Gurevich, A. and Pasha, A., 1994,
“Modelling of Start-up Behavior of Combined Cycle
HRSGs,” ASME paper 94-GT-370,

() FFA, o9, 1996, “SR7IE=EHR S A
R ORERE Yy Z2a9 g ]
At =&Y@), 20, A 8E, pp. 996~1008.

(4) PROPATH Group, 1997, PROFATH : A Program
Package for Thermopkysical Properties, Version 10.2,
Kyushu University, Japan.

(5) Collier, J. H. and Thome, J. R., 1994, Convective
Boiling and Condensation, 3rd ed., Oxford University
press. :

(6) ESCOA Corp., Fin Tube Manual, 1979 U.S.A.

(7) Chen, J. C,, 1966, “Cormelation for Boiling Heat
Transfer to Saturated Fluids in Convective Flow,” Ind.
Eng. Chem. Proc. Des. Dev., 5,

(8) Babcock & Wilcox Company, 1972, Steam/its
generation and use, 38th ed.

(9) Riccardella, P. C., Dendorff, A. F. and Griesbach, T.
T., 1992, ‘Fatigue Lifetime Monitoring in Power
Plants,” Advance in Fatigue Lifetime Predictive
Techniques, ASTM STP 1122, pp.460~473,

(10)Boley, B. A. and Weiner, J. H,, 1960, Theory of
Thermal Stress, John Wiley and Sons,

(11)Kuo, A.Y., Tong, S. S. and Riccardella, P. C., 1986,
“An On-Line Fatigue Monitoring System for Power
Plants : Part I — Direct Calculation of Transient Peak
Stresses Through Transfer Matrices and Green's
Functions,” ASME Pressure Vessels and Piping
Conference, Chicago, U.S.A.

(12) 73&, 1997, “tiil W¥ g F71EA7] 9] AA
A R WA H4 dEZANY #A%e
H® =84 B,pp. 7~12.

(13)ASME, 1977, ASME Boiler and Pressure Vessel
Code, Section Il — Material Specification & Section III
— Nuclear Power Plant Component.

(14)ABB Power Generation, 1995, Advanced Cycle
System GT24/GT26.



