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Stress Analysis of Gas-Gas Heater in Thermal Power Plant
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ABSTRACT

Today’s industrialized plants are required to reduce SOx emitted from stacks at factories, utility power stations, etc.

For this purpose, flue gas desulfurization(FGD) system is installed in thermal power plant and gas-gas heater(GGH) is

used to play a vital role to reheat the wet treated gas from FGD. The sector plates are located at cold and hot sides of

gas-gas heater. They serve as sealing to prevent mixing treated and untreated gases. Therefore, the deformation of the

sector plate due to its dead weight and gas pressure should be considered as major factor for the sector plate design. And
finite element analysis(FEA) for rotor part in GGH is performed with original model and two weight-reduced models
with different diaphragm thickness, respectively. Stress concentrations at rotor diaphragm happen due to the dead weight,

pressure difference between treated and untreated gas, and thermal distribution in the rotor. As the thickness of
diaphragm is decreased, the stress level is increased. The direction of treated gas and untreated gas flow may affect the

stress level.
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Fig. 1 Flue gas desulfurization(FGD) system

Table 1 Pressure condition in GGH
Unit : mmAq NfmD)

Conditions Pressure
Untreated gas inlet 1 338 (3,312)
Untreated gas outlet 2 278 (2,724)

Treated gas inlet 3 134 (1,313)
Treated gas outlet 4 79 (774}

Table 2 Pressure drop and pressure difference

Unit : mmAg
Pressure | Untreated Gas SideP,-Py) | 60
drop Treated Gas Side(Py-P.) 55
Pressure Cold Side(P,-Py) 144
difference Hot Side(P;-P,) 259

Fig. 2 Gas-gas heater(GGH)
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Fig. 3 Finite element model and boundary condition of
sector plate (cold side)

Fig. 4 Finite element model and boundary condition of
sector plate (hot side)
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Fig. 5 Pressure distribution of sector plate (cold side)

)

Radial Seal
Plate ‘ Treated

T
Rotor ]
|

S Rotor

!

|

!

|
"1y
H

i

;

i

Untreated Sector

Gas Inlet

Gas Qutlet

?

L
|
‘ Center 1 Section

Static Seal

B

Fig. 6 Pressure distribution of sector plate (hot side)



BHE - HAs - olFF : FIPLIAHA A 9A A1 E

312 D250|Ae e EX

Fig.6 o] 2&%-ojrxe ME] Fo|Ed 283}
= 48 BEXE Yl 2Rl AH
ZaolEE HE AM 9o 9 gz 1 9= =
7} 3lAsn don, FUdg EoE dFHd
A2 e oY =de] ¥AHY F, ZEVL A
ol wEt A H 7t~ gEp)ol Z}%a}v“- s
o} XE & 7k dEEyol L3 A7F vk
a8 2R A9 AE ZeolEd ¢Ele]
43e Wk 9 “J?%}OI e ko),

32 ME Z3o|E2| FEA 22 % 4

A Abgstan e HE EHolEo e
ZgstE ZdolEY FAZE 13mm o3, olAE
2mm ¥ EA97FEA #HM S FPsAT @Y HI
Folal tHo] L3 ZuolE FHu Yol
+0.76mm ©]3}7} ¥ zA] A} S

321 X 2&oAe M dl

HE&Ro A 3N A FoA HY Fdol
Eo ¢tHo] zg3tE FeolEY FA7F 13mm
A Aol diEA EF Aol AFI GE(Pyol
A ZgstE F9 HEE Fig7 o JeERAUATH

a8 EHCEY F217F 13mm, 1lmm, 9mm,
Tmm {1 7 $-el 3l dtF o] AF+UHEP),
AF+GE P A9 A AFHE Table 30 3
3ttt AR A9 dEe] A8 Wy
Z% ugko] M2 ¥y Wiolng LolEe W
o] of = So Hgtoz WAF ¢ gt

8 m EE <78 %{é tgp“ﬂ”‘” it
gi%&l@ e i e & el LT T IHACT AL
Aﬁé vle v )

R
IR

oA

b 4004
v

2 |
2360

Fig. 7 Deformation of sector plat'é”&;le to dead weigﬁf +
P, (cold side)
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Table 3 Plate thickness vs. deformation (cold side)

Unit : mm
Plate Dead weight + P; | Dead weight + P;
thickness | Max. | Min. | Max. Min.
13 -0.001 -0.133 0.018 -0.003
11 0.0007 | -0.157 0.039 -0.001
0.001 -0.186 0.085 -0.001
0.0001 | -0.217 0.167 -0.001
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Deformation of sector plate due to dead weight +

P, (hot side)
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Table 4 Plate thickness vs. deformation (hot side)

Unit : mm
Plate Dead P Dead
thickness | weight f weight + P,
13 0.267 0.388 0.655
11 0.279 0.435 0.714
10 0.286 0.473 0.759
9 0.294 0.525 0.819
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Fig. 9 Rotor structure
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Fig. 10 Gas flow of GGH
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Table 5 Thermal and mechanical loading conditions

Thermal load Mechanical load
Thermal 41.1 : 7.85x10°°
conductivity | kcal/mh°C Density kg/mm®
Thermal 12x10°°C Gravitational 9,800
expansion acc. mmy/sec’
Loc. | Temp. h 1st basket | 0.44293
# ¢C) | (kcalm’h°C) | support bar | kgf/mm
m 25 10 2nd basket | 0.84725
support bar | kgf/mm
3rd basket | 0.88011
51 10 support bar | kgf/mm
4th basket | 0.84313
EI 538 25 support bar |  kgf/mm
Sth basket | 0.69745
W | 766 10 support bar | kgfmm
6th basket | 0.62393
EI 1163 = support bar | kgf/mm
7th basket | 0.24736
E 2 10 support bar | kgf/mm
A | 1163 10 Pressure
difference |201.5x10°
on kgf/mm’
i @ 92 5 diaphragm

x Location # : See Fig.11
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Fig. 11 FEA model and loading locations
Table 6  Difference between original model and
modified model
Unit : mm
Original Modified Modified
model model I model IT
Stub
diaphragm 22 19 15
thickness
Main
diaphragm 19 12 10 !
thickness :
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Table 7 Summary of analysis results

Model # |
) Original I 1
Properties
Max.
stress 122 12.7 14.6
(kgf/mm>)
All Max. +Y
loading deform | 0979 | 0967 | 0.948
(mm)
Max. -Y
deform 1.38 3.14 4.09
(mm)
G Max.
loading | stress 104 11.1 13.4
only | (kgf/mm?
Thermal | Max.
loading | stress 4.32 4.6 5.09
only | (kgf/fmm?)
P diff. Max.
loading | stress 0235 | 0.641 | 0950
only | (kgf/mm?)
Weight (kgf) 18,111 | 11,928 | 9,860
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Fig. 12 Equivalent stress distribution for original model
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Fig. 13 Equivalent stress distribution for model I
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Fig. 14 Equivalent stress distribution for model II
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