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Stress and Fatigue Evaluation of Distributor for Heat Recovery Steam
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Abstract Stress and fatigue of the distributor, an equipment of the high-pressure evaporator for the HRSG, were
evaluated according to ASME Boiler & Pressure Vessel Code Section VIII Division 2. First, from the results of the
piping system analysis model, reaction forces of the tubes connected to the distributor were derived and used as the
nozzle load applied to the detailed analysis model of the distributor afterward. Next, the detailed model to analyze
the distributor was constructed, the distributor being statically analyzed for the design condition with the steam
pressure and the nozzle load. As a result, the maximum stress occurred at the bore of the horizontal nozzle, and the
primary membrane stress at the shell and nozzle was found to be less than the allowable. Next, for the transient
operating conditions given for the distributor, thermal analysis was performed and the structural analysis was carried
out with the steam pressure, nozzle load, and thermal load. Under the transient conditions, the maximum stress
occurred at the vertical downcomer nozzle, and of which fatigue life was evaluated. As a result, the cumulative usage
factor was less than the allowable and hence the distributor was found to be safe from fatigue failure.
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Table 1. Cycles of transient operating conditions

Type of transient operation Cycles for 25 years
CS (cold start) 75
W1 (warm start, type 1) 40
W2 (warm start, type 2) 159
HI (hot start, type 1) 159
H2 (hot start, type 2) 634
LS (load change, 50%) 6,000
L2 (load change, 20%) 6,000
L1 (load change, 10%) 8,000
Sum 21,067

104

/117

103

102

Alternating stress intensity, S, (MPa)

10 L

10 102 10° 10 105 10° 107 108 10° 10w 101
N (cycles)
Fig. 3. Fatigue curve for carbon, low alloy, series 4XX,

high alloy steels and high tensile steels for
temperature not exceeding 371 °C (£E7=200 GPa)
in ASME Code
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Fig. 8. Distribution of stress intensity of distributor
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Table 2. Summary of evaluation of distributor under
design condition (unit: MPa)

Path P, 1.58
A (shell) 61.0 190.5
B (nozzle) 80.7 181.5
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Table 3. Convective heat transfer coefficients of
distributor (unit: W/m’K)

Shell Downcomer nozzle
Temp. (°C)
In Out In Out
20 302 18 7,599 23
50 405 17 9,914 22
100 517 17 12,321 21
200 625 15 14,634 18
260 675 14 15,844 17
300 737 13 17,426 16
340 914 12 22,035 14
360 1,298 11 32,110 13
Feed pipe nozzle EVA2 nozzle
Temp. (°C)
In Out In Out
20 3,801 29 3,471 21
50 5,105 28 4,552 20
100 6,533 27 5,689 19
200 7914 24 6,782 17
260 8,547 3 7,338 15
300 9,321 21 8,057 14
340 11,549 19 10,145 13
360 16,372 18 14,699 12
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Fig. 10. Distribution of temperature of distributor at the
end time of cold start(CS) condition

Table 4. Maximum and minimum temperature of
distributor during transient operation

Transient 10 CO T, (C)
CS 335.7 89.6
W1 338.0 111.7
w2 338.2 111.7
H1 3353 216.2
H2 328.7 216.2
L5 335.8 309.3
L2 3354 326.5
L1 335.8 332.0
AN
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TIME=13800
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SN =8.366

sMx =247.829

Max. 247.8

8.366 168,008

221,222
88.18 194. 615

61.58
34.973 247.829

Fig. 11. Distribution of stress intensity of distributor at
the end time of cold start(CS) condition
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Table 5. Summary of P, +F,+ Q+F at downcomer

nozzle during transient operation (unit: MPa)

Type of Peak Valley No. of
transient 1. P, + P . P, +P C)(/)(;l((:)s
operation + QJrF + Q+F
CS CS-max 180.9 CS-min 11.9 75
W1 W1-max 177.3 Wl-min 9.8 40
w2 W2-max 177.6 W2-min 9.3 159
H1 H1-max 173.1 H1-min 25.0 159
H2 H2-max 173.9 H2-min 25.0 634
L5 L5-max 174.3 L5-min 125.6 6,000
L2 L2-max 177.3 L2-min 159.1 6,000
L1 L1-max 174.1 L1-min 167.1 8,000
Table 6. Summary of P, + 7, + @ at downcomer nozzle
during transient operation (unit: MPa)
Peak Valley
Id. P, +F+Q 1d. P, +F+Q
CS-max 105.3 CS-min 11.3
W1-max 94.9 W1-min 9.3
W2-max 95.0 W2-min 9.4
Hl1-max 92.8 H1-min 16.2
H2-max 93.2 H2-min 16.2
L5-max 93.4 L5-min 67.7
L2-max 103.3 L2-min 92.9
L1-max 93.3 L1-min 99.1
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Table 59 =¥ 7} HEAdzA0Me] P+ P,

+ @+ FY HAdgId HLPEETE P+ P+ Q+F
o] WPt wHEA 0 2 5= stFAlelE E AAst
7] 938kl ASME Codell 773 % Rainflow Afo]E A4t
e ARSIt

WA] Table 7] A WA o] 35 WA, 13H23H+5]
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=t} Table 59| 12H2AH-I| AGE( P, + P+ Q-+ F)
o] AA FollA Hth= CS-max(180.9 MPa, 75 AkolF)
olal AA FolA HAE W2-min(9.3 MPa, 159 Alo]
olez A HA 52 WS CS-max & W2-min
2 A3t} webA CS-max®t W2-min Abo]oll A 1142
i]—kﬂi%ét&—ﬂ(ASp){— CS-max®} W2-min®] 1xH+2
AHIASH(P + P+ Q+ F)e] Aolmz AS)
180.9 - 9.3 = 171.6 MPa2. 2 AXHt} o] CS-max &
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olF 7 759 159 FollA A& 3k 75 AlelEo] ¥tk
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(Table 6 Fx)e] AFo]BZ AS = 1053 - 9.4 = 95.9
MPao] 531, AS, < 35(= 380.1 MPa)o] =& 4] (3)°]
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Table 7. Results of fatigue life evaluation at downcomer a3, EVA2 7-3lu &2 gkl WAL 3 )
nozzle (unit: MPa, cycles) o] w252 w2E9. ARdos w23
Load AS n E
p T =20 222 gl wZof|A] o=l By X
1 CS-max & W2-min 1716 | 75 | 1.89E5 o T e e 144 7tel _} 7IE A
2 W2-max & W2-min 1682 84 1.89E5 Aeh= wWake] 3lo] 8,848 No& Hujo]a, thE
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4 CS-min & W2-max 165.7 35 1.89E5 o
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: 2319
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> g PN gEe
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