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Cracking failure mechanism and design optimization of the desuperheating
water spray nozzle weld of a high-pressure bypass valve in a 1 000 MW

ultra-supercritical unit

YIN Zhaoguang', DONG Qin', XU Yiwei',ZHAO Weiwei**, WANG Yunging',GU Yuan',
CHEN Bingyi*"?, CUI Yimin®?,ZHAO Ningning®"?, LU Chuanyang®
(1.Zhejiang Zheneng Zhongmei Zhoushan Coal & Electricity Co.,Ltd.,Zhoushan 316135, China;
2.Zhejiang Energy Technology Research Institute Co.,Ltd., Hangzhou 311121, China;
3.Zhejiang Key Laboratory of Thermal Power Generation Energy Efficiency and Pollutant Control Technology » Hangzhou 311121, China
4.Institute of Process Equipment and Control Engineering,Zhejiang University of Technology , Hangzhou 310023, China)

Abstract:To address the issue of frequent cracking in the weld of the desuperheating water spray nozzle of a high-pressure bypass
valve in a 1 000 MW ultra-supercritical unit, the failure mechanism of the weld was revealed and a structural optimization scheme
was proposed by means of metallographic structure analysis, microhardness testing, and other physical and chemical inspection
methods combined with finite element numerical simulation technology. The results show that the high hardness of the weld
between the desuperheating water inlet pipe and the nozzle, together with the low-cycle strain fatigue induced by structural
constraints , mutually superimposed to promote the rapid initiation and propagation of cracks in the fillet weld , thereby leading to
leakage of the desuperheating water pipe. For the optimization scheme of lengthening the vertical desuperheating water pipe to
enhance pipeline flexibility, finite element analysis shows that when the vertical pipe length is increased to 380 mm;, the stress at
the fillet weld significantly decreases to 65 MPa, effectively avoiding stress concentration. The research results can provide
reference for the structural design and safe operation of similar high-pressure bypass valves.

Key words:ultra-supercritical unit ; high-pressure bypass valves; failure anasysis ; finite element analysis ; stress calculation
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high-pressure bypass valve fillet weld, insert pipe and nozzle
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Fig.1 ~ Structure of high-pressure bypass valve and desuperheater

1.3 BERBERSHF MR

FI & AR DI RINLAE 55 55 10 Jakilz 7K 3k 7K ST
B 1O RALE 1,2, 39V T, [\ K 4 A R
il 7E 300%~20007 4= AH D 4% 1 3% 18 VR B , 5 F AL
BRI S 5 4% TR TR T K 5 00T 4 AE R AT
B £ 0F S ARRE S, B ZEISS Axio B4
S 730 B W 2% 1 5 R iR K B AR AR SR I S AR 4
g1, NHFFC LT RN LER , 4 ek i K 3k K ST A T 1
F 2 g AP R +10 g FT I R Et+100 ml /K ¥A IR I
TEVESE , FH ZEISS SUPRA 55 414 Hi 4 0 2 Ik 11
FE 50, I B 20 kV, TAERE B 12 mm. ) H
FALCON 511 ZY 2 [Q A 52 155 £ 15 5% SR S ff il X
AT T o IR B, M (A 1 kg
14 BRIGERENZ

T 5 55 1 YR B 22 25 B Y A5, WML S
B 0 1 55 W 1Tk B IR B SR AT T, 3R
A5 A R B FA [ 33 KA S S ARl K B 1
B R 7 5 LI R e B AR AN i BT 2 R .
AICLE Y Il 7K TR AE /8 5% IR T 5 iR 22 AH

o R T el K 5 P B 0 3 AR A R B 1 A
BERPUE BT SR L S W IR R L T
B TEMLZHRRE B AT I B, Y80 7K 5 A I A
Z AR A A K

1.5 BRETEATE

K FH Ansys £ BRI 3 B 501 0] w8 55 16 s B
BEAT T @RI N ) 73 A . I Ia) ik KA e
PENS R P22, AH G 77 2 PR BE A 21 1 RE 4 &
H8 GB/T 5310—2023 ¢/ H 84 b FH o 48 4M )
DL/T 5366—2014C K M) {R/K & 8 M g iHEE AR
FFEY . AR i 55 IRIs AT T, W B W R il A 2k
(ILE3).

(DR FEDIFA o K Ansys B2 T4 Hr
A, T 5 e 55 1 it K 5 B ()R 3 0 A i
FE 101 5% AR 36 1.4 749 ik A e A 00 52 1) i I
VR A e ik T ik /K B

ORI T Ao R = R 5% 2 A 3 Je 32
1 2840 B A L, SR FH S 20 AR v 55 1) R 5 I
PR R,



BEIR)™ 45 2 1,000 MW e S AL e 1 25 Dol /A I8 e S0 28R A LB S B R 73

AL T WIEREAKEFERTE ANBFROE g, 047 N 1351 & IR KR
oh At eI K 3E 11 4 /7 (+X: 60 N +Y: ﬂ%ﬁ%ﬁiﬁ#&ﬁm 83 MPa) X} 15 5% I&] P B Jife
1867 N5—Z:1075 N) AENHERA A FEAE, I IRy, BEUE 18 52 2 1 o R AT o

400
350
300
250
200
150
100

50

RLEZ/C

0o 50 100 150 260 250 360 350
I
Ca) ¥ I 5555 A (OOATLER e AT 2 Hr ekl B B AR Ak i 28

E2 SEEEENSMERBHMERRRERT L
Fig.2 Temperature measuring point arrangement of high-pressure bypass valve and wall temperature variation curve

of the desuperheating section during startup phase
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Fig.3 Boundary conditions for stress calculation of high-pressure bypass valve
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Fig.4 Microtructure of the spray nozzle fillet weld
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Fig.5 Vickers hardness test results of the spray nozzle fillet weld
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Fig.6  SEM photograph of the spray nozzle fillet weld fracture
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Fig.7 Finite element stress analysis calculation results of high-pressure bypass valve with different vertical pipe sizes
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