B3t H2M R ok % (4% 2008 4F- 4 H
Vol.38 No.2 JOURNAL OF SHANDONG UNIVERSITY (ENGINEERING SCIENCE) Apr. 2008
X EH S :1672-3961(2008)02-0018-05
- = B [ e >
6 FE P8 25 7K B 3% 5% g B 5k R 7R
— 4
MAOBRIITHH
RA&AL, Sfda', TER?, Bk
(1. INARKZFHUE TRE2=BE, W78 TFRS 250061 ;
2. IR Tl KA TR Be , WIRT AR 412008)
BEREHEKER TR E OB ENEIZRE, RETHESRBETHGZTEE, AWRASGL

R R BT AR B e AW RA A G RRE S S AR AR P e Ay B A MR AR R
BE T PR R B SRS A AT 20 509 - A 3R 3T T WAL AL . b A R B B R FOM-Z, 12 614 B 18 £ %% FGM-R. #)
P PRk ST AR R AT T 047, 458 A AR R B R o R T A A E & A, 45 5] 2 FGM-R "5
VR AEPROR 69 BN W BEARTSR T R AR R R A . aBad b AR A A R AR AL ) FGM-R 1) £ K HE R R

KB : R MERRMA RAeRE S

FE 43S TB39; THI17 XERFRIRED: A

Finite element analysis for the thermal residual stress of

gradient CWS ceramic nozzles
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(1. School of Mechanical Engineering, Shandong University, Jinan 250061, China;
2. School of Mechanical Engineering, Hunan University of Technology, Zhuzhou 412008, China)

Abstract: According to the main reason of the cause of failure at the exit surface of the CWS ceramic nozzle, the gradient func-
tion material (FGM) theory was applied into the design and manufacture of CWS ceramic nozzle material, which aimed to induce
a compressive residual stress and reduce the tensile stress at the entry area of the FGM ceramic nozzles. The coefficients of ther-
mal expansion of the constituent phases and neighboring layers, the physical models of FGM-Z and FGM-R were set up by the op-
timum component distribution. Analyzing by FEM, the results show that available compressive stress fields are found to exist in
the two FGM nozzles, especially in the inner-hole surface of FGM-R ceramic nozzle. The design model of FGM-R was determined
by comparison.
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Fig.1 Geometry and dimensions of CWS ceramic nozzle
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Fig.2 Ilustration of FGM CWS ceramic nozzle
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Table 1  Physical parameters of FGM CWS ceramic nozzles

e @07k E/GPa "
(9
30 7.660 424.7 0.242
35 7.52 432.6 0.239
40 7.386 440.7 0.235
45 7.251 448.9 0.232
50 7.117 457.2 0.229
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Fig.3 Thermal stress distribution of FGM-Z CWS ceramic nozzle
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Fig.4  Thermal stress distribution of FGM-Z CWS ceramic nozzle at exit surface along radial direction and interior along axis direction
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Fig.5 Thermal stress distribution of FGM-R CWS ceramic nozzle
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Fig.6  Thermal stress distribution curve of FGM-R CWS ceramic nozzle at exit surface along radial direction and

interior along axis direction
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