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Two and Three-Dimensional Analysis Comparison of Nozzles due
to Internal Pressure, Thermal Load and External Load
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INSSS Division, KEPCQ Engineering and Construction Company, Daejeon, 305-353, Korea

Abstract

In this paper, the two-dimensional(2D) and three-dimensional(3D) analyses have been performed in order to evaluate the structural

integrities and compare 2D and 3D results for nozzles attached to cylindrical shells. Three nozzles, which are currently used in the
nuclear power plant, are chosen to evaluate the structural integrities, and each nozzle is subjected to internal pressure, temperature

variation and external loads. It is found that the 2D analysis for internal pressure should be performed with a factor of more than 1.5
or a stress concentration factor; 2D and 3D analysis results for temperature variation are almost similar to each other regardless of

cladding; and the analysis results for external loads by WRC Bulletin 297 are more conservative than the 3D analysis results.

Keywords . reactor pressure vessel, nozzle structural analysis, internal pressure, thermal load, external load
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Fig. 1 2D and 3D finite element models for three nozzles
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Fig. 2 Detailed geometries for each nozzle

Table 1 Detailed dimension for three nozzles

Nozzle
Symbol 6" 12" 30~
(150mm) | (300mm) | (750mm)
Vessel Ri_v 113.2(2,875)
(inches(mm)) T 7.0(178)
Di n 5.761 10.126 25.560
- (146.3) (257.2) (649.2)
Nozzle . 0.432 1.312 1.890
(inches(mm)] (11.0) (33.3) (48.0)
" 5.620 2.937 9.530
(142.7) (74.6) (242.1)
R1 1.000 2.000 3.000
(25.4) (50.8) (76.2)
Blend Radius RO 2.500 4.000 7.000
(inches(mm)) (63.5) (101.6) (177.8)
R3 3.000 1.130 7.000
(76.2) (28.7) (177.8)
L1 5.870 8.260 8.850
(149.1) (209.8) (224.8)
Length Lo 11.870 11.070 15.630
(inches(mm)) (301.5) (281.2) (397.0)
L3 22.000 26.970 32.313
(558.8) (685.0) (820.8)
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Fig. 3 Material description for nozzles and claddings
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Table 2 Material properties for SA-508, Gr.3, Cl.1

Temp Modulus of| Thermal Specific Thermal
' elasticity | conductivity heat expansion
X 10° . x 107 x107®
F(C) psi BE\U;///hI;—Etc )F Btu/b-F | 1/°F
(MPa) (kJ/kg-C) (1/¢)
70 27.8 23.5 29.693 6.4
(21.11) (0.192) (40.672) (124.319) (11.52)
100 B 23.6 30.350 6.5
(37.78) (40.845) (127.069) (11.70)
200 27.1 23.6 32.135 6.7
(93.33) (0.187) (40.845) (134.543) (12.06)
300 26.7 23.4 33.770 6.9
(148.89) | (0.184) (40.499) (141.388) (12.42)
400 26.1 23.1 35.365 7.1
(204.44) | (0.180) (39.980) (148.066) (12.78)
500 25.7 22.7 36.900 7.3
(260.00) | (0.177) (39.288) (154.493) (13.14)
600 25.2 22.2 38.236 7.4
(315.56) | (0.174) (38.422) (160.087) (13.32)
700 24.6 21.6 39.683 7.6
(371.11) | (0.170) (37.384) (166.145) (13.68)

Table 3 Material properties for SA-240, Type 304

Temp. Thermal conductivity Specific heat
F(C) Btu/hr—{t—F x 107
(W/m-T) Btu/Ib-"F (kJ/kg-T)
70 8.6 32.959
(21.11) (14.884) (137.993)
100 8.7 33.123
(37.78) (15.057) (138.679)
200 9.3 34.500
(93.33) (16.096) (144.445)
300 9.8 35.446
(148.89) (16.961) (148.405)
400 10.4 36.476
(204.44) (18.000) (152.718)
500 10.9 37.105
(260.00) (18.865) (155.351)
600 11.3 37.582
(315.56) (19.557) (157.348)
700 11.8 38.149
(371.11) (20.423) (159.722)
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Table 4 Maximum stress intensities for internal pressure
on inside surface of longitudinal plane

Nozzle
Stress — — —
Classification Case 6 12 30
(150mm) | (300mm) | (750mm)
3D 18,910 23,230 21,650
(130) (160) (149)
2D(1.5R) 14,620 17,240 15,380
without SHEL| (101) (112) (106)
membrane 2D(1.5R) 19,380 24,340 20,910
(psi(MPa)] with SHEL (134) (168) (144)
2D(2.0R) 19,420 22,720 20,320
without SHEL| (134) (157) (140)
2D(2.0R) 24,160 29,730 25,780
with SHEL (167) (205) (178)
D 32,250 42,790 38,070
(222) (295) (262)
2D(1.5R) 25,710 27,040 22,660
without SHEL| (177) (186) (156)
pi:iﬁﬁig 2D(1.5R) | 34,570 | 41,600 | 36.510
. with SHEL (238) (287) (252)
(psi(MPa))
2D(2.0R) 34,140 35,930 30,240
without SHEL| (235) (248) (209)
2D(2.0R) 42,890 50,600 43,570
with SHEL (296) (349) (300)
3D 46,230 47,830 43,860
(319) (330) (302)
2D(1.5R) 28,950 28,280 22,720
without SHEL| (200) (195) (157)
total 2D(1.5R) 45,060 46,090 39,540
(psi(MPa)] with SHEL (31D (318) (273)
2D(2.0R) 38,370 37,800 30,290
without SHEL| (265) (261) (209)
2D(2.0R) 54,360 55,380 46,520
with SHEL (375) (382) (321)
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3.3 2x43ld o3 A= Table 5 Maximum stress intensities for temperature
variation on inside surface of longitudinal plane
KRy t: Bo ol&) ol-zFA L A oo Nozzle
sl ofdt d-Fx34 A= 3D 2D A B Stress Case & o pve
Heat-up/l &=l E8dh= 4954114 g&do] 7} Classification (150mm) | (300mm) | (750mm)
A A e}, Fig, 9% aLsd Tdshs AJ7bA 3D 2105 | 1,892 | 2,153
S g__ga@_}‘oﬂ el ‘/]_E]Jﬂ 34\0]]4‘ with cladding (14.5) (13.0) (14.8)
3D 2,098 1,879 2,113
without cladding| (14.5) (13.0) (14.6)
2D(1.5R) 1,911 1,977 2,059
membrane with cladding (13.2) (13.6) (14.2)
(psi(MPa)] 2D(1.5R) 1,892 1,995 2,020
without cladding| (13.0) (13.8) (13.9)
2D(2.0R) 1,893 1,938 2,025
with cladding (13.1) (13.4) (14.0)
2D(2.0R) 1,875 1,959 1,986
without cladding| (12.9) (13.5) (13.7)
3D 7,583 9,154 8,336
with cladding (52.3) (63.1) (57.5)
3D 7,586 8,971 8,378
without cladding| (52.3) (61.9) (57.8)
b 2D(1.5R) 7,030 9,339 8,548
MEMDIane 1 with cladding | (48.5) | (64.4) | (58.9)
plus bending
. 2D(1.5R) 7,024 9,068 8,590
(psi(MPa)] | . )
without cladding| (48.4) (62.5) (59.2)
2D(2.0R) 6,989 9,364 8,295
with cladding | (48.2) (64.6) (57.2)
2D(2.0R) 6,987 9,090 8,341
T T without cladding| (48.2) | (62.7) | (57.5)
_ , - ] 3D 10,800 | 11,300 | 13,890
Fig. 9 3D and 2D total stress intensities of 307(750mm) with cladding | (74.5) (77.9) (95.8)
nozzle for temperature variation D 10530 1 10.850 | 14250
o Mo b . without cladding| (73.0) (74.8) (98.3)
Tz o o = 3
s 4l Ao Wirae av)Evks Bhr oD(15R) | 10,290 | 10,820 | 12,740
el FA F8 W 2837 Wil Table 59 2ol total with cladding | (71.0) | (74.6) | (87.8)
oD Tdo 1411‘%‘?}73—.2: %_7]_3]_0:]1;‘ 3= ia=t ﬂ_ol% Z\_‘JT/H (psi(MPa)] 2D(1.5R) 10,060 | 10,330 | 13,140
o B - o without cladding| (69.3) | (71.2) | (90.6)
3% A== Vg FEolt. IRAE e A4 e 2D(Z.0R) | 10,220 | 10,770 | 12,530
3] e AMARE vwd & o, weEdwe egt with cladding | (70.4) | (74.2) | (86.8)
T4EsedE)w= A AxEt) © 197 wZo] uhed 2D(2.0R) 9,991 10,320 | 12,930
e+ EAS NS wEe] St LT ol w2 At without cladding| (68.9) (71.2) (89.2)
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ko)
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