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3-D Finite Element Analyses of

Steam Generator Tubes Considering the Gap Effects
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ABSTRACT

Steam generator is one of the main equipments that affect safety and long term operation in nuclear power plants.
Fluid flows inside and outside of the steam generator tubes and induces vibration. To prevent the vibration the tubes
are supported by AVB (anti vibration bar). When the steam generator tube contact to AVB, it is damaged by the
accumulation of wear and corrosion. Therefore studies are required to determine the effects of the gap between the
steam generator tube and AVB. In order to obtain the stress and the displacement distributions of the steam
generator tube, three dimensional finite element analyses were performed by using the commercial program ANSYS.
Using the calculated the stress and the displacement distributions, the static residual strength of the steam generator
tube can be evaluated. The results show that the stress and displacement of the steam generator tube increase
significantly compared with the results from a zero-gap model.
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A =sectional area (mz)

Cp=drag coefficient

D=outer diameter of a pipe (m)
Fp=drag force (N)

V=1luid velocity (m/s)
p=density (kg/m’)
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Fig. 1 Steam generator tube, AVB and TSP geometry
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Table 1 q and r values in beta distribution for the gap
between tube and AVB

Generator a b . Ratio of zero
(mils) | (mils) | 9 gap (%)
1 0 62 | 0.8236 | 3.8547 152
2 0 70 | 1.1347 | 5.6104 19.3
3 0 40 | 0.6855 | 3.1092 22.5
4 0 62 1.0919 | 3.5779 26.6
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Fg. 2 Curve fitting with the gap data in the generator 3
1

Blg.r)= / 2 (1—2)" e Q)
0

HEHEE Y AFE T3l7] 915he] EPRI B4 0|
AAE 5 24 dolHE o] &3ttt Table 12 Tl
Ol & o] &3t [ATEF o REEs Ko
F 3tk b0 08 HlolEl = Al ejsta fARE
SHSATE. Table 1014 A A dlol8 & 2k5<1 0]l ¥l
= A HolFa o

Generator 39] 7= tlo]Ej ¢} WEMRZE M gE
d F4E A FASY Fig 29 20

Johnko] &3] E)E A-g-ste] W
SFEHTE A8 dagE

l.j <1

2. Generate U; and Uj+; from U(0,1)

3. %« Ut

rlo
i
dlo
:;1,
m
i

4., « U,

5 f 1+Y>>1, go to step 2
6.j — j+2

7. Deliver X=Y,/(Y:1+Y2)



=895 183 F7)EA7] AEH 3k Fea s 53

Table 2 Examples of generated gap data Table 3 Drag force, Fp
Node Casel gap data|Case2 gap data|Case3 gap data Angle(deg) FD(Ib/in) Angle(deg) FD(Ib/in)
Number (in)) (in)) (in)) 0 0.000129 100 0259184
1 0 (fixed) 0 (fixed) 0 (fixed) 10 0.025918 110 0.285102
11 0.013176 0.0085252 | 0.00071 20 0.051837 120 031102
21 0 00064724 | 0.007127 30 0.077755 130 0.336939
31 0.0179055 | 0.0030054 | 0.012785 m 0103673 140 0362857
41 00152866 | 0.0067105 | 0 50 0.129592 150 0.388776
51 0.0051576 | 0.0013062 | 0.04423 0 015551 160 0414694
61 00122139 | 0.011381 0.002481 20 0.181429 170 0440612
71 0.0000632 | 0.0008266 | 0.013018 20 0207347 180 0466531
130 0.026626 0 0.011227 % 0233265
140 0.000277 0.0005856 | 0.035504
e E i e e FA) A3 el B ol FE Fp 34
170 0.0266152 | 0.0078074 | 0.001265 A A=D7t HEE TE3 2n.
180 0.0096222 | 0.006803 0.010154
190 0.006173 0.0066539 | 0.007371 F,=C Dp(é P VQ) @)
200 0 (fixed) 0 (fixed) 0 (fixed)
205 0.0183295 | 0.00000281 | 0.044913
209 0 00058842 | 0.015563 SR 7A B2 fFAlE ST 59 £
213 00133689 | 00079716 | 0.026302 olaL, Al 59 SA4d= the ddae v G
217 0.0081055 | 00017344 | 0.0000297 T S HAEE Z7EAY 7oA
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Fig. 3 Node number and location of AVB and TSP in
a steam generator tube model
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Fig. 9 Displacement distribution 3-D model in the left
straight region
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