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medium-sized integral reactors, in which a primary coolant with a relatively
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higher pressure flows outside the tubes, while secondary water with a
relatively lower pressure flows inside the tubes. Another notable point is that
the values of the mean radius to thickness ratio of these steam generator
tubes are very small, which means that a thick-walled cylinder is employed
for these steam generator tubes. In the present paper, the maximum allowable
pressure of helically coiled and thick-walled steam generator tubes with
through-wall cracks under external pressure is investigated based on a
detailed nonlinear three-dimensional finite element analysis. In terms of the
crack orientation, either circumferential or axial through-wall cracks are
considered. In particular, in order to quantify the effect of the crack location
on the maximum external pressure, these cracks are assumed to be located
in the intrados, extrados, and flank of helically coiled cylinders. Moreover,
an evaluation is also made of how the maximum external pressure is affected
by the ovality, which might be inherently induced during the tube coiling
process used to fabricate the helically coiled steam generator tubes.
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Fig. 1 Schematics of helically coiled steam generator tubes
under external pressure with (a) circumferential through-
wall crack (b) axial through-wall crack, and (c) locations
of postulated through-wall cracks
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Table 1 Summary of geometries considered in the present work
(without tube ovality)

Crack Length
D, /t Circumferential Axial Crack Location
(6/m) ()
0.125 1
0.2 1.5 Extrados
6.7 0.3 3 Intrados
0.4 5 Flank
0.5 6
Do‘mm
D 0, max
Wy

Fig. 2 Cross section of tube with ovality

Table 2 Summary of geometries considered in the present work
for an ovaled tube

Ovality Crack Length
W Circumferential Axial Crack Location
(0/m) ()
0.125 ! Extrados
0.025,
0.3 3 Intrados
0.05
0.5 6 Flank
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Fig. 3 Typical FE meshes employed in the present FE analyses:
(a) a circumferential through-wall crack and (b) an axial
through-wall crack in extrados
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Table 3 Material properties of titanium alloy
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Fig. 4 Varation of maximum extemal pressures according to
crack length and crack location: (a) circumferential
through-wall crack and (b) axial through-wall crack
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o977

o= H7HE.

3.2 Ovallty7|' --IEHXIXI 2ol I='I7<I._

gl:

7Yz} 37}21 ) Olg} 27]—11 ovahty EAL:%
M w=09 A$< ovality’} e WY
(Fig. 4 F=x)< gv|gtt. ol #E-2 ovality A
AT 7Hgsath HA AR AETEY
olol] #AIY0] ovalitygto] F713Hl ule} ﬁqcux]x]
o7 Zhastgl o w=0.025¢ 7A-$-= ovality7}
0)oll B3] oF 6-8% A% 7+2845 01 W=0.05
11~14% A= 7Haskint. e 45
FUAoZ 2 ovality’} EASFH =

e
7

80
I B O/t =0.125
0L ® O/r =023
p A O =05
60k "
[ ]
A u
50} 2
< |
= 40t
« 3
& 30 \ Pressure requirement
| (3 xPressure difference between inner and outer surface)
20 | 36 MPa
10F \ Pressure difference between inner and outer surface
12 MPa
0 n 1 n 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06
w
(a)
80
- m p=1
70 e p=3
s A p=6
Ok
[ ]
50
© [ n
% 40 b
a 2
IR AN i
Pressure requirement A
20F  (3xPressure difference between inner and outer surface)
- 36 MPa
10 \ Pressure difference between inner and outer surface
12 MPa
O " 1 n 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06
w
(b)
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