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Abstract

The 1iquid peisen tubes weuld be uged as s secondary devicé for shutting dewn the
100 MW (themal) Dhruva Reacter. The pelsen tubes are made of zirceley and are arranged
in square array areurd the centre of calandria. A fatigue anelysis ef the piping system
as per sub article NB=3600 ef the ASME Sec.III cede was perfermed. The mnalysis has been
done using beam type mesh and supplimented by use of 3D-ghell elements in oritical
lecations such as an elbew.

Intreduction

Patigue analysis ef poisen piping system has been dene using beam medel. Ovalizatien
in zircaley elbew which forms a part of this ploing system, is taken inte acceunt by
means ef flexibility factor. In the develepment of gtress indices and flexibility facters,
the affects ef end restraints which inhibit Cress Sectional Ovalization has been neglected.
The stresses were calculated according te ASME Sec.III /1/. Te assess the ameunt of
conservatism invelved in ASME calculation, the zircaley bend was analysed using 3-D shell
elements. The present paper describes the velidity ef the stress indices and flexibility
factors used in beam medel.

Geemstry end Ledingg.

The pelsen tube weuld be used as a secendary device for shutting down the Dhruva
Reacter. There are 20 such tubes arrsnged in a sguare array of 180 mm pitch areund centre
of calandria ag shewn in (Fig.1). The peisen tubes are made of zircaley-2 having 25 mm
outside diameter and thickness of 1 mm. At the top, the pelsen tubes are relled inte
lower part of the lattice tube of tep plermum ef calandria. At the bettem ef calandria,
the zirceley tube extends uote a ssrvice reem. Te iselate the Heavy Water boundary, a
4% mm eutoide diemeter and 6 mm thick stalnless steel gleeve surreunds the peisen tube
end 15 welded to the bottom tube sheet. The stainless steel sleeve 1s welded te the
smbeded pleeve fixed, the vault coencrete. This sleeve then extends as a stainless steel
bend pipe of 60 mm eutside diameter and 5 mm thick amd 1is welded te a stalnless steel
fitting in which zircaley tube is relled. The ceaxiel bend 1s previded to accemedete
the differentisl thermal expansien ef twe tubes as shewn in (Fig.2). The bending ef
zircaley tube has been done insitu because insertion ef a bend tube weuld require higher
hesd room. Since bending af zircaley tube has been dene insitu, it is net pessible te
replace zircaley tube in its life time. Therefere, it was necess te carryeut ite
fatigue 1ife estimation. The analysis has been dene using STRAPSBg/ cemputer pregramme .
The dipcritizatien is shown in (Mg.}). The peisen tube assemblies have been analysed fer
following reacter conditions.

a) Case-I: The reactor is shut dewn and temperature ¢f leep 1s 50°C. Tep plenum meves
upward due te change once from guxiliary pumps to mein pumpe. The number ef such

eccurences could be 500,
b) Cose=II: The loep is at 50°C and main pump ia werking. The reacter gees te full

pewer and zircaley tube in celandria reaches a temperature of 70°C. The number of
such eccursnces could be 2000,
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o) Cape-ITT:

Thie case takes care of pewer fallure.

When pewer fails, the main pump

trips (before pewer fallure the temperaturs ef zircaley tube in calandria is at

70°C).
temperature ig 50°C,
d) Case IV:

(full reacter pewer) te 150°C.

time .

The guxillary pump is switched en and the reacter is shut dewn and lesp
The number of expected cycles for such power failure are 500.
In accidental conditien, the zirceley temperature may reach frem 70°C

The number of such eccurences ceuld be 10 in 1life

The mevement of zircaley tube relled te tep plenum at different cenditiens is shewn

in Teble 1. These mevement have been ebtained by perferming a stress analysis of tep
plenum.
Table - 1
Temperature Mevement Cenditiens
°c cm.
50 0.07 upward Main pump en
50 0.25 devnward Auxillery pump en
70 0.08 upward Reacter is eperating
at full pewer
150 0.37 dewnward Less of structural

ceelant.

The displatement of tep plenum becsuse eof the mevement of upper shell is net

accounted.

Celculgtieng gnd Reaults

The flexibility facter and stress index for zircaley bend is 1.2 & 1.5 respectively.
As expected the meximum moements occur in zircaloy bend ard are 81, 923, 190 & 1918

kg-cm. for cases 1, 2, 3 and 4 respectively.
ASME Sec.III class 1 stress equatioens.

The fatigue analysis has been done using

The detalled results presented in Table-2.

Table - 2
Sp o1
U=s=
Canes Reacter Cendition oy Ke Salt . A /8/
kg/cm
1 Auxillary oump is 500 1.0 1462 0.05
werking (between 1-2)
2 Main pump 1is 3424 1.0 1272 0.2
werking (between 2-3)
3 Full pewer 880 1.0 190,0 0.0
(between 1-3)
4 Less of structural 6878 1.4 /3/ 4375 0.125
ceelant (vetween 3+4)
Tetal usage 0.375
facter
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Since the abeve enalyesls uses beam medel, the zircsaley bend has been alge
analysed using flat shell element fer unit inplene moment. The number of nedes and
elements were 301 amd 280 respectively. The discritizatien is shewn in (Fig.4). The
stress index fer inplane moment was feund te be 1,3 This shews that the calculatien
based oen ASME rules is censiderative.

Cenclusien
The result ef stress and fatigue snalysis ef peisen tube using beam elements shews

that the zircaley elbew is the mest highly stressed member and that calculated values
baged en ASME gtress indices nmre cemaervative,.
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E - EXTENSION TUBE,

5 - STUMP TUBE,
P = POISON TUBE

FI6.1 GENERAL PILE BLOCK - ARRANGEMENT
OF DHRUVA REACTOR
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LEQGEND 1~
—— ZIRCALOY TUBE
—— SLEEVE
2 = [MBEDMENT SLEEVE

FIG.3 DISCRITIZATION OF 50!50N JUBE WITH VAULT

FIG. & DISCRITIZATION OF ELBOW
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