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ABSTRACT

EURCYL is a program dealing with the automatic generation of finite element
meshes for pressure vessel nozzles, using isoparametric elements with 8,

20 or 32 nodes. -
Options exist to generate BWR nozzles as well as PWR nozzles.



1. INTRODUCTION

EURCYL is a program which generates automatically isoparame-
tric finite element meshes of nozzles of current light water pressure
vessels, The present report gives a description and a "How to Use"
of EURCYL level 2, The difference with EURCYL level 1(1), lies in

the option to generate also PWR nozzles.

Due to their larger diameter as compared to BWR nozzles, the
PWR nozzles are usually embedded in the flange of the vessel (com-
pare Fig. 1-a and Fig. 1-b).

The present report repeats to a great extent the description of

1
EURCYL level l( ), and as a result the potential user of EURCYL

level 2 can consider (1) as obsolete.

2, TOPOLOGY

EURCYL starts to generate a quarter of a cylinder-cylinder inter-
section with local reinforcements and fillet radii, as represented in
Fig, 2 and Fig. 3, including the necessary dimensions and various
coordinate systems. Such geometry is typical for BWR nozzles (see

Fig. 1 ‘a.).

2.1 BWR Nozzle:

Three regions are recognized
- nozzle zone: A to D
- transition zone: D, B, C to E

- vessel zone: E to F,

The topology of the elements corresponds to the topology of a wall
(Fig. 4) with the three dimensions and corresponding number of ele-

ments as indicated in Table 1 and Fig. 5.









TABLE 1

Direction |Number of ElementsA

Length NELL
Angular NELA
Thickness NELTH

The number of elements in angular direction corresponds to a
quarter of the BWR nozzle (0$ 8 <90, first qua.dra.nt). The number
of elements in length direction is subdivided into the three zones men-

tioned before, as indicated in Table 2.

TABLE 2
Zone Number of Elements
Nozzle NE LN
Transition NELT
Vessel NELV
Total Length NELL=NELN+NELT+NELYV

The numbering of elements is as indicated in Fig, 4, in thickness,
angular and length direction respectively. Since for most applications
NELTH £ NELA < NELL, this numbering gives the smallest band-
width for a front solution(s).

An option NELEM is introduced in order to be able to continue a

mesh with NELEM-1 elements already generated.

Three types of elements can be used corresponding to the isopara-
2 3
metric elements used in BERSAFE( ) and FLHE( ). They are given in
Table 3 and Fig. 6.






TABLE 3
EURCYL | BERSAFE Number of Description
el. type el. type nodes
1 EZ24 8 linear
2 EZ60 20 parabolic
3 EZ96 32 cubic

The node numbering is straightforward and proceeds in the angular,
thickness and length direction respectively (Fig. 7). The option NPOIN
is introduced in order to be able to continue a mesh with NPOIN-1 nodes

already generated.

EURCYL defines the bandwidth of the generated topology and the job
is abandoned if the bandwidth exceeds a preset value defined by input

(NBTOT).

EURCYL has options to generate 1/4, 1/2 or the complete intersec-
tion to be specified by input data NTHETA (Table 4), The node number-
ing starts at the angular plane ¥ -start. For option NTHETA=4 the nodes
of the first angular plane (0-start) coincide with those of the last angu-
lar plane ( 9-end). In the topology definition, the former are retained.

A similar situation occurs for NGAMMA=180° (Fig. 3) and NTHETA=2

or 4, and also here the lower node numbers are retained.

TABLE 4
NTHETA quadrants 0 -start ¢ -end
1 1 0° 90°
2 1,4 -90° 90°
3 1,2 0° 180°
4 1,2,3,4 -180° 180°
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An option (ITWOD) gives the possibility to generate 2-D topology
corresponding to planes Z-X and Z-Y. They represent the approach
of the 3-D nozzle by nozzle-on-plane respectively nozzle-on-sphere,
i.e. 2D-axisymmetric approaches. |

The elements are the isoparametric 2-D elements with 4, 8 or

12 nodes depending on NELTYP,
The output consists of a listing of the elements with corresponding
nodes, Moreover, punched cards are produced with the output format

of BERSAFE and FLHE.

2.2 PWR Nozzle

PWR pressure vessel nozzles are embedded in the flange providing
additional strength to account for their larger diameter as compared

to BWR nozzles (Fig. 1).

For the analysis of such nozzles it is not sufficient anymore to study
a quarter of the nozzle; onlf the longitudinal plane is a symmetry plane
and a half of the nozzle has to be analyzed.
EURCYL has an option (NPWR=1) to generate automatically a mesh of
the geometry depicted in Figure 8, Only half of the structure
can be generated by default, and automatically NTHETA will be equal

to 3,

The mesh is generated by first considering it as a BWR nozzle mesh
with vessel wall thickness equal to flange thickness, and next adding
elements according to Figure 9. The element distribution is
summarized in Table 5, The numbering of elements is as before i.e.
in thickness, angular and length direction respectively. Those elements
which do not exist, e, g. for angular planes beyond NELAI1 outside the

" flange, are ignored.
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TABLE 5
(compared with Fig. 7 and Fig. 8)

Directions BWR Part Extension BWR Pa.rt + Extension
Angular 2* NELA 2* NELA 2* NELA
Thickness NELTH NELTH NELTH
Length NELL 1 NELL +1in Z <0

3 NELL+1+4+3inZ >0

3. GEOMETRY

In a similar way as for the generation of the topology of the mesh,
also the generation of the coordinates of the nodal points is carried out |
firstly for a BWR type nozzle, followed by an extension to PWR type
nozzles, depending on the option NPWR.,

3.1 BWR Nozzle

The coordinates of the nodal points depend on the distribution and
on the type of the elements. The distribution and the type of elements
depend on their turn on the structure and the expected stress distribu-
tion, For the nozzle structure the type of element should preferably
be the parabolic or cubic isoparametric ones, in order to represent ac-
curately the geometry of the curved surfaces (the linear element EZ24
with straight edges has only been included for completeness). The dis-
tribution of eléments should be fine in regions of steep stress gradients

and can be coarser elsewhere,

In EURCYL the distribution of elements is controlled by input. As
far as the angular direction is concerned, the distribution is homogene-
ous for the nozzle zone (A-D) and transition zone (D-B-C-E) and nearly

homogeneous for the vessel zone (E-F), see Fig. 5.
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In the thickness direction the distribution is governed by a crowd-
ing factor CROWTH, according to a geometrical series with the

smaller elements at the inside for CROWTH > 1 (see appendix 1),

In the length direction the distribution is defined by NELN, NELT,
NELYV (see chapter 1) with corresponding crowding factors CROWN,
CROWTR, CROWYV according to geometrical series with increasing

elements in the direction away from the intersection.

For the determination of the coordinates of the nodal points, first
the coordinates of the points A,D, B,C, E and F (Fig, 2) for inside and
outside surfaces and for the various angular planes have to be defined.
For A and D the procedure is straight forward because they are on a
cylindrical surface with axis Z. The coordinates of B and C follow from
a transcendental equation, which is solved by iteration (appendix 3).
Points C,E and F lie on a cylindrical surface with axis X. This surface
is developed in a Z-X plane in which the coordinates are defined, Once
the points A,D,B,C, E and F are defined, the summit nodes are found
by geometrical interpolation using the crowding factors. Next the mid-

side nodes are defined.

For the structural options NTHETA # 1 the additional coordinates

are found by symmetry.

The output of the geometry consists of a list of cartesian (X-Y-2)
or cylindrical (r, &, Z) coordinates depending on the option NCOORD.
Punched cards are produced to be used in subsequent runs with finite

element programs,

As for the topology, the option ITWOD allows the generation of the

geometry in plane Z-X and/or Z-Y.



3.2 PWR Nozzle
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'

The coordinates of the extension are generated in a developed plane

and then converted to the real situation. It is noted that for a PWR

nozzle NTHETA is equal to 3 by default.

The coordinate system is a r@z system with the z axis coinciding

with the axial axis of the vessel. In this way the so-called R-elements

of BERSAFE can be used which as unknowns have the displacements in

a cylindrical coordinate system, rather than the usual unknowns in car-

tesian coordinates,

Input data follow from Fig, 8 and 9 and are specified in chapter 4.

4, HOW-TO-USE

Card No. 1: job title card

ccs 1-4

ccs 5-80

Card No., 2:

ccs 1-6
ccs 7-12
ccs 12-18
ccs 19-24
ccs 25-30
ccs 31-36
ccs 37-42

ccs 43-48

ccs 49-54

AJOB
TITLE

A4 job name for BERSAFE program

19A4 title of the job

dimension card (see Fig. 2 and 3)

RV(1)
RV(2)
FLV

RN(1)
RN(2)
FLN

RT(1)

RT(2)

FLVT(1)

F6.2
F6.2
F6.2
F6.2
F6.2
F6.2
F6.2

Fé6.2

Fé6.2

external vessel radius
internal vessel radius

vessel length

external nozzle radius
internal nozzle radius

nozzle length

outside transition radius = 0 if
transition not curved

0 if

inside transition radius (
transition not curved)

length of transition zone, outside vesse]
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ccs 55-60 FLVT(2) F6.2 length of transition zone, inside vessel
ccs 61-66 FLNT(1) F6.2 length of transition zone, outside nozzle
ccs 67-72 FLNT(2) F6.2 length of transition zone, inside nozzle
ccs 73-78 RP F6.2 external radius of nozzle entry, in

case of conical form

if = 0, RP=RN(1) (cylindrical form)

Card No. 3

ccs 1-6 ALFACI1 F6.2 angle in degrees of transition nozzle
part, if conical
(= 0 cylindrical)

ccs 7-12. . ALFAC2 F6.2 angle in degrees of transition nozzle

part, if conical

(= 0 cylindrical)

Card No. 4: Element and structure option card

Reference: BWR type, quarter of a structure,

ccs 1-6 NELN 16 number of elements in nozzle length

ccs 7-12 NELT 16 number of elements in transition length
ccs 13-18 NELV I6 number of elements in vessel length

ccs 19-24 NELA 16 number of elements in angular direction
ccs 25-30 NELTH 16 number of elements in the thickness

ccs 31-36 NELTYP 16 element option:

1 type EZ24 (linear, 8 nodes)

2 type EZ60 (parabolic, 20 nodes)

3 type EZ96 (cubic, 32 nodes)
ccs 37-42 NTHETA 16 structure option:

1 quadrant 1

2 quadrant 1 + 4

]

3 quadrant 1 + 2
4quadrant1+2+3+4

It

For PWR nozzle NTHETA = 3 by default.
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ccs 43-48 NGAMMA I6

ccs 49-54 NCOORD 16

angle in degrees of vessel sector
(up to maximum 1800)
coordinates option

=0x-y-2

=1 r-9-z (Fig. 3)

For PWR nozzle coordinate system r-#-z (Fig, 3} according to Fig., 7

by default.

ccs 55-60 ITWOD 16

= 0 3D data required

= 1 2D data required: z-x plane

= 2 2D data required: z-y plane

= 3 3D and 2D (z-x and z-y) data

required

For PWR nozzle ITWOD = 0 by default.

Card No, 5: crowding factor card

ccs 1-6 CROWN Fé6.2
ccs 7-12 CROWYV F6.2
ccs 13-18 CROWTH F6.2
ccs 19-24 CROWTR F6.2

crowding factor along the nozzle if

2 1 elements increasing away from
the transition

crowding factor along the vesselif

> 1 elements increasing away from
the transition

crowding factor along the thickness

if 7 1 elements increasing away from
the inside surface

crowding factor along the transition
nozzle and vessel zones

if > 1 elements increasing away from
the junction,

if = 1, automatically = 1.1
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Card No, 6:
ccs 1-6 NPOIN I6 index of first nodal point (3-D mesh)
ccs 7-12 NELEM I6 index of first element (3-D mesh)
ccs 13-18 NBTOT I6 maximum number of nodes allowed in
the semi-bandwidth
if = 0, NBTOT = 99
ccs 19-24 NPOINI1 16 index of first nodal point (2-D mesh)
ccs 25-30 NELEMI I6 index of first element (2-D mesh)
ccs 31-36 NPWR I6 = 0 BWR nozzle

1 PWR nozzle
The cards 7 and 8 are by-passed if NPWR = 0,

Card No. 7: PWR part card (Fig. 8)

ccs 1-6 FLFLI1 F6.2 extension length in z negative with
radii RV(1) and RV(2) )

ccs 7-12 FLFL2 F6.2 extension length in z positive with
radii RV(1) and RV(2)

ccs 13-18 FLFL3 F6.2 extension length in z positive conical
zone of the vessel part

ccs 19-24 FLF14 F6.2 vessel length with radii RV(3) and RV(4)

ccs 25-30 RV(3) F6.2 vessel outer radius
if = 0 RV(3) = RV(1)

ccs 31-36 RV(4) F6.2 vessel inner radius
if = 0 RV(4) = RV(2)

Card No. 8: PWR part card
ccs 1-6 NGAMP 16 - PWR vessel sector (in degrees)
N. B. 180 NGAMP > NGAMMA

5. RESULTS

The output of EURCYL consists of listings of:

- the input data,
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- the total number of nodes and elements (1),
- the maximum semi-bandwidth (1),

- the 3-D topology (2),

- the 2-D topology and geometry (2),

- the 3-D geometry (2).

(1) the job is immediately abandoned if these parameters do not agree
with the BERSAFE and FLHE limitations,
(2) printed if required, this sequence is imposed due to program dimen-

sions conveniences.

Further punched cards are produced for the topology and the geome-
' 2
try with the required formats for BERSA.FE( ) and FLHE(3) use,

Topology cards - card type 11 BERSAFE

ccs 1-4 AJOB A4 job name

ccs 5-6 11 12 card type number (BERSAFE)
ccs 7-12 : blank

ccs 13-16 NOEL 14 element number

ccs 17-18 NNODES 12 number of nodes

ccs 19-22 ‘

ccs 75-78 NODES 1514 nodes series

N. B. if NNODES > 15, a continuation card is used with 14 formats
(ccs 19-22, etc.) and NNODES = NNODES +1.

Geometry cards - card type 21 BERSAFE

ccs 1-4 AJOB A4 job name

ccs 5-6 21 12 card type number (BERSAFE)
ccs 7-10 NODE 14 node number

ccs 11-18 GNODE ¥F8.3 X or R coordinate

ccs 19-26 GNODE F8.3 Y or O coordinate (6 in degrees)

ccs 27-34 GNODE F8.3 Z coordinate






Appendix 4 gives an example of the printed results of a structure re-

presented by the Calcomp plot of Fig. 10, Fig, 11 gives another example.

6. CONCLUSIONS

EURCYL covers the automatic mesh generation of a broad field of
cylinder-cylinder intersections. In particular the program is suited to .
generate meshes for both BWR and PWR nozzles, including local rein-
forcement and fillet radii, Punched cards are produced to serve as in-

put for the finite element program systems BERSAFE and FLHE,
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APPENDIX 1

Crowding Factors

If N is the number of nodes to be generated on a straight or curved
line defined by the parameters X and XN with crowding factor R, the
coordinates of the intermediate nodes are defined from:

X, =% +(xN -xl) CN

CN = (Rj'1 - 1)/(RN'1 - 1)

CN=(j - 1)/(N - 1) for R = 1.

These formulae are used to define the coordinates of the summit
nodes in the thickness direction, and for the nozzle zone A - D and the

vessel zone E - F in length direction (Fig. 2).



APPENDIX 2

The distribution of the elements in the transition zone is defined by

the number of elements NELT and the crowding factor R.

/

The program has to define the number of elements to be attributed
to the distances DB, BC and CE, respectively N1, N2 and N3 (Fig. 5).

An iterative procedure is applied.

As initial guess for the length of the elements in distance BC is taken

A = (DB + BC + CE)/NELT (1)
The number of elements in DB, BC and CE become respectively

N1 = log(l + (R-1) DB/A)/log R (2)
N2 = BC/A (3)
N3 = log(l + (R-1)CE/A)/log R (4)

i

These equations express that for BC the distribution is homogeneous
(3) and for DB and CE the distribution is according to a geometrical se-

ries with first term A and ratio R.

The sum of the calculated elements is compared to the prescribed

number NELT,
N1 + N2 + N3 = SUM ? NELT (5)
A correction is applied to A according to
A=A (SUM/NELT)1/2 ‘ (6)
and the iteration loop returns to eq. (1) until (5) is satisfied.

Equations (2) and (4) follow from the sum S of a geometrical series

with N terms:
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APPENDIX 3

The coordinates of points B and C in an angular plane € are defined

by transcendental equations which are solved by iteration.

The intersection of an angular plane @ with the vessel (radius RV) is

an ellipse with half axis,
RV/sin® and RV (Fig. 12)
The iteration starts with a first guess for the radius RC of point C
in the plane of intersection. The vertical position of C is then defined by:
z2c = RV - rc? sin%0) /2 ()
The angle 3 is defined by:
= arctg (RC sinz_;a /ZC) (2)
The angle & and the coordinates of points B become:
X=T/2 - % -f (3)

RB

RC + RT sinfl - RT cosO(1 (4)

B

ZC + RT cos 8 - RT sinoy (5)

The radius of point D becomes:

RD = RB - (ZD - ZB) tg X, (6)

The value of RD is compared to the nozzle radius RN, The difference

is subtracted from RC and the iteration continues with equation (1).

Equation (3) gives the value of x and the intermediate nodes between

BC are defined by linear interpolation of the variable .
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TEST SAMPLE
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THERE ARE L  ELEMENTS ALUNG THE NOZLLE (FROM A TO O)

THERE ARE 3 ELFMENTS ALUNG THE TRANSITION (FROM D TO E)

THERE ARE 2 ELEMENTS IN THe 90 DEGREES NUZZLF SECTOR (BEWARE THE STRUCTURE CHOICE)
1
1

THERE ARE ELEMENTS ALUNG THE VESSEL(FRLM E TO F)
THERE ARE ELEMENTS ALONG THE THICKNESS

THE OUJTER PART OF THE NOZZLE 1S CONICAL OR CYLINDRICAL,ANGLE

5S¢ 000 DEGREES

THE INNER PART OF THE NOZZLic 1S CUNICAL OR CYLINDRICAL,ANGLE 0.0 DEGREES

THERE ARE 0 POINTS AND O ELEMENTS BEFORE THIS MESH

F?R T4IS 3-D STRUCTURE,THE HIGHEST NODE INDEX I
ATTENTION SUOME NODE AND ELEMENT INDEXES ARE NO

NUMBER OF ELEMENTS ALUNG THE TRANSITICN FRUM NUZZLE TO VESSEL

HIGHEST ELEMENT INDEX 1S 314
TION

b [7]
o
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m
Ow
—

EXTERNAL PART L FROM D TG B
1 FROM B8 TG C
| 1 FROM C TG €
INTERNAL PART L FROM D TU B
1 FROM B TO C
L FROM C TO E
CROMDING FACTOR ALONG THE NOZZLE(CROWN) 1.00
THE VESSEL(CROWV) L. 90
THE THICKNESS(CROWTH) 1l
THE TRANSITIUN(CROWTR) 1.10

SEMI-BANDWIDTH = 35 NODES
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