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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 p rog ram which genera tes automatical ly i s o p a r a m e ­

t r i c finite element meshes of nozzles of cu r ren t light water p r e s s u r e 

v e s s e l s . The p resen t r epor t gives a descr ip t ion and a "How to Use" 

of EURCYL level 2. The difference with EURCYL level V ', l ies in 

the option to generate a lso PWR nozz les . 

Due to thei r l a r g e r d i ame te r as compared to BWR nozzles , the 

PWR nozzles a r e usually embedded in the flange of the vesse l (com­

pare F ig . 1-a and F ig . 1-b). 

The present repor t repea ts to a great extent the descr ipt ion of 

EURCYL level 1 , and as a resu l t the potential u s e r of EURCYL 

level 2 can consider (1) as obsole te . 

2 . TOPOLOGY 

EURCYL s ta r t s to generate a qua r t e r of a cy l inder -cy l inder i n t e r ­

sect ion with local re inforcements and fillet radi i , as r ep resen ted in 

F i g . 2 and Fig. 3, including the n e c e s s a r y dimensions and various 

coordinate s y s t e m s . Such geometry is typical for BWR nozzles (see 

F i g . 1-a). 

2 .1 BWR Nozzle: 

T h r e e regions a r e recognized 

- nozzle zone: A to D 

- t rans i t ion zone: D, B, C to E 

- v e s s e l zone: E to F . 

The topology of the elements cor responds to the topology of a wall 

(Fig . 4) with the th ree dimensions and corresponding number of e l e ­

ments as indicated in Table 1 and F ig . 5. 



FIG. 1 - NOZZLE TYPES 

Θ 

2ZZZZZ Ά YZZZZZZL· 

>//////////;//////. 



Fig. 2 : General Dimensions — 2-D Section 

Fig. 3 : 3-D View with Coord. System 
(x-y-z and R-Ö-Z ) 



TABLE 1 

I Direct ion 

Length 

Angular 

Thickness 

Number of E lements 

NELL 

NELA 

NELTH 

The number of e lements in angular direct ion co r r e sponds to a 

qua r t e r of the BWR nozzle (0 £ Ô £ 90, f i r s t quadrant) . The number 

of elements in length direction is subdivided into the t h r e e zones men­

tioned before, as indicated in Table 2. 

TABLE 2 

Zone 

Nozzle 

Trans i t ion 

Vesse l 

Total Length 

Number of Elements 

NELN 

NE LT 

NE LV 

NELL=NELN+NELT+NELV 

The numbering of elements is as indicated in F ig . 4, in th ickness , 

angular and length direct ion respect ive ly . Since for mos t applicat ions 

NELTH < NELA < N E L L , this numbering gives the s m a l l e s t band­
i i ) 

width for a front solution . 

An option NELEM is introduced in o r d e r to be able to continue a 

mesh with NELEM-1 elements a l ready generated. 

Three types of e lements can be used cor responding to the i sopara-

: t r ic e lements us« 

Table 3 and F ig . 6. 

(2) (3) 
me t r i c e lements used in BERSAFE and FLHE . They a r e given in 
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TABLE 3 

EURCYL 

el . type 

1 

2 

3 

BERSAFE 

el . type 

EZ24 

EZ60 

EZ96 

Number of 

nodes 

8 

20 

32 

Descr ipt ion 

l inear 

parabol ic 

cubic 

The node numbering is s t ra ightforward and proceeds in the angular , 

th ickness and length direct ion respec t ive ly (Fig. 7). The option NPOIN 

is introduced in o rde r to be able to continue a mesh with NPOIN­1 nodes 

a l ready generated. 

EURCYL defines the bandwidth of the generated topology and the job 

is abandoned if the bandwidth exceeds a p r e s e t value defined by input 

(NBTOT). 

EURCYL has options to generate l / 4 , l / 2 or the complete i n t e r s e c ­

tion to be specified by input data NTHETA (Table 4). The node n u m b e r ­

ing s t a r t s at the angular plane # ­ s t a r t . F o r option NTHETA=4 the nodes 

of the f irs t angular plane (Ö­s tar t ) coincide with those of the las t angu­

l a r plane ( tì­end). In the topology definition, the f o r m e r a r e re ta ined . 

A s i m i l a r situation occurs for NGAMMA=180° (Fig. 3) and NTHETA=2 

o r 4, and a lso he re the lower node numbers a r e re ta ined . 

TABLE 4 

NTHETA 

1 

2 

3 

4 

quadrants 

1 

1,4 

1,2 

1 ,2 ,3 ,4 

β ­ s t a r t 

0 ° 

­ 9 0 ° 

0° 

­180° 

ô ­end 

9 0 ° 

90° 

180° 

180° 
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FIG. 8 - PWR STRUCTURE 
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An option (ITWOD) gives the possibi l i ty to genera te 2-D topology-

corresponding to planes Z-X and Z-Y. They r e p r e s e n t the approach 

of the 3-D nozzle by nozzle-on-plane respec t ive ly nozzle - o n - e p h e r e , 

i . e . 2D-ax i symmet r i c approaches . 

The e lements a r e the i sopa ramet r i c 2-D e lements with 4, 8 o r 

12 nodes depending on NELTYP. 

The output cons is t s of a listing of the e lements with co r respond ing 

nodes . Moreover , punched cards a r e produced with the output format 

of BERSAFE and F L H E . 

2.2 PWR Nozzle 

PWR p r e s s u r e vesse l nozzles a r e embedded in the flange providing 

additional s t rength to account for the i r l a r g e r d i ame te r as compared 

to BWR nozzles (Fig. 1 ). 

F o r the analys is of such nozzles it is not sufficient anymore to study 

a q u a r t e r of the nozzle ; only the longitudinal plane is a s y m m e t r y plane 

and a half of the nozzle has to be analyzed. 

EURCYL has an option (NPWR=1) to genera te automat ica l ly a m e s h of 

the geometry depicted in F igure 8. Only half of the s t r u c t u r e 

can be generated by default, and automat ica l ly NTHETA will be equal 

to 3 . 

The mesh is generated by f i rs t cons ider ing it as a BWR nozzle m e s h 

with ves se l wall th ickness equal to flange th ickness , and next adding 

e lements according to Figure 9. The e lement d is t r ibut ion is 

summar i zed in Table 5. The numbering of e lements is as before i. e . 

in th ickness , angular and length d i rec t ion respec t ive ly . Those e l emen t s 

which do not exis t , e. g. for angular planes beyond NELA1 outside the 

flange, a r e ignored. 



IN LENGTH 

DIRECTION 

FIG. 9 - PWR STRUCTURE IN A DEVELOPED PLANE 
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TABLE 5 

(compared with Fig. 7 and F ig . 8) 

Direct ions 

Angular 

Thickness 

Length 

BWR P a r t 

2* NELA 

NELTH 

NELL 

Extension 

2* NELA 

NELTH 

l 

3 

Ì 

BWR P a r t + Extens ion 

2* NELA 

NELTH 

NELL + 1 in Ζ < 0 

NELL + l + 3 i n Z > 0 

3. GEOMETRY 

In a s i m i l a r way as for the generat ion of the topology of the m e s h , 

a l so the generat ion of the coordinates of the nodal points is c a r r i e d out 

f i rs t ly 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 d is t r ibu t ion and 

on the type of the e l emen t s . The dis t r ibut ion and the type of e lements 

depend on the i r tu rn on the s t ruc ture and the expected s t r e s s d i s t r i bu ­

t ion. F o r the nozzle s t ruc ture the type of e lement should pre fe rab ly 

be the parabol ic or cubic i sopa rame t r i c ones , in o r d e r to r e p r e s e n t a c ­

cura te ly the geometry of the curved sur faces (the l inea r e lement EZ24 

with s t ra ight edges has only been included for comple teness ) . The d i s ­

t r ibut ion of e lements should be fine in regions of s t eep s t r e s s grad ien ts 

and can be c o a r s e r e l sewhere . 

In EURCYL the distr ibution of e lements is control led by input. As 

far as the angular d i rec t ion is concerned, the d is t r ibut ion is homogene ­

ous for the nozzle zone (Α­D) and t r ans i t ion zone ( D ­ B ­ C ­ E ) and nea r ly 

homogeneous for the ves se l zone ( Ε ­ F ) , see F ig . 5. 
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In the thickness di rect ion the dis tr ibut ion is governed by a crowd­

ing factor CROWTH, according to a geomet r ica l s e r i e s with the 

s m a l l e r elements at the inside for CROWTH> 1 (see appendix 1). 

In the length direct ion the distr ibution is defined by NELN, NELT, 

NELV (see chapter 1) with corresponding crowding factors CROWN, 

CROWTR, CROWV according to geomet r ica l s e r i e s with increas ing 

e lements in the direct ion away from the in tersec t ion . 

F o r the determinat ion of the coordinates of the nodal points, f i rs t 

the coordinates of the points A, D, B, C, E and F (Fig. 2) for inside and 

outside surfaces and for the var ious angular planes have to be defined. 

F o r A and D the procedure is s t ra ight forward because they a r e on a 

cyl indr ica l surface with axis Z. The coordinates of Β and C follow from 

a t ranscendenta l equation, which is solved by i tera t ion (appendix 3). 

Points C , E and F lie on a cyl indrical surface with axis X. This surface 

is developed in a Z-X plane in which the coordinates a r e defined. Once 

the points A, D, B, C, E and F a r e defined, the summit nodes a r e found 

by geometr ica l interpolat ion using the crowding fac tors . Next the mid-

side nodes a re defined. 

F o r the s t ruc tu ra l options NTHETA / 1 the additional coordinates 

a r e found by symmet ry . 

The output of the geometry consis ts of a l ist of ca r t e s i an (X-Y-Z) 

or cyl indr ical ( r , 6 , Z) coordinates depending on the option NCOORD. 

Punched cards a r e produced to be used in subsequent runs with finite 

e lement p r o g r a m s . 

As for the topology, the option ITWOD allows the generat ion of the 

geomet ry in plane Z-X a n d / o r Z-Y. 
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3.2 PWR Nozzle 
I 

The coordinates of the extension a r e genera ted in a developed plane 

and then converted to the real s i tuat ion. It is noted that for a PWR 

nozzle NTHETA is equal to 3 by default. 

The coordinate sys tem is a ΓΘΖ sy s t em with the ζ axis coinciding 

with the axial axis of the vesse l . In this way the so -ca l l ed R-e l emen t s 

of BERSAFE can be used which as unknowns have the d i sp lacements in 

a cyl indr ical coordinate sys tem, r a t h e r than the usua l unknowns in c a r ­

t e s i an coord ina tes . 

Input data follow from Fig. 8 and 9 and a r e specified in chapter 4. 

4 . HOW-TO-USE 

Card No. 1 : job t i t le c a rd 

ces 1-4 AJOB A4 job name for BERSAFE p r o g r a m 

ces 5-80 TITLE 19A4 t i t le of the job 

C a r d No. 2: d imension ca rd (see F ig . 2 and 3) 

ces 1-6 RV(1) F 6 . 2 ex te rna l v e s s e l radius 

ces 7-12 RV(2) F 6 . 2 in te rna l ve s se l rad ius 

ces 12-18 FLV F 6 . 2 ves se l length 

ces 19-24 RN(1) F 6 . 2 ex te rna l nozzle rad ius 

ces 25-30 RN(2) F 6 . 2 in te rna l nozzle rad ius 

ces 31-36 FLN F 6 . 2 -nozz le length 

ces 37-42 RT(1) F 6 . 2 outside t r ans i t ion radius = 0 if 

t r ans i t ion not curved 

ces 43-48 RT(2) F 6 . 2 inside t rans i t ion radius ( = 0 if 

t r ans i t ion not curved) 

ces 49-54 FLVT( l ) F 6 . 2 length of t r ans i t ion zone, outside vesse l 



c e s 55-60 F L V T ( 2 ) 

c e s 6 1 - 6 6 F L N T ( l ) 

c e s 6 7 - 7 2 F L N T ( 2 ) 

c e s 7 3 - 7 8 R P 

C a r d N o . 3 

;cs 1-6 A L F A C 1 

c e s 7 - 1 2 A L F AC 2 

F 6 . 2 l eng th of t r a n s i t i o n zone , i n s i d e v e s s e l 

F ö . 2 l eng th of t r a n s i t i o n z o n e , o u t s i d e n o z z l e 

F 6 . 2 l eng th of t r a n s i t i o n zone , i n s i d e n o z z l e 

F 6 . 2 e x t e r n a l r a d i u s of n o z z l e e n t r y , in 

c a s e of c o n i c a l f o r m 

if = 0, RP=RN(1) ( c y l i n d r i c a l f o r m ) 

F 6 . 2 ang le in d e g r e e s of t r a n s i t i o n n o z z l e 

p a r t , if c o n i c a l 

( = 0 c y l i n d r i c a l ) 

F 6 . 2 a n g l e in d e g r e e s of t r a n s i t i o n n o z z l e 

p a r t , if c o n i c a l 

( = 0 c y l i n d r i c a l ) 

C a r d No . 4 : E l e m e n t a n d s t r u c t u r e op t ion c a r d 

R e f e r e n c e : BWR t y p e , q u a r t e r of a s t r u c t u r e . 

c e s 1-6 

c e s 7 -12 

c e s 1 3 - 1 8 

NELN 

NE L T 

NE LV 

c e s 1 9 - 2 4 N E L A 

c e s 2 5 - 3 0 N E L T H 

c e s 3 1 - 3 6 N E L T Y P 

c e s 3 7 - 4 2 N T H E T A 

16 n u m b e r of e l e m e n t s in n o z z l e l eng th 

I6 n u m b e r of e l e m e n t s in t r a n s i t i o n l eng th 

I6 n u m b e r of e l e m e n t s in v e s s e l l eng th 

16 n u m b e r of e l e m e n t s in a n g u l a r d i r e c t i o n 

16 n u m b e r of e l e m e n t s in the t h i c k n e s s 

16 e l e m e n t op t ion : 

= 1 type E Z 2 4 ( l i n e a r , 8 n o d e s ) 

= 2 type E Z 6 0 ( p a r a b o l i c , 20 n o d e s ) 

= 3 type E Z 9 6 (cub ic , 32 n o d e s ) 

16 s t r u c t u r e op t ion : 

= 1 q u a d r a n t 1 

= 2 q u a d r a n t 1 + 4 

= 3 q u a d r a n t 1 + 2 

= 4 q u a d r a n t 1 + 2 + 3 + 4 

F o r P W R nozz l e N T H E T A = 3 by de fau l t . 
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ces 43-48 NGAMMA 

ces 49-54 NCOORD 

I6 angle in degrees of v e s s e l s e c t o r 

(up to max imum 180 ) 

16 coordinates option 

= 0 x - y - z 

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

F o r PWR nozzle coordinate sys tem r - Ö - z (Fig. 3) accord ing to F ig . 7 

by default. 

ces 55-60 ITWOD 16 = 0 3D data r equ i r ed 

= 1 2D data r equ i r ed : z -x plane 

= 2 2D data r equ i r ed : z-y plane 

= 3 3D and 2D (z -x and z-y) d a t a 

requ i red 

F o r PWR nozzle ITWOD = 0 by default. 

Card No. 5: crowding factor ca rd 

ces 1-6 CROWN 

cc s 7-12 CROWV 

ces 13-18 CROWTH 

ces 19-24 CROWTR 

F 6 . 2 

F 6 . 2 

F 6 . 2 

F 6 . 2 

crowding factor along the nozzle if 

y 1 e lements i nc r ea s ing away f rom 

the t rans i t ion 

crowding factor along the v e s s e l if 

> 1 e lements i nc rea s ing away from 

the t rans i t ion 

crowding factor along the th ickness 

if > 1 e lements i nc rea s ing away f rom 

the inside sur face 

crowding factor along the t r ans i t i on 

nozzle and v e s s e l zones 

if > 1 e lements i nc rea s ing away from 

the junction, 

if = 1, automat ical ly = 1.1 
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Card No. 6: 

ces 1-6 NPOIN 

ces 7-12 NELEM 

ces 13-18 NBTOT 

ces 19-24 NPOIN1 

ces 25-30 NELEM1 

ces 31-36 NPWR 

16 index of f i rs t nodal point (3-D mesh) 

16 index of f i rs t e lement (3-D mesh) 

16 max imum number of nodes allowed in 

the s emi-bandwidth 

if = 0, NBTOT = 99 

16 index of f i rs t nodal point (2-D mesh) 

16 index of f i rs t e lement (2-D mesh) 

16 = 0 BWR nozzle 

= 1 PWR nozzle 

The cards 7 and 8 a r e by -passed if NPWR = 0. 

Ca rd No. 7: PWR par t c a rd (Fig. 8) 

cc s 1-6 

ces 7-12 

FLFLl 

FLFL2 

ces 13-18 FLFL3 

ces 19-24 FLFL4 

ces 25-30 RV(3) 

ces 31-36 RV(4) 

F 6 . 2 extension length in ζ negative with 

radi i RV(1) and RV(2) 

F 6 . 2 extension length in ζ positive with 

rad i i RV(1) and RV(2) 

F 6 . 2 extension length in ζ positive conical 

zone of the vesse l par t 

F 6 . 2 ve s se l length with radi i RV(3) and RV(4) 

F 6 . 2 ves se l outer radius 

if = 0 RV(3) = RV(1) 

F 6 . 2 vesse l inner radius 

if = 0 RV(4) = RV(2) 

C a r d No. 8: PWR par t c a r d 

ces 1-6 NGAMP 16 

5. RESULTS 

PWR vesse l sec tor (in degrees ) 

N . B . 180 > NGAMP > NGAMMA 

The output of EURCYL consis ts of l is t ings of: 

the input data, 
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- the total number of nodes and e l e m e n t s (1 ) , 

- the m a x i m u m s e mi-bandwidth (1) , 

- the 3 - D topology (2) , 

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

- the 3 - D g e o m e t r y (2) . 

(1) the job i s i m m e d i a t e l y abandoned if t h e s e p a r a m e t e r s do not a g r e e 

with the BERSAFE and FLHE l i m i t a t i o n s , 

(2) printed if required , th is sequence i s i m p o s e d due to p r o g r a m d i m e n ­

s i o n s c o n v e n i e n c e s . 

Fur ther punched cards are produced for the topology and the g e o m e -
(2) (3) 

try with the required formats for BERSAFE V ' and FLHE X ' u s e . 

Topology c a r d s - c a r d type 11 BERSAFE 

CCS 

CCS 

CCS 

C C S 

CCS 

CCS 

CCS 

1-4 

5-6 

7 -12 

13 -16 

1 7 - 1 8 

19 -22 

7 5 - 7 8 

AJOB 

11 

NOEL 

NNODES 

NODES 

A4 

12 

14 

12 

I5I4 

job n a m e 

c a r d type number ( B E R S A F E ) 

blank 

e l e m e n t number 

n u m b e r of nodes 

nodes s e r i e s 

N . B . if NNODES > 15, a continuation c a r d i s u s e d with 14 f o r m a t s 

( c e s 1 9 - 2 2 , e t c . ) and NNODES = NNODES +1 . 

Geometry c a r d s - c a r d type 21 B E R S A F E 

A4 job n a m e 

12 c a r d type n u m b e r ( B E R S A F E ) 

14 node n u m b e r 

F 8 . 3 X o r R coord inate 

F 8 . 3 Y o r β coord inate ( θ in d e g r e e s ) 

F 8 . 3 Ζ coord inate 

C C S 

C C S 

c e s 

C C S 

C C S 

C C S 

1-4 

5-6 

7 - 1 0 

1 1 - 1 8 

1 9 - 2 6 

2 7 - 3 4 

AJOB 

21 

NODE 

GNODE 

GNODE 

GNODE 
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Appendix 4 gives an example of the pr inted r e su l t s of a s t r u c t u r e r e ­

presen ted by the Calcomp plot of F ig . 10. F ig . 11 gives another example . 

6. CONCLUSIONS 

EURCYL covers the automatic m e s h generat ion of a b road field of 

cy l inder ­cy l inder in te r sec t ions . In pa r t i cu la r the p r o g r a m is sui ted to 

genera te m e s h e s for both BWR and PWR nozzles , including local r e in ­

forcement and fillet r ad i i . Punched ca rds a r e produced to s e r v e as in­

put for the finite e lement p rogram s y s t e m s BERSAFE and F L H E . 
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APPENDIX Ι 

Crowding Fac tors 

If Ν is the number of nodes to be generated on a s t ra ight or curved 

line defined by the p a r a m e t e r s χ and χ with crowding factor R, the 

coordinates of the in te rmedia te nodes a r e defined from: 

x j = x i + ( χ
Ν - x i ) C N 

CN = ( R j _ l - 1 ) / ( R N _ 1 - l ) 

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

These formulae a r e used to define the coordinates of the summit 

nodes in the thickness di rect ion, and for the nozzle zone A - D and the 

v e s s e l zone E - F in length direct ion (Fig. 2). 



APPENDIX 2 

The dis t r ibut ion of the elements in the t r ans i t ion zone is defined by 

the number of e lements NELT and the crowding factor R. 

The p r o g r a m has to define the number of e lements to be a t t r ibu ted 

to the dis tances DB, BC and CE, respec t ive ly N I , N2 and N3 (Fig. 5). 

An i te ra t ive procedure is applied. 

As init ial guess for the length of the e lements in d is tance BC is taken 

A = (DB + BC + CE)/NELT (1) 

The number of e lements in DB, BC and CE become respec t ive ly 

Nl = log(l + ( R - l ) DB/A)/ log R (2) 

N2 = BC/A (3) 

N3 = log(l + (R- l )CE/A) / log R (4) 

These equations expres s that for BC the dis t r ibut ion is homogeneous 

(3) and for DB and CE the distr ibution is according to a geome t r i ca l s e ­

r ies with f i rs t t e r m A and ratio R. 

The sum of the calculated e lements is compared to the p r e s c r i b e d 

number NELT. 

Nl + N2 + N3 = SUM ? NELT (5) 

A cor rec t ion is applied to A according to 
1/2 " A = A (SUM/NELT) ' (6) 

and the i tera t ion loop re turns to eq. (1) until (5) is sa t i s f ied . 

Equations (2) and (4) follow from the sum S of a geome t r i ca l s e r i e s 

with N t e r m s : 



S 3 

.N S = A ( R ' - 1)/(R - 1) ( 7 ) 

Once N l , N2 and N3 a r e known, the summit nodes in BC a r e dis t r i ­

buted homogeneously, and the summit nodes in DB and CE according 

to a geometr ica l s e r i e s with rat io R (appendix 1). 

Fig. 12 : Transition profile in an angular plane θ 
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APPENDIX 3 

The coordinates of points Β and C in an angular plane θ a r e defined 

by t ranscendenta l equations which a r e solved by i t e ra t ion . 

The in te rsec t ion of an angular plane 6 with the v e s s e l ( radius RV) is 

an el l ipse with half ax i s . 

RV/s in© and RV (Fig . 12) 

The i te ra t ion s t a r t s with a f i rs t guess for the radius RC of point C 

in the plane of in te rsec t ion . The ve r t i ca l posit ion of C is then defined by: 

2 2 2 1/2 

ZC = (RV ­ RC s i n f i ) ' (1) 

The angle β is defined by: 

= a rc tg (RC sin /9/ZC) (2) 

The angle ô  and the coordinates of points Β become: 

<X= 7Γ/2 ­ Of ­/* (3) 

RB = RC + RT s i n ^ ­ RT coscx (4) 

ZB = ZC + RT c o s ^ ­ RT sincx (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 i te ra t ion continues with equation (1), 

Equation (3) gives the value of c* and the in te rmedia te nodes between 

BC a r e defined by l inear interpolation of the var iab le (X. 
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TEST SAMPLE 
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