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El ~todo de Volw.eDeS Finltos est •. slendo aplicado desde hace aftos •. 1•. resolucl6n
de problemas de convecclbn-dlfuslbn. Las func:lones de forma lineales •.parecen co-o
lnaplicables para nu-ros de Peclet a:>derados. por 10 que clertas funclones de for_
particulares ban sldo propuestas por otros •.utares para superar est •. dlfleultad. Se
auest ••• en esle trabajo que estas fUDClones clan I •.••••• a aproxl-.:lonea f'lslca8ente lID

realistas. adeaa.s de teDer un _1 coaportaalento nuaerlco. cuaDdo _ aplican a
ele.ntos COIl&ngulos obtusos.

Se propone _ nue_ f\melbn de for_ que lID adolece de I.. dU'lcultades de las
anterlores. Se present an resul tados te6rlcos y ••...erleos. Se puede conc:lulr que el
nuevo ~todo produce aproxl_clones realistas para cualquler forma de ele.ento. y
Iluest... un IIU¥ hueD co ••port •.••lento n~rlco. Puede trabajar con trlansulaclooes
arbltrarlas. bK:lendo aucho mas facll 1•. Urea de dlseAo de I. red.

The Finite VOIU8e Method bas been applied for many )OI!IU"S to UIe _lut'- of'
convectlon-dlf'fuslon proble ••. Line •.•• shape functions have proven to be Inapplicable
at even a:>derate Pleelet nUllbers. and particul.... shape functions for trllUl8Ular
ele_nts have been proposed by otber authors to c.verco_ this lialtatlon. It Is sha_
here that these funcllons lead to physically unrealist Ic approxi_tions. and also
have poor nU8erlcal behavior. when applied to ele_nts witb obtuse &nIlles.

A new shape function tbat ove~ the aforeaentlOlWd dlf'flcul ties Is proposed.
theoretical and nu_rlcal results are sha_. It .,•.•• be concluded that the new _t1MMf
procluces realistic approxi_tlons whate_r the shape of' tM ele_nts. and sho •• a
very good nUMerical behavIor. It can handle su :cesstlally •.••bitrary trlanculatlo •••
thus maklna very auch easier tM worlr:.of 6eslgniuC a Vicl.

The purpose of this paper Is to analyze and laprove tM Finite VOlUMeMethocl IFVM1.
also called Control Volu.e bBsed nnlte Ele_nt Methocl (CVFDfI or BOX MetlMMl,_
applied to the steady-state convection-diffusion equation.

The _thod, In Its lwo-dl_nslonal version as c1e~lned by Bal1ga and Patanltar III 111.
Is based In do_In dlscret Izat Ion Into 3-node trlancul •.•• ele_nls. A control ...,lu-
ill ocflne<l arollnd elGh node of the .ah. u shown In na. 1. Each centrol vollllle 1£
bounded by the llnes jolnlna tM centrolcls of el_nts wltb the aidpolnts of their
sides. This pertll hID resul ts III DOn-overlappln« control _l_s that extend over the



The discrete syste. of" equations arises f"ros a balance between t~ interior source
and t~ flux crossing t~ surlace of" each control voluae. to calculate t~ f"luxes
it is necessary to aa.lcesoae a.ssuaption concerning the shape of the unknownfunction
v(x.y} within each eleaent. this f"unction should provide the value of v in the
interior points of an eleaent as s function of" the values at t~ nodes. The values
of" v at tbese nodes are the unknowns to be obtained fro. the solution of the
equatio_.

In this work t~ attention is f'ocused on t~ properties and restrictions that certain
shape functio_ produce in t~ F'VK. A general theoretical fralle that includes earlier
shape f"unctions is developed. and particular prot-le. that occur with t~. are shown.
Finally, a new shape function included in t~ afore_ntioned t~oret1cal fraae is
proposed. that overco_ t~ dtf"f'iculties f"Mmdvith the earlier ones.

The f'irst step to obtain an algebraic approxi_t1on of" the proble. is to discret lze
the do_in in triangular ele_nts and to def"1necontrol vol•.••••s surrounding each
node. as shown in Fig. 1. In this f"1gure two control vol•.••••s are shown. one
surroundIng an interior DOCIe(i) and t~ other a boundary node (J).
T~ Interior of a control volu.e surround1ng a generic node i will be called Os and
its surf'ace aDl. with th being t~ clm:- Dt_~ aQ\. The corresponding deflnltlons for
an ele_nt e will be deooted as Q. aa and 0 . The vol...., Qs and Its surface !Ql can
be split into the el_ntal contributiOll&

where t~ ~ion extentt;; over all ele_nts in t~ grid. The symbol 6 represents
t~ connectivity _trlx (61_ 1 if' t~ local node s of ele_nt e is the global node
i, and is equal to 0 otherwise). the Eqs.(t) should be taken as a denni tion of c:
and r: (see Fig.2). Einstein con_tion of' __ lion over repeated indices is applied
in this work. except f"or the supra-Index e. The .,.,talion used in this paper >as taken
_inly f'~ Chung(2).

Let us first review t~ FYM•• applied to t~ solution of t~ well known2-D general
convection-dlf"f"usion equation (2)

J • • U V - II 'Iv (3)
This eql&U_ del_h•• tbe cI1str1butIOil of' tho>scalar Y. whIch is convected by a



velocity f1eld v aJkI wh1cbd1ffuses accordlns to nc:k's LawWwre I! stands for the
diffusion coefficient. •• is the convection coefficient and S 1s the vol..-tr1c rate
of production of v. and will be called source. Eq.(2) appears 1n the 1OOcie11naof
heat • .ass and llO_ntum transfer.

At'ter apply1ns tbe Creen-Ga\SS tbeore. to Eq.(2) >rUten in 1nteval fora. the
followins equation 1s obtai~. J J·n cfl"• J S dQ (4)

r g
I I

The d1scretlzed systea of equatiOlW 15 obta1ned by applyins Eq.(4) to -eb node 1n
the aesh. To _l_te the 1ntegrals in Eq.(4) it 1s necessary to knowthe variation
of a.l!.u.S and v over the whole do_in. The ..,...eters a. I! aJkI S are --.I
constant within each el_nt. The nodal values of u are Icno\mand a conatUlt average
value u" is ass••••d with1n each elesent (llnear int.erpolation ••• .-ed in the _rial
of Baliga and Patankar [1.3).

The interpolation used for v inside an elesent e CaDbe put in the followins fora:

v"(x.y) • v:_:<x.y) .1.3 (5)

These shape functions •• are the _In objective of this paper. and will be considered
in detail later.

Whenthe shape f'unctions of Eq.(S) are replaced In Eq.(4) an algebraic syst •• of
equations 1s obta1ned

Wwre the global _tr1x A and vector II results of an asselibUns process ol the
followins eleaental ones

A:" A J (J:'n) cfl" J: . ( ."v"_: - I!-V_: ) (7_1

r·.
b:. J S· dQ

g•
•

5olv1ns the s)'Ste. of Eq.(6). 1teratively if the probl_ ls non-liDear. weobtain the
desired values of v 1n each node.

The flrst shape functiona ••• used _re obviously linear 1nterpolalions. This leads to
algebra1c systeas slanar to that obtalned with the Galerk1n approach In the Finite
£lesent Method. 50. error esU~es for this setbod can be found 1n the paper of
BanIcand Rose (4).

It has lons been known that the use ol linear f\lllCUons lewis to oscillatory
solutions for even IlOderate Peelet nu-bers (def1ned for the grid spacl •• ). Just like
that observed with centered sche_ 1n the nnite DU'ferellCeMetbod.
To overco. this later d1f'flculty Patankar and 1la11ga[1.3) have proposecl the
followins interpolation 1nside each desent (tbe ~scrlpt e will be left
off 1n this section for the sake of siapliclty)

v(x, Y) • A U(X) + 8 Y + C (81

[

(fie vax) ]
U(X) • ax e fie - 1

e - 1

A local retated syct.a or coordinates X-V is detiMd. _ as to align the X axis with
the average velocity u· in the elesent ••• showDin nsure 3. The par_ter AX1s the



lemetb 01 t.1Ieel_11t 1a dlrect1cm X. the I'\aclet DUMler (Pe) •• beeftde1'1nedas

PIt •••••• ax / ,.

P•.••
8Ddtbela Eq.(8) 1•••• to a ll_ Interpolatlcm In tile pure 41,.,....1__ . Jlequlrl••
that v should be colncl" vtth tbe three nodal _lues YoI' (.-1.3) 1n -eh el_t we
can ella1nate •••.••• t••.• A.B8DdC 8Ddrewrite Eq.(8) In tbe fora or Eq.(5). In this
case

The n1ne constant.s _. boo8DdCoodepeDdonly on the _lues ll•••wtL. Y.) and V" at tbe
tbree nodes. Bydefining three C)'CHcIDdlces 1•• and n O ••• nsl.3) •• can write

V" - V. b "" - "" V" "" - Y. "" (10)al • --6-- I • --6- c1 • 6

The f'unctlOM of Eq.(9) -.. obtaIned as • suitable extensIon of t.be exact
boaoaeneoua~1_10na1 case. but these fuacUOIlBlacks or an laportant property
that their ~1_10nal counterparts bave. Tbe8e two-,:H_nslonal functlOll8 caa
take _1_ out of" the J"IUl8e [0 .• 1.1. In fact they can tall:e _bounded -saU ve and
poslUve ~_ I_Ide the ele •••nt. call1na M the aaxl_ abaolute ~ue of"tbe three
••• vtth1n the el_t •• can aaIte tbe f"ollow1•• obeervatloa:

m-.-ti_ 1: 1n certa1n condltlc.a. if" __ or tbe ttt'- internal -.1_ of tll-
eIeaeDt Is obt_. tbere exIsts a f"tnit.e Peclet DUMler Pe for vb1ch•.•• whim Pe;Pe .
Proot: this observattOD can be _lly deaonst.rated by _ or a partlcullU" ca8e.
Co_1der tile el_nt abDWD In F1a.3. Thevalue or 6 In thla _ 1s

" • Wz V3 - ax Ya

It should be DDt.ecItbat W2 can take __ ~ue bet_n X2(f"orPe-<l) and 0 (for Pe_).
8Ddtheref'ore " will take _1_ In tbe ranp

-ax Ya :s " :s ax (V~Y2)

8Dd or course will t.aIra a DUll _lue for certaIn finIte Pea. Follow1•• the
definitions of Eq.(to)-(11), it 1s ->' to _ tat the ~tora of az,bz and Cf
are Independentor Plt. 8Ddt ••• u-e rar-tera can lVO"' up vltbout H.lt •• Pe-#e.
As a consequence. the _lue MIn this exaaple can ai_ Il"* to ln1"lnity. This proves
the obse~Uon.

The aro...-t1~ obeerYaU_ sa- tbe poor _rical behavior of these shape
funct1_ ••••D •••• ll •• with obt_ -.1_. In th1s e- the •••tbod I. v"ry lllc"ly to
prod_ h1p roomdof'f"errors. In •••••ltlon. tbe resultant _trlx bas be"n observed to
~ _1_ wit.h ~ d1ff_nt 0I"ders or •••••Uude. This appears to be the ca~
or the slow converaence. due to hip condltion n~. observed In the nuaerlca.l
exper1aeDt.s.

n--e Is sUll anot.her laportant d1f'f'lculty. Accord1nato our n~rlcal experlflllOe.a
nept1ve det••••lnant 6 In an eI_t ~ nesaUve diagonals In tbe _trtx A tor
so-.. or all of the control vol_ tbat sbare tbat ele_nt. Followlna P'atanltar
((5).pep 38) a _tbod with such a bebavlor sboWd not "" accepteel be<:aus"it 1"..-
to piQlslcally unrealistic app-ox1_tlona. ID el.sent. vlth only llCute anal•••• tile
det.erah.nt " can only ha_ a _11 _lue for Pw-. SlId tllerefore It Deverchanges Its
slp. For tills re_. the probl_ or •••. Uve 1I1..-Is does not V'l_ If no obt_•••1- _ ...-t III u. -.h.



Fla. 3. Local cOOl'el1_t. s)/Stea
with X axis aUaned vitti .0.

Fla. 4.. Local coordl~. QIIt-
vi th X axis all •••• vlth the

laraest side or the • I_at.

Nu.erlcal results obt.alned vltb this I'UIlCUons1. trlanstaJ.aUOIWwltb obt_ angl_
will be pre-"ecl later In tMs paper. lIhovina clearly tile eN'ecls or the abo••••
_nUoned lost or ~lcs real1_.

SuppoBethat the unIcnownf'leld v alA be expressed vlthl. _ el_nt _

v(x.y) • (x) + ~(yl (12)

II' a condition 01' mall dlveraence Is lapossed or. tile resIl1U•• f'lux J. U. f'ollovl ••
relaUon Is obtained

v • [-<~~) - jIV«(+lJ) • 0 (131

are _~ constant Inside tile ele-.ot .-I speelfYlllC u.t
the 't_ t\llllCtlons ( and l •• ,.,..tely. the l'ollovlllC relaU.-

II' 4. fJ and .-{ -. Uy)
Eq. (13) _t bold tor
are obtained:

.u ~-fJn.o,,- ax2

1'be eeneral solutio.- of' Eq.(14.) ••••

(hd • A Vbl + C
"

[

(Pe" vAxl
"'(x) • Ax e -

ePe - 1 [

e (.-,. y.l_l_ 1 ]
Z(yJ • 6¥ --------.Pe _ 1

this ....uf'led Peclet DUIIbersc:aa talre either sip and ••• def'IDed_
Pea·._Ax//J Pe•••• __ //J



6 • \It (Z2-Z3) + \12 (~21) • \13 (22-22) (18)

Another approach that leads to two exponentlal shape f'uDctlonli, although In
st.ructured V1da; of IIqla!'e ele_nt.s. can be fo\md 1n the work of 0' Rlordan and Stynes
(61.

The runctlOD JlI"Opoeed_ rlU" aU 11 lave t.he _ proble_ •• that. of' Pat.a.nkIU".
Cons1der •••.•n t.be _ of' FlS.3. It "'-7 1s O. the newlIbape funcUon reduces t.o tlat.
of' Eq. (9) , and of course presents t.he _ probl_. It should be llOUc:ecl.however,
that tbe new p-opos1UODdoes not. requ1re aD1'rotat10ll 1JlPOSeClby t.he local now
f'lelel, so we are t'ree t.o det'l_ 1t f'or aD1'rotated (or not) S)"Bt_ X-Yo The Icey ldea
of' the .U.od proposed 1s t.o c~ a parUcullU" rotaUon t.hat. resul ts 1n shape
tunctions vtth __ nent -.-leal behav1or.

Consicler the el_nt. of' Fla. t. The rotated S)"BteaX-Y bas been chosen so •• to allsn
the X ax1s vtth the llU"seat slde. If' we _ construct our f'UDCUonsof Eq.(16) 1n
tbis IQ/IItea, the f'ol1ovtns observat.10llcaD be -.de:

OblI_tlOll 2: The saxi_ absolute _lue Mof' the f'UDCUOns••••(_1,3) 1n O· Is
equal to 1 alvavs.
Proof": the def'ln1tlOD of' A of' Eq.(8) appl1ed to this particular rotaUon slves 6 •
ax 6Y al~ (1t 1s 1ndependent of' the _lues of Pe" and Pe,,). Us1ns Eq.(17) we can
rear.-..nce Eq.(16) 1n the follovtns fora

It 1s easy to _ troll ele_otary poaetl7 that
a II &IIe..-1on Uice

XII ()/rye) + D IYe-)'a) + Xc IYa1/l»

represents. 1n aodule. twice the area of the t.r1ansle &be (th1s _lue can be positlve
or neptive depend1ns 011the orlentaUon of' the three po1nts).
a 11) If tbe triansle is enclosed In a boJ(. so that O_:stox and OS)':5ll¥. then the
saxl_ possible.,.... for such a tr1ansle 1s 6xAy12.

FI"OIIthe two above aentloned propert lea of' tr1ansles and t.he fora of the rearransed
expresslcms of •••••reca.l11ns that OsWIX):liAXand OSZlY)$6Y.It 15 clelU"ly seen that
the three fUIlCUOD8•• alvavs take _lues In the r&ft8e [-1.11 within the elesent.
that Is to A¥

-1 s _lX.V) s 1•
As they take the _h. 1 at l_t I•• the correspondlns DOCIeIt follows that Hal and
tberef'ore observaUon 2 Is tna.

The .tbod propoeecI t.beIl consists In _Ins the f'unctlons deflned In Eq.(6) In a
s)"Stea locally rotaled &0 •• to aUIIl the X axis vttb the llU"88st slde of' t.he
trlansle. ThIs _lhod bas the f'ollowll1&_In ad~taps:

1) the deleralnant 6 bas a constant poslUft _h ••. No nesatlve d1aaonals are
al1-.1 to 1U"1.. tm. e_1nc plQ/s1ca11y real1sUc approxl_t 10m \mder all
cl rcuast.anoes.

ll) t.be cond1Uon nUIIberof tbe •.•••ult.aDt _tr1x shows areat 1aproveaents when
COIIp&redvttb earner _t100ds.

lll) U>enewproposed _thod 1s DOt1Ilcely.o show blp roundoff errors because
the _1_ of the w.pe f'lIDCtlollli.,... ,...trlctecl to the ranae [-I,ll llllilde gO.



In t.he .xt. sections mmerlcal result.. aDd coaparl_os \tlt.h earUer _t1KM1sare
sbcMln.

To provide experi_nt.a.l support. t.o t.he t.heoretlcal relMllt.s of t.he precedlnpecUOIIS
so_ nu.erical resul t.s and coaparl80ns will be shown.To carry out t.he calculatlons
shownIn t.hls ee<:tlon. a coaputer code _ set up. Sparse _t.rlx t.echn1~ (7) were
used. In order to obtain a code capable or bandllne large probleas and arbl t.ra.ry
_tMlCtured _shes. Because direct solutlon by Gaussian eUai_tion beco_s
extre_ly slow, or Inapplicable at lOll. In aedius to large probleas vith
non-syaaet.ric _t.rlces. a conJ••••te-.,-adlent-l Ute _t.bod called Conjugate Gradient
Squsred leGS) (8) __ laph ••ent.ed. AD Incoap!ete W clecoaposlUon lILU) _thod
U:ersha\t (9.10)) __ \ISed successfully as a prec.oIldIUoner. Usine t.he afore_ntloned
code t_ probleas. ~usb to shov t.he advantaps of t.he proposed set.hod. were
conslderecL TI:Ieflrst. 1. an 8CIldealcbe~ and t.he second Is a real t.echnDloClc:
problea.

Proble.l:
This is a well knownbena-rlt taken froa GlowlllSlty(11). Consider t.he ~ln g sbowl
in Flg.S. An untrora veloclt.y neld _H.O) aDd a conatant SOW'CeSal are iJlllOsed
over it. A constant teaperature T..o Is given over the whole boundary aQ.

U=l
1 --.

5-'1.
1

1 I 2. ~•••

Flg. 5. Probl_ 1: no-In aDd
boundary colldlt1ODS.

N\merlcal results of this problea wit.h •••1. and !I"O.OOI were obtai oed using the three
grids shown In Flg.6. They all have 1000 eleaer.ts and 561 DOdes.The grid IIho\mIn
Fig.6 ..•. has horizontal bands or refined ele_nts to .V'OldvlUles of tetlplll"&tureIn
the boundar)' l~ ••• for high Pee1et nuabers. Thr grid of"Flg.6-b Is eq\&l to that of'
Flg.6 ..•. except for a sinele node that •••• -.wed up and lett In order to produce an
ele_nt with an obtuse angle. The V1d sbo_ In Fla.6-c Is tMt or Fig.s.... vltb all
but the boundary DOdesaoved In rsndoa directions a flxecl s_l1 dlstuoce (0.01).
produclne randoaly distributed sUptly distorted el_llts. so_ or tbea vith obt.-
anal ••.



three grids are .bD_ In Fl,.1. In this rlsure n l.ot~l 11nes. evenly
distributed Cre. O. to 3.• are sbD~. The distortion oC a single node bas produceda
nesatlve dlaao_l OIl the correspondlnc rov oC the atrlx. thus ,Iven an unrea11stlc
teaperat.- peak t••••••ported downstreu by the velocity Cleld. The Fl,.1-<:. sbows
clearly a totally distorted solution obtained vlth the raDdoaly aodlCled arid. III
tbls __ 134 -caU". dlaao-l ••••• re detected III .trlx A.

lhe results obtained vlUl the newJII~ CuncU_ Cor tM three arlds are ~ III
Fl•. S. It is clearly _ tbat the sohltlon -.. not acC.ded at all In the c_ or
Fl•. 8-b aIld only _Il dlsturm-& appear III Fia.8-c. 110_ptlve dlaao_l. were
detected.

Another l..,ortant eN'ect to he taken Into account Is the ll1prOve_nt 111the condltlOll
nUllberoC_trlx A. Theprobl_ or grid 6-a -.. _lved In 13 ~ iteraUons vlth both
_UlOds. The probl_ or arid 6-c -.. aI_ solved In 13 a:s It.raUons vith the nev
_tbod. but It tooll;110 IteraU_ to obtain a c:on--.ct _luUon whenthe setbod or
Ballp ••• Pat.ankar-.. applled.

•••••1_ 2:
This Is a real _ or a the~ probl_ tbat •••• _ In a coextruslon process oCtwo
dlsUnct _terlal. 1121. The delaUs or this probl_ are not relevant for us. The
velocity neld and the IlOIlUD1r_beat source. due to Int_l Cricllon. have been
talr.eftr~ a Finite El~ solution or the ~Ic proble•. The boundaryconditions.
vlUl ~_ --.UzecI to O. at the Inlet. are sboYDIII Fla.S. The streullnes
or U. _Iectty n.ld and U••• Id ~ are sbo1mIn Fip. 10... 11.

or- -. vlt.b cUf'f"-'- cllft'\l8IYlU_. are considered.

1) 1'JIe bl•••• t '-clet arid ••••• r Is In Uilis _ about 5000. The real
dICC_lvlt)' oC the probl_ bas been arUctcially increased In order to coape.re
nu.erlcal results. It -.. laposaible 10 ob1aln CODYergedsolutions with the ear1ler
_lbod oC Eq.(9) Cor dU'Custvities lower U.n that used In 1hls case. The solutions
obtal.-l vltb the _tbod oCEq.(9) and tbie proposed _tbod are coapareclIn Fla. 12 and
13. The ..-11er se1bod sbDVlI _sathe tetllperatures (-3. <T<4.). which are coapletely
unreallstlc because or the boundarycondltlons and the t'act that the heat SO\IrCeIs
poslUve eYerywbere.With this setbod. 34 _pUve dlaao-ls where detected In the
_trtx. In Fta. 15. the plots of the •..••Idual versus CCSiteraUoDS are sboMl. The
11IprO__ Dt In the rate oC convef'lleDCeobtal.-l vlth the DeWpropoeed setbod I.
clearly -.

11) The dlt'f'uslvUy bas heeDalven • _1_ 5 t1_ lo-r than that or the
preceding case. As ••• been _Id bef'ore. only the solution obtained with the new
proposed setbod can be showl In Fla. 14. Vllh the earlier _tbod. 153 nepUve
d1aaonals _re detected and a COD-aect solution _ l•••• n.l. to he obtained. The
converse behavior 01" the two setbods .,.. eotapareOIn Fl,.16.

Fl,. 9. Probl_ 2: Doa!1l and
Iloundv)' eondl t ions

Fla. 10. Proble. 2: Clven
streaallnes.



Fill. 13. Pr-oblea2: casei.
Proposed .tllOCl.

a. a. 1& • •
II lilT "'

Fla. 15. Probl_ 2: e- 1.
Plots of residuals.

""a. 12. Probl_ 2: e- 1.
Earlier _tllOCl.

F1&. 14. Problea 2: e- 11.
ProposecI _t1IOC1.

Fla. 16. Pr-oblea2: e- 11.
Plots of residuals.



A nev Flilite Vol~ Metbod for _lvlnc coavectlon-dU'fuslon proble_ has been
proposec:l. A _ shape funcUOIl, that Ill1Cludesearlier propos1tlons of other autbors
as a particular ease•••• been liltroducecl. The better mmerlcal behavior of the nev
shape functlon hu been both tbeoretlcally aDd_rlcally provec1.

In our ~1ca1 experl_nta, t_ or walch have beeo abowD••••••• the new_tbod has
conslstently presented three _In ~taaes ~ ca.pared vith earHer proposlUons:
1) No nepthe dl..-ls are allowed to arl •• In the _trlx >lhatever the ahape or the
ele_nta. Tbl. ensures ~lca reall •• to be _I ntalned.
ll) The condltlon DU8berof the resultant atrlx appears to be sreatly llqlr'Ovec1.
sbovlng considerably 10•••• _lvlnc tl_.
111) Hlch nMmdorf errors are DOt likely to be produced beca\me the valun or the
shape runct lOllSare restricted al W3'S to the range [-1. 11.
As a rtra} ~luslOD It CUI be aald that the nev _thocl produces faster and very
~t codas. allov1nc &1_ veal flexlbllity la the des1ao or the grlda.

The author vlshes to tbe.nk lng. C. Bascaglla aDdL.le. C.
dll1CUSlons. aad loa. M. Venere aDd Inc. E. Ihrl for
Generator ~ aDd the Crapblc PDstP!'oce&sor
c:o.puu,cl-.1. CeIltro At_Ice Barllocbe)

Padra for their enUghtenlng
the •• of their 2-D Grid
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