by vortex blob methds (see Leonard [6])-
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 VARIABLE-ELLIPTIC-VORTEX METHOD FOR
INCOMPRESSIBLE FLOW SIMULATION™

.7 TENe ZEEN-BUAN (S5 ¥)
y (Peking University, Beijing, China)

~ Abstract

A variable-elliptic-vortex method, w]:uch is & iganem]jidtinq of the elliptic-vortex method
proposed by the author in [1], is presented for the pomerical gimulation of incompressible flows.
The most attractive featnre of the new method is that the numerical vortex blobs used in this modsl
like actual vortex blobs can be translated, rotated and deformed in elliptic shape. The new method
provides a more reasonable and more accurate approach for flow simulation than the fixed-vortex

 methods, N umerical examples are presented to demonsirate the performance of the new method.
I §1. Introduction. |
. Vortex ._I!lilB{'bhOd.S_ _hgve‘, provided an. atiractive and successful approach for the
numerical simulation of ,ipcompressible fluid flows a$ high Reynolds number. The

: ] = -

foatures of these methods are as follows: (1) the interactions of the numerical
vortices mimic the physical meochanisms in sotual fluid flow; (2) vortex methods are
automatically -adaptive,: since the vortex “blobs” concentrate in the regions of
physical interest; and (38) there are no inherent errors with behavior like fthe
numerical viscosity of Enlerian difference methods. Such numerical viscosity ofen

obseures the effects of physical viscosity in high Reynolds number flow simulation.

The first attempls by Rosenhead [2] to simulate flows by a vortex method used
point vortices. Bub the point vortex method introduces a singularity of the velooity
field in its centre. Chorin [3] and Kuwahara and Takami [4] introduced a vortex
method with finite ‘cores or vortex blobs, to smooth out the singularity and to
stabilize the method. There have been a large number of successful flow simulations

' T4 is however noticed that up %o now all of the pumerical vortex blobs in umse
are assamed 1o retain fixed shape for all time while the actual flow can undergo

gubstantial diétoifﬁbn. The “unphysical behavior” of voriex blobs reduces the

amuraqy ; ofthheﬁwrtex . methods, even -though it does. not interfere with the
eonvergence of

vortex methods ([6], [7], T18]). Thus there is considerable interest

B A Y i ST e Rl T W 1 B fphens | ween i il e DR R 1 U TG : .
- Xn'find ~a;nfa,p‘prﬁpna}.te-_approaoh to form & rglgp’ghodwﬂih 'variable vortex blobs,
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- which can follow the distortion of actual Vorbex blobsl " ¢
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In this paper & ‘variable—ell]pm&-vorﬁex E ethod is ¥ résented to meet this need,

{"hioh s & generalization of ‘the elliptio-voriex iMethod Proposed by ihe snthor in

ajive foature of . the new, modslgdliat the: variable vortex blobs
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oan be translated, rotated and deformed in the shape of elliptic type according to the
decomposition theorem of velocity in a small neighborhood. The main merits of the
new model are .as follows: (1) ib provides a more flexible and more reasonable
approach to mimic physical ﬂ{}WS (2) it has higher order accura.uy in Space than the

fixed shape vortex method.
§ 2. Approximate Motlon af a Small Elliptic Blob

In this paper we are mainly concerned w1th incompressible inviscid flows in
two dimensions satisfying the Euler equa.hons in the vortex form

35:—[—% 3{-’ -j:ﬂ—i=l0,

= —é', o B3 rem - @)
3 e 3 | '
where &= (u, v) is the velumty vmtor, 7 = (m, y) is the position, ¢ is the time, s is
the stream function, £ =-§£——-§% is the vorhmty, 4=V? is the Laplace operator.

In the fcllowmg we censider an approxlmate motion of a small blob ﬂu in fluid.
Let 4 be an elllptw blob at t=0 ﬁentmd ‘a.t au== G deﬁned by

-{al(a-—nu)A(a a,,)’*"agl a R},

where A=(m;,’) is a 2>< 2 positive deﬁmte m&tmx A small elhphe blob Q, meang

that its major axis is small; '

- We will use a==(ay, ay) for the"La.grangmn ﬁoordma.tes of a fluid particle. Thus

a particle starting at the posmon uEQ., at ¢=0 follows a trajectory r(t; a)

determined by the equatmn ~ “ -

dar

{ = u(f t‘), @)
r(O a) -a

In wrltmg equatwns to approximate (2) , Wé waxpand u(:r t) at r.,(#) -r(t a,), the
trajectory of the center e, of £2,, by Taylor’s theorem -

- u(r, )‘=ﬂ(fm t)+(r—-ru)"?ﬁ(fu, it "ﬂla)’ ..

where 'Vu...( Z':f g:::) denotes the: J bla.n matnx of u and (r-—ro) Vu(nrn, £)7T is
| . e et ol
a matrix. mult1p]_1 ea.twn Sﬂbﬂhtﬂﬁﬂg ﬂ}a .gxprmnn 1111;0 (2) a.nd negleﬂtmg the
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term of O(|r— ro]’), we gét an. appronma
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Whlﬁh 13 a Ilnm Ordlﬂﬂ.i'y diﬁ'grénvﬁzaf .. Bl

._'.z_"'if r}(t) is assumed 1o’ be & known
trajectory. From above we know that (3) approximatea (2)- with.second. order |

aconracy in space. In ‘tising notations of'2» f-ﬁm B nu—ao, (8)- becomes




