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Time Filter Method for Solving Partial Differential Equations

ZHANG Yalan, HUANG Pengzhan

(School of Mathematics and System Sciences, Xinjiang University, Urumqi Xinjiang 830017, China)

Abstract : Partial differential equations have a wide range of applications in many areas of computational fluid
dynamics. However, most of these equations cannot be solved directly. Hence it is crucial to establish numerical
methods that can solve them efficiently. For numerical methods, accuracy and effectiveness are the core of an
algorithm. The filtering algorithm is a numerical post-processing algorithm based on the original computational
code of a complex system. The method is based on adding a simple time filter to the original numerical scheme to
improve the time accuracy without additional computational complexity, and is widely used in fluid problems. In
this paper, we describe the time filters, some numerical methods based on time filter, and the application of time
filters to several equations. Moreover, we design the time variable filter to the Navier-Stokes equations.
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Ut =u" - —= — (' —u"?)|, 2<n<N.
14w,

o
2 |14+w,
B, 1) JE RS ™ A —BoRE B2, T 7S 0 — 20 i A& i A%, FiBE A% UTERT ] F2 ZHirg .
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3.3 % DNA #FEE B AR — DXt 7512 RBT (8] 8K 75 7%
AR R RO Ehas A eRE YR p(x,t) PR LA i i 77 R 20

pi+0p, =0, 0<z<1l, t>0
p(,0) = po (7)
p(oat) =P1

Forr: o> 0 JEIEE MR, po F1 p; SRR SRR B, AR p(a,t) FRARAE ¢ B 2T 2 6 1) 25 7]
oz BRI R B B ARG S BEth po ZEIUE. WMAGNFAE © =0 kb, AARIER AR LG A7 S5
AL, WSRO o =1, S L7 AR

I 5 50 A B XU AR S A B R IE R s TR TE A A oy = jh, §=0,1,2,--- M H
tn=nk, n=0,1,2,--- N LB # PDE Jrft. & SGERME P~ p(x,,t.), W (7) BESBIER R

n+1 n n n
P; _Ri+@u?_RFJ

At Az =0,

BAD 0 XUk XA
Pl =pr (P~ P ).

N T R R FRAR, E B p=0At/ Az, FXN Courant 3, I FGF—ANEE S HGEEE, 1 M(EZ
WAL TR EAE RO T A E 1)
O<pu<l.

3R 58 2 BB SR (2, 8010) ALRIISTRIERE SRAHSS 5

BB 1 PP = (1—p) PP+ pPr

B 2. PP =Prtt—L(Prtt 2P 4 P,
Horp Pt R PP SR AR IR AR PSRRI L. ST 7 RSN SR, 0 < <2, WL
B, 7 =0 BHZAR AT A 2 M XS TUER AR AR, A R T AR N P Tk U e L
EARAIE S, 153 3] P

Pt =[r4 (=p)(1= )| Pr =2 Pr (1 - )P

4 NS 77F2R—Fhed B IR R 7%

AT, PR NS TR (3), AN SCERH T TR RO B bk (T ) AR SRS T TR R B R B Q(t) =
exp(—t/T) KEITCAANFAENE, RN EET LR ve, FATRITET I 18 b a5 AT LURE 15 B A — R 2 £
FE TR TR, EEE T NS JTREMIEX

%—?—l—Q(t)eXp (;) (u-Vu—vAu+Vp=f, V-u=0,

Q@) 1 t

FAX RSB T LIS B X TRTA € (0,T), 7775 (u,p) € X x Q, fiifs

(uy,v) 4+ Q(t) exp (;) b(u,u,v)+v(Vu,Vv)—(p,V-v)=(f,v),

(V-u,q)=0, YV (v,q) € X xQ,

dQ(t) _ 1 t
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BTk, 2 XINTAIE S 43 uy € X, FT Q e R, FE1E (u ™, pp ™, Q") € X, x Q) x R /2

n+17 n tn
<H”) (Vs Vo) + QM exp <) bl g, o) — (2, V- 0n) = (£ (b1, 0n)

At T
(V-up™,q,) =0, V (Vn,qn) € X X Qn (8)
n+1 n 1 tn
e AtQ TQ”“—i—exp( ;1>b(umuhvuﬁ+l)

a4 B ) AR e I ek 2. 15 {10, N >0 [0,7] EAYAE—EGH47, 2RI At, =t —t, Fl
HEKRME Aty = 1I<11La<XN{At”}' BRI w, = At /Aty 1, Wiin = glllgN{wn} Winax = MaX {wn} FH wo=1.
T L {w,} R BOA AT, BRIZ b, 1 B(u) i (1o ) — o TR B —BAh e, 0,
it E(up) :=up.
HIE 1 HE ay,ayuy € X, QL QM e R AFAE ()t pr ) € X, x Q) TR

n+l__ . n t
(“ o) +ovar, To + @ e (5 ) (@), Blap) )

At,
+(V'ﬂz+1th)_(ﬁ;LH—lav'vh):(.f(tn+1)avh) (9)
1+2unQn+l (1+w'n)Qn+ w2 Q! 1 ‘. ) ) )
= o) L e pa e (Ut e, B, ;)
PR 2. WAPER 1 AoRAT ap ™ pn @i R ROHER (upt pi ) € X x Q)
1 2 2
u';lt+1 — ﬁz«&»l _ wn( +wn) ~n+1 Wn 'U/271 ,
2(1+2wn) 14w 1+w

n+l _ =n+1 wr, (14+wy,) 2 n 2w, 4
= — —9 )
P =P T o0 o) \Tqw P Pt P

NIRRT A SN

1 QO ul Fl At = Aty, SKIFE (8) 58] Q' Fl ul. SRIF, hEFVFIRE TOL, Aty Fl At,, HKIK
Ref=l (9) HAHRTUE B AR Q2 w2 F1 Q°, ul.

R 2 X T n=2,3,--- N —2, Kf#E=X (9) I BT UENE AR 2] wp ™ F1 Q2 R DL FAPER.

P 3. AIER K A, HEAT EST f1 EST,,

1+w,)

Wp—1Wy

EST ! = ( D+t
142w, +w, 1(1+4wn+3w5)” o
14+w,)
ESTn+1 Wn—1Wn ( n Dn+1 .
142w, +w,,_ 1(1+4wn+3wfl)| Q|

E

]- n ]- n— 1 n 2_ n 1+ n
Dn+1:uz+17( +w )( +w 1( +w ))u2+wn(1+wn_l(1+wn))u2717wn 1w ( w )’U/Ziz,

I4+wn 14w,
1+wn)(1+wn,1(1+wn)) B w2_ wn(1+wn) _
Dn+1: 'n+1_( n N 1 o 1 N n—1__ %“n_1%n1T%n) oy 2.
o =@ o, Q" +w, (14w, 1 (1+w,))Q o

WIER max{EST"+', ESTL*'} <TOL/3, WEHUHIN EIEAS At =0.9At, min{2, (TOL/EST"*")'/3 (TOL/
ESTS )3}, Wk TOL/3 <max{EST"+', ESTS'} <TOL, WIHHHEEK At, 1 =0.9A¢, min{1, (TOL/
EST1)Y3 (TOL/ESTS™ )3} 25 L EPIAS RN 2, MR BIEER 2 )5 B i 2B 4k A, =
0.7At, min{(TOL/EST"*')'/3, (TOL/EST5")/?}.
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T L] 32 202 4 Ak B P AR MR JE , Dl DR 2% Ao PR 28 5 DS AR 22 R 2K
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