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Abstract

This paper numerically solves the nonlocal viscous water wave model based on the Direct Discon-
tinuous Galerkin (DDG) method. This algorithm combines the L1 approximation formula with the
BDF2 method to systematically construct an efficient numerical algorithm for nonlinear time-frac-
tional partial differential equations. Firstly, the integration by parts method is used to reduce the
order of the weak formula. Secondly, the stability of the discrete scheme is ensured by introducing
the boundary term and constructing a stable numerical flux. Finally, for the time derivative term,
the discrete methods of the L1 approximation formula and the BDF2 time difference are applied to
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construct the fully discrete DDG scheme. This paper gives a detailed description of the construction
process of the numerical scheme and strictly proves the stability of this algorithm. In the numerical
experiment part, a water wave model without a known analytical solution is selected to verify the
high-precision characteristics of this algorithm in space-time discretization.
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FRPPKEE N h=0.04, 73 HIHM =20,40,80 , U854 rf 2 a] SEOT AT ) R AL 4 th B E SR MR %
DL I TSI 3 2 o (R B 45 SR ) 5 A B Ok R O (7% ) (U TADWAC S . Mg v B v LU
S 573 9y 5 ST T P69 2R 5008 N TR S5 B BT BOR IR . 2 3 BRI 2% 1k, 4 Q=[0,400], i

ITHUESRY, W LAt A AR A I RIS e A 2 R

Table 1. Error and spatial convergence order of Q=[0,40],T =10,M =1000,k =2
#F 1. Q=[0,40],T =10,M =1000,k =2 iRZFNZS B SN

N Ju—u| WSk Ju—uyl, WSk
20 3.1451E-03 - 6.8540E-03 -
v=a=p8=y=1 40 6.8278E—04 2.2036 1.4804E-03 2.2109
80 1.6506E—04 2.0484 3.5454E-04 2.0620
20 1.7447E-03 6.8540E-03
v=a=p=1y=001 40 2.0532E-04 3.0871 1.4804E-03 2.2109
80 2.5384E-05 3.0158 3.5454E-04 2.0620
20 2.3484E-03 - 5.1577E-03 -
y=a=p£=Lv=10 40 4.4933E-04 2.3858 9.9242E-04 2.3777
80 1.0372E-04 2.1151 2.2807E-04 2.1215
20 2.2270E-03 - 4.4947E-03 -
y=a=v=14=10 40 3.8236E—04 2.5421 7.7061E-04 2.5441
80 8.3689E—05 2.1918 1.8146E—04 2.0863
20 3.1419E-03 - 6.9893E—03 -
y=p=v=La=01 40 6.7899E-04 2.2102 1.5253E-03 2.1961
80 1.6389E-04 2.0506 3.6925E-04 2.0464
Table 2. Error and temporal convergence order of Q=[0,40],T =10,M =1000,k =2
# 2. Q=[0,40],T =10,M =1000,k =2 fiR Z= FnAF B TS
M Ju—uy| WSk Ju—uy|, WSk
20 2.2954E-02 - 2.3214E-05 -
v=a=pF=y=1 40 5.6166E—03 2.0310 9.3187E-06 2.0817
80 1.4384E-03 1.9653 3.6484E-06 1.9888
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g
20 1.7447E-03 - 4.3869E—05 -
v=a=p=1y=001 40 2.0532E-04 1.4165 1.7213E-05 1.3497
80 2.5384E-05 1.3894 6.7702E—06 1.3462
20 4.1222E-03 - 2.3705E-04 -
y=a=L£=Lv=10 40 1.8289E-03 1.1724 1.0385E-04 1.1907
80 7.9512E-04 1.2018 4.4755E-05 1.2144
20 3.8475E-03 - 3.8475E-03 -
y=p=v=La=01 40 1.5567E—03 1.3055 1.5567E—03 1.3055
80 6.1394E-04 1.3423 6.1394E-04 1.3423
20 1.5871E-03 - 1.7547E-06 -
y=a=v=L13=10 40 6.2888E—-04 1.3355 6.9266E—06 1.3410
80 2.4643E-04 1.3516 2.7665E—-06 1.3241
Table 3. Error and temporal convergence order of Q=[0,400],T =10,M =1000,k =2
# 3. 0=[0,400],T =10,M =1000,k = 2 iR % FART B
M fJu—=uy| Wesipy flu—ul, W SR
20 1.5000E-03 - 2.3214E-04 -
v=a=f=y=1 40 6.0224E-04 1.3166 9.3187E-05 1.3168
80 2.3653E-04 1.3483 3.6484E-05 1.3529

14T =100,200,300,400, Q=[0,200]HF #fEf% u, MEIMER, Hbv=a=p=y=1. BREEIG

AN TR IR R ST, T ALV HE I S AR
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ASCHUE SR T AR R ARG KR . ¥ 5, FERS A1 ) LA BDF2 J7 3% A0 L1 3 Al 3070 i 2

IR SRR S H, AR A5 1 LR DDG U5k, A3 s g . Ok, At T BUE VAL R
HARRFERE T SO 30 AT R e e . e, Il BB SO B2 SRR A Rk . A2 XTI [8] 20 B 2
AT BN, BRATIE L1 3l 2, 5 VR RE AR LT TR A PR, (LT gk ) I JU) P SR EAIR,
WAL BEIG S AF IR R ROR WA . AR UR T FT R, AT %5 812 Y B8 ks BE I A AT B 1
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