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Convergence order of the error of example 1 based on linear elements(without limiter)

1 ETHMETTES 1 WiIRERISEH (TRHIZF)

BT A5 R R B, DPG #% U7 F HWENO R il
T I B A Ao VA R G T DX S A A BB

N L error L order L error L  order
10 1. 16E-002 — 1. 79E-002 —
20 3. 03E-003 1. 94 4. 71E-003 1.93
40 7. 69E-004 1. 98 1. 21E-003 1. 96
80 1. 93E-004 1.99 3. 03E-004 2. 00
160 4. 83E-005 2. 00 7. 58E-005 2. 00
320 1. 21E-005 2. 00 1. 89E-005 2. 00
640 3. 00E-006 2.01 4. 68E-006 2.01
x2 ETZUETTES 1 IR ZE RIS (HWENO BR 88 )
Table 2 Convergence order of the error of example 1 based on linear elements(HWENO limiter)

N L error L order L error L order
10 1. 17E-002 — 3. 36E-002 —
20 3. 03E-003 1. 95 6. 25E-003 2.43
40 7. 69E-004 1. 98 1. 21E-003 2.37
80 1. 93E-004 1. 99 3. 03E-004 2.00
160 4. 83E-005 2. 00 7.58E-005 2. 00
320 1. 21E-005 2.00 1. 89E-005 2. 00
640 3. 00E-006 2.01 4. 68E-006 2.01

R3I BET-ARTTES 1 WiIRERSFH (TRHIZF)

Table 3 Convergence order of the error of example 1 based on quadratic elements(without limiter)

N L error L order L error L  order
10 5. 34E-003 — 8. 26E-003 —

20 6. 47E-004 3.05 1. 02E-003 3.02
40 8. 03E-005 3.01 1. 26E-004 3.02
80 1. 00E-005 3.01 1. 58E-005 3.00
160 1. 25E-006 3.00 1. 97E-006 3.00
320 1. 57E-007 2.99 2. 46E-007 3.00
640 1. 96E-008 3.00 3. 08E-008 3. 00

R4 BEFTRETES 1 HREHKSH (HWENO [RHI2F)

Table 4 Convergence order of the error of example 1 based on quadratic elements(HWENO limiter)

N L error L order L error L order

10 5. 34E-003 — 8. 26E-003 —

20 6. 47E-004 3. 05 1. 02E-003 3.02
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gk
N L error L order L error L  order
40 8. 03E-005 3.01 1. 26 E-004 3.02
80 1. 00E-005 3.01 1. 58E-005 3. 00
160 1. 25E-006 3.00 1. 97E-006 3.00
320 1. 57E-007 2.99 2. 46E-007 3. 00
640 1. 96E-008 3.00 3. 08E-008 3.00
x5 ET=XRTTEG 1 MR ER B (TR %)
Table 5 Convergence order of the error of example 1 based on cubic elements(without limiter)

N L error L order L error L order
10 4. 15E-004 6. 42E-004

20 2. 12E-005 4.29 3. 30E-005 4.28
40 1. 61E-006 3.72 2. 52E-006 3.71
80 9. 42E-008 4. 10 1. 48E-007 4.09
160 5. 48E-009 4. 10 8. 60E-009 4. 11
320 3.46E-010 3.99 5. 44E-010 3.98
640 2. 13E-011 4.02 3.35E-011 4.02

Fo6 EF=XRTTHSG 1HIRENEHH (HWENO RHIF)
Table 6 Convergence order of the error of example 1 based on cubic elements(HWENO limiter)

N L,error L order L error L order
10 4. 15E-004 — 6. 42E-004 —
20 2. 12E-005 4.29 3. 30E-005 4.28
40 1. 61E-006 3.72 2. 52E-006 3.71
80 9. 42E-008 4. 10 1. 48E-007 4. 09
160 5. 48E-009 4. 10 8. 60E-009 4. 11
320 3.46E-010 3.99 5. 44E-010 3.98
640 2. 13E-011 4.02 3. 35E-011 4.02
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Fig. 3 Schematic diagram of Example 2, 80 and 160 cells
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Fig. 4 Schematic diagram of Example 2, 80 and 160 cells
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Fig. 8 Schematic diagram of Example 3, 80 and 160 cells
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A Discontinuous Petrov-Galerkin Method for
One-Dimensional Hyperbolic Conservation
Law Equations Based on HWENQO Limiter

DUAN Xiaofeng, GAO Wei~

(School of Mathematical Sciences,Inner Mongolia University, Hohhot 010021, China)

Abstract: The discontinuous Petrov-Galerkin method (DPG)is a new type of numerical solution to the hy-
perbolic conservation law equations, which distinguishes itself from the DG method by its high accuracy
based on compact stencils. However,in order to overcome the unphysical oscillations of the higher order
linear schemes near the large gradient solution, the DPG method often needs to incorporate limiter func-
tions to obtain a high-resolution image of the numerical solution. This paper attempts to combine HWENO
as limiter function with DPG to solve the discontinuous initial value problems for the hyperbolic conserva-
tion law equations. The single-step high-accuracy SSP Runge-Kutta method is used for time discretization,
and a new HWENO-based process is used as the limiter of the RKDPG methods,which requires only one
reconstruction to complete the update of the higher-order moments without calculating the linear weight
coefficients. . Since the accuracy does not meet the design requirements,the HWENO limiter above is par-
tially improved for the identification of the problem cells in the HWENO limiter above, with the original
numerical solution used at the smooth solution. This paper only gives the calculation results of P' ~P?*,
and the limiter is also applicable to the DPG method for higher elements. Numerical examples show that
the HWENO limiter can effectively suppress non-physical oscillations in the problem cells and keep the o-
riginal accuracy at the non-problem cells. The high accuracy and compactness characteristics of the DPG
method are maintained. The numerical calculation solutions are efficient and accurate.

Keywords: Discontinuous Petrov-Galerkin Method; Hyperbolic Conservation Law; Hermite WENO Limit-
er; Runge-Kutta
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