k&g\i Scopus

Search Sources Lists SciVal » ® A
Document details
¢Backtoresults 1 of 2 Next)
Metrics @ View all metrics >
CSVexportss ¥, Download (5 Print X E-mail {%) Save to PDF ;",{ Save to list  More... >

View at Publisher

Journal of Physics: Conference Series

Volume 856, Issue 1, 2 June 2017, Article number 012007

13th Conference on Theoretical Physics and Nonlinear Phenomena 2016; Jakarta; Indonesia; 4
October 2016 through ; Code 128334

Jin - Xin relaxation method used to solve the one-dimensional inviscid

Burgers equation

Mungkasi, S.* &, Wuri Harini, Bl =, Wiryanto, L.H.

(Conference Paper) (Open Access)

[ Save all to author list

?Department of Mathematics, Faculty of Science and Technology, Sanata Dharma University, Mrican, Tromol Pos 29,

Yogyakarta, 55002, Indonesia

bDepartment of Electrical Engineering, Faculty of Science and Technology, Sanata Dharma University, Mrican, Tromol

Pos 29, Yogyakarta, 55002, Indonesia

“Department of Mathematics, Faculty of Mathematics and Natural Sciences, Bandung Institute of Technology, Jalan

Ganesha 10, Bandung, 40132, Indonesia

Abstract

We consider the Burgers
, called the Jin - Xin

relaxation

equation and seek for its numerical solutions. The relaxation
relaxation method , is tested to solve the Burgers

method solves the Burgers equation successfully. In addition, the Jin - Xin relaxation

holds the analytical properties of the Burgers equation better than the standard Lax-Friedrichs finite-volume
method does. © Published under licence by IOP Publishing Ltd.

SciVal Topic Prominence ©
Topic: Hyperbolic Systems | Hyperbolic Partial Differential Equations | Boundary Stabilization

Prominence percentile:  84.878 ©)

Indexed keywords

Engineering
controlled terms:

(Finite volume method )

Engineering
uncontrolled terms

(Analytical properties) ( Burgers equations) (Numerical solution) ( Relaxation methods>

Engineering main
heading:

(Partial differential equations)

ISSN: 17426588
Source Type: Conference Proceeding
Original language: English

DOI: 10.1088/1742-6596/856/1/012007
Document Type: Conference Paper
Sponsors:

Publisher: Institute of Physics Publishing

v View references (10)

method of Jin and Xin
equation . We find that the Jin - Xin
method

3 Citations in Scopus

86th percentile
1.87 Field-Weighted
Citation Impact ®

¥

PlumX Metrics v

Usage, Captures, Mentions,
Social Media and Citations

beyond Scopus.

Cited by 3 documents

A simple finite volume scheme
for subcritical shallow water flows
on staggered grids

Mungkasi, S., Supriyadi, B.
(2018) AIP Conference
Proceedings

A staggered grid Jin-Xin
relaxation method used to solve
the Burgers equation

Irawati Ule, M.A., Mungkasi, S.
(2017) Journal of Physics:
Conference Series

Reconstruction of initial
conditions of the Burgers
equation in conservation law
problems

Mungkasi, S. , Laras, F.
(2017) Journal of Physics:
Conference Series

View all 3 citing documents

Inform me when this document
is cited in Scopus:

Set citation alert »

Related documents

Numerical solutions to a
parabolic model of two-layer
fluids



References (10)

1 Al

1

4

View in search results format >

CSVexport ~ (=Print [XE-mail {FJSaveto PDF  Create bibliography

Mungkasi, S., Darmawan, J.B.B.

Fast and efficient parallel computations using a cluster of workstations to simulate
flood flows

(2015) Communications in Computer and Information Science, 516, pp. 469-477. Cited 7 times.
http://www.springer.com/series/7899

ISBN: 978-366246741-1

doi: 10.1007/978-3-662-46742-8_43

View at Publisher

Banda, M.K., Herty, M.

Adjoint IMEX-based schemes for control problems governed by hyperbolic
conservation laws

(2012) Computational Optimization and Applications, 51 (2), pp. 909-930. Cited 21 times.
doi: 10.1007/s10589-010-9362-2

View at Publisher

Jin, S., Xin, Z.
The relaxation schemes for systems of conservation laws in arbitrary space dimensions

(1995) Communications on Pure and Applied Mathematics, 48 (3), pp. 235-276. Cited 625 times.
doi: 10.1002/cpa.3160480303

View at Publisher

Yohana E 2012 (Johannesburg: University of the Witwatersrand) MSc Thesis

Yohana, E.M., Banda, M.K.

High-order relaxation approaches for adjoint-based optimal control problems
governed by nonlinear hyperbolic systems of conservation laws (Open Access)

(2016) Journal of Numerical Mathematics, 24 (1), pp. 45-71. Cited 2 times.
http://www.reference-global.com/loi/jnma
doi: 10.1515/jnma-2013-1002

View at Publisher

Armijo, L.

Minimization of functions having lipschitz continuous first partial derivatives
(Open Access)

(1966) Pacific Journal of Mathematics, 16 (1), pp. 1-3. Cited 1020 times.
doi: 10.2140/pjm.1966.16.1

View at Publisher

Mungkasi, S.

Some advantages of implementing an adaptive moving mesh for the solution to the
Burgers equation (Open Access)

(2015) /OP Conference Series: Materials Science and Engineering, 78 (1), art. no. 012031. Cited 5 times.
http://www.iop.org/EJ/journal/mse
doi: 10.1088/1757-899X/78/1/012031

View at Publisher

Mungkasi, S. , Mesra Mangadil,
F.D.

(2018) Journal of Physics:
Conference Series

Reconstruction of initial
conditions of the Burgers
equation in conservation law
problems

Mungkasi, S. , Laras, F.
(2017) Journal of Physics:
Conference Series

Jin-Xin relaxation solution to the
spatially-varying Burgers equation
in one dimension

Mungkasi, S. , Laras, F.

(2017) Journal of Physics:
Conference Series

View all related documents based
on references

Find more related documents in
Scopus based on:

Authors >  Keywords »



[ 8

O o

Mungkasi, S.

Adaptive Finite Volume Method for the Shallow Water Equations on Triangular Grids
(Open Access)

(2016) Advances in Mathematical Physics, 2016, art. no. 7528625. Cited 11 times.
http://www.hindawi.com/journals/amp/
doi: 10.1155/2016/7528625

View at Publisher

LeVeque, RJ.
(1992) Numerical Methods for Conservation Laws. Cited 2458 times.
(Basel: Springer)

LeVeque, R.).
(2002) Finite Volume Methods for Hyperbolic Problems. Cited 3953 times.
(Cambridge: Cambridge University Press)

© Copyright 2018 Elsevier B.V., All rights reserved.

<(Backtoresults 1 of 2 Next> A Top of page



About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters

Language Customer Service
BAGECUIDERD Help

PHREERFSZ Contact us
YHAEIERS 5L

Pycckun a3bik

ELSEVIER

Terms and conditions 2 Privacy policy »

Copyright © Elsevier B.V ». All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use
of cookies.

RELX



CTPNP 2016 http://situs.opi.lipi.go.id/ctpnp2016/

Conference on Theoretical Physics
and Nonlinear Phenomena

Jakarta, Indonesia
4 October 2016

i hari kebangkitan teknologi nasional

gelorakan inovasi!

» Previous meetings

- Revealing the dark secret of the
» Important dates http://situs.opi.lipi.go.id/ctpnp201

» Venue » Poster
» Memory in pictures

» Accommodation

Conference on Theoretical Physics and Nonlinear Phenomena is an annual meeting o1
» Programme Indonesia. This conference aims to facilitate a gathering place for theorists from Indonesia
ideas. This conference is also intended to motivate young physicists to actively do research

» Registration
Following the success of the twelve previous meetings, the thirteenth one will be held on 4 (

» Participants Institute of Sciences (LIPI) in collaboration with the Indonesian Theoretical Physicist Group (
» Proceeding Topics covered

All topics related to the studies of theoretical physics are welcome. This conference consists
» Organizer on the following fields:
» Contact ¢ Astrophysics

e Computational Physics

e Condensed Matter Physics

¢ Gravitation & Cosmology

e Mathematical Physics

¢ Nonlinear Physics

¢ Nuclear & Particle Phenomenology
e String Theory

» Online forum
» Live video of CTPNP 2016...

We will have no poster session.

Invited Speakers
The Scientific Program of CTPNP 2016 will include plenary talks given by the following invite

¢ Giovanni Villadoro (The Abdus Salam International Centre for Theoretical Physics, Ite
e Husin Alatas (Bogor Agricultural University, Indonesia)

¢ Suharyo Sumowidagdo (ALICE Collaboration, CERN & Indonesian Institute of Scienc
¢ Haryanto Siahaan (Parahyangan Catholic University, Indonesia)

Participants

Researchers and students working on theoretical physics and nonlinear phenomena from In
invited to participate at this conference.

Registration
To register, please fill the registration form on this website.

1of1 5/6/2021, 11:07 AM



CTPNP 2016

http://situs.opi.lipi.go.id/ctpnp2016/

Conference on Theoretical Physics
and Nonlinear Phenomena

Jakarta, Indonesia
4 October 2016

0]» hakteknas

hari kebangkitan teknologi nasional

gelorakan inovasi!

» Front page

» Important dates

» Venue

» Accommodation

» Programme

» Registration

» Participants

» Proceeding

» Organizer

» Contact

» Online forum

1of1

Organizer

Advisory Board

e H. Alatas (Bogor Agricultural University)

e P. Anggraita (National Nuclear Energy Agency)
¢ A.N. Atmaja (Indonesian Institute of Sciences)
¢ A. Bangsawang (Hasanuddin University)

¢ A. Damanik (Sanata Dharma University)

¢ |. Fachrudin (Universitas Indonesia)

e S. Feranie (Universitas Pendidikan Indonesia)
e B.E. Gunara (Institut Teknologi Bandung)

¢ L.T. Handoko (Indonesian Institute of Sciences)
e E. Latifah (Malang University)

e T. Mart (Universitas Indonesia )

o P.W. Premadi (Institut Teknologi Bandung)

A. Purwanto (Sepuluh November Institute of Technology)
L. Rohman (Jember University)

F. Rusyidi (Airlangga University)

Roniyus M. S. (Lampung University)

M. Satriawan (Gadjah Mada University)

A. Sulaiman (BPPT)

e Supardi (Sriwijaya University)

e Suparmi (Sebelas Maret University)

o AY. Wardaya (Diponegoro University)

e F.P. Zen (Institut Teknologi Bandung)

Scientific Committee

o H. Alatas (Bogor Agricultural University)

e A.N. Atmaja (Indonesian Institute of Sciences)

e B.E. Gunara (Institut Teknologi Bandung)

¢ Julio (Indonesian Institute of Sciences)

e M.A. Majidi (Universitas Indonesia)

e T. Mart (Universitas Indonesia)

e P.W. Premadi (Institut Teknologi Bandung)

¢ R. Primulando (Parahyangan Catholic University)
e M. Satriawan (Gadjah Mada University)

e A. Sulaiman (BPPT)

Local Organizers

e AN. Atmaja
e Julio

5/6/2021, 11:07 AM



CTPNP 2016 http://situs.opi.lipi.go.id/ctpnp2016/

1of1

Conference on Theoretical Physics
and Nonlinear Phenomena

Jakarta, Indonesia
4 October 2016

0]» hakteknas

hari kebangkitan teknologi nasional

gelorakan inovasi!

» Front page

Participants

» Important dates
Only registrations which have been approved by the organizer are shown below ! The abstrac

» Venue status are shown at the last coloumn. You must login to your registration page to downlo
attendance.

» Accommodation

» Programme No. Name Institution Registration st
» Registration

1. Albert Sulaiman Badan Pengkajian  On-The-lnternal-Soliton-Propagation-o
» Participants 1465263178 dan Penerapan Jopography

Teknologi (BPPT)
» Proceeding

2. Andriyan Bayu Suksmono  School of Elec. Finding-a-Hadamard-Matrix by Simulat

» Organizer 1465543356 Eng. and Vectors
Informatics, Institut
» Contact Teknologi Bandung
Online f 3. Andriyan Bayu Suksmono  School of Elec. Finding-a Hadamard Matrix-by-Simulat
» Oniine torum 1465543356 Eng. and Vectors

Informatics, Institut
Teknologi Bandung

4. Ardian Nata Atmaja Lembaga limu participant
1455608037 Pengetahuan
Indonesia
5. Aria Ratmandanu Gadjah Mada participant
1470290165 University
6. Doni Andra Gadjah Mada Theoretical Study-of Gravitational Forc
1470971922 University
7. Donny Dwiputra Institut Teknologi [Abstract-submitted] Nonlinear Dynami
1468978509 Bandung by Specific DNA-Protein-Interactions
8. Getbogi Hikmawan Theoretical Physics PowerFunctionnflationPotential-Ana
1469418623 Laboratory, THEPI = Model with-Gauss-BonnetTerm

Division, Faculty of
Mathemathics and
Natural Sciences,
Institut Teknologi
Randiina

5/6/2021, 11:06 AM



Journal of Physics: Conference Series

PAPER » OPEN ACCESS Related content

. . . - A staggered grid Jin—Xin relaxation
Jin=Xin relaxation method used to solve the one- ethod used o soive 1h Burgers.
eguatlon

dimensional inviscid Burgers equation Maria Anjelina Irawati Ule and Sudi

Mungkasi

- . " . . - Jin—=Xin relaxation method for solving a
To cite this article: Sudi Mungkasi et al 2017 J. Phys.: Conf. Ser. 856 012007 traffic flow problem in one dimension

Bernadetta Ambar Sulistiyawati and Sudi
Mungkasi

- The Hirota bilinear method for the coupled
. . . Burgers equation and the high-order
View the article online for updates and enhancements. Boussinesq—Burgers equation
Zuo Jin-Ming and Zhang Yao-Ming

Recent citations

- Reconstruction of initial conditions of the
Burgers equation in conservation law

problems
Sudi Mungkasi and Fioretta Laras

- A staggered grid Jin—Xin relaxation
method used to solve the Burgers
equation
Maria Anjelina Irawati Ule and Sudi
Mungkasi

This content was downloaded from IP address 146.232.129.75 on 06/05/2018 at 10:23


https://doi.org/10.1088/1742-6596/856/1/012007
http://iopscience.iop.org/article/10.1088/1742-6596/909/1/012042
http://iopscience.iop.org/article/10.1088/1742-6596/909/1/012042
http://iopscience.iop.org/article/10.1088/1742-6596/909/1/012042
http://iopscience.iop.org/article/10.1088/1742-6596/795/1/012041
http://iopscience.iop.org/article/10.1088/1742-6596/795/1/012041
http://iopscience.iop.org/article/10.1088/1674-1056/20/1/010205
http://iopscience.iop.org/article/10.1088/1674-1056/20/1/010205
http://iopscience.iop.org/article/10.1088/1674-1056/20/1/010205
http://iopscience.iop.org/1742-6596/909/1/012045
http://iopscience.iop.org/1742-6596/909/1/012045
http://iopscience.iop.org/1742-6596/909/1/012045
http://iopscience.iop.org/1742-6596/909/1/012042
http://iopscience.iop.org/1742-6596/909/1/012042
http://iopscience.iop.org/1742-6596/909/1/012042

Conference on Theoretical Physics and Nonlinear Phenomena 2016 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 856 (2017) 012007 doi:10.1088/1742-6596/856/1/012007

Jin—Xin relaxation method used to solve the
one-dimensional inviscid Burgers equation

Sudi Mungkasi', Bernadeta Wuri Harini? and Leo Hari Wiryanto3

! Department of Mathematics, Faculty of Science and Technology, Sanata Dharma University,
Mrican, Tromol Pos 29, Yogyakarta 55002, Indonesia

2 Department of Electrical Engineering, Faculty of Science and Technology, Sanata Dharma
University, Mrican, Tromol Pos 29, Yogyakarta 55002, Indonesia

3 Department of Mathematics, Faculty of Mathematics and Natural Sciences, Bandung
Institute of Technology, Jalan Ganesha 10, Bandung 40132, Indonesia

E-mail: sudi@usd.ac.id, wuribernard@usd.ac.id, leo@math.itb.ac.id

Abstract. We consider the Burgers equation and seek for its numerical solutions. The
relaxation method of Jin and Xin, called the Jin—Xin relaxation method, is tested to solve
the Burgers equation. We find that the Jin—Xin relaxation method solves the Burgers equation
successfully. In addition, the Jin—Xin relaxation method holds the analytical properties of the
Burgers equation better than the standard Lax—Friedrichs finite-volume method does.

1. Introduction

Conservation laws govern a number of physical and mathematical problems. In physics,
they relate to transport of conserved quantities, such as mass, momentum and energy. In
mathematics, they may occur as a constraint in optimal control problems and other optimization
problems, for example, minimizing costs, maximizing revenue, etc.

Some previous works related to conservation laws are available in the literature. Conservation
laws were successfully applied to simulate real world problems, such as floods and tsunamis as
presented by Mungkasi and Darmawan [1]. Investigation on Adjoint IMEX-based schemes for
control problems was conducted by Banda and Herty [2] using the relaxation method of Jin and
Xin [3] (the Jin—Xin relaxation method). Yohana [4], as well as Yohana and Banda [5], extends
the investigation to the Euler equations of gas dynamics employing the work of Armijo [6]. Even
though the Jin—Xin relaxation method has been implemented successfully by Jin and Xin [3]
themselves, as well as by the authors of [2,4,5], to solve some problems, to our knowledge, there
is no publication testing the method to solve the one-dimensional inviscid Burgers equation.

In this paper we solve the one-dimensional inviscid Burgers equation using the Jin—Xin
relaxation method. Note that the Burgers equation is a member of the class of conservation
laws. Our work complements the aforementioned literature. We also solve the Burgers equation
using the standard Lax-Friedrichs finite-volume method, as a benchmark, to compare the results
with.

This paper is organized as follows. We write the problem formulation of the Jin—Xin
relaxation system in Section 2. The numerical scheme to solve the problem is given in Section 3.
Numerical results and discussion are presented in Section 4. Finally, we draw some concluding
remarks in Section 5.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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2. Problem formulation
In this section, we describe the problem that we want to deal with. We write the mathematical
model under consideration first and the approach to solve the model afterward. We assume that
the model is one-dimensional and scalar.

First, let us recall the general mathematical model that we want to solve. The general
mathematical model governing the one-dimensional scalar conservation law is

u + f(u)e =0, (1)

for the time variable t € [0, 00) and the space variable x € (—o0, 00) with the initial condition
u(z,t =0) =wug(x). (2)
Here u = wu(z,t) denotes the conserved quantity and f (u) represents the flux function. The

function ug gives the initial condition of the conserved quantity. The conserved quantity can be

mass, momentum or energy. Equation (1) is generally nonlinear. Note that, taking f(u) = %uQ,

(1) becomes the one-dimensional inviscid Burgers equation [7].

Now, to solve (1) with the initial condition (2) let us recall the relaxation approach of Jin and
Xin [3], that is, the Jin—Xin relaxation method. Jin and Xin [3] proposed that (1) and (2) be
approximated by a relaxation system, which is a linear system of partial differential equations.
The Jin—Xin relaxation system for the mathematical model (1) is [3]

ug + v, =0, (3)

o ag = — (0~ f(u) (W
where the initial conditions relating to (2) are
u(z,0) = up(z), (5)
v(,0) = f (uo()). (6)
Here v = v(z,t) is a dummy variable and a is a positive constant satisfying
—Va < f'(u) < Va, (7)

for all u. The parameter € is positive and called the relaxation rate. When the solution is
smooth, we eliminate variable v from (3) and (4) to obtain

u + f(u)y = €(aUpy — ug) - (8)

For € — 0", we observe that (8) tends to (1). That is, for e — 07, (3) and (4) simultaneously
tend to (1). Here we have approximated the nonlinear equation (1) using the system of linear
equations (3) and (4) for ¢ — 0. However, if we take ¢ = 0, then (3) and (4) are not defined.
Ideally € is a small positive number, which is close to zero. More details about the Jin—Xin
relaxation system can be found in the work of Jin and Xin [3].
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3. Numerical method
We write the numerical scheme to solve (3) and (4), that is, the relaxation system of (1).

Let us assume that the space and time domains are discretized in the finite volume framework.
The space domain is discretized uniformly with the cell width h. (Readers interested in
nonuniform space discretization can consult the work of Mungkasi [8].) The time domain is
discretized uniformly with the time step k. The notation u? is for pointing the approximate
value of w in the j-th cell at the n-th time step.

In this paper we use the upwind numerical technique as follows [3]. Discretizing (3) and (4)
with respect to space and time domains, we obtain the one-step conservative explicit scheme:

ut Tt -
oL oy u” —u” 1
11/2 ~1/2
L o R (ur— f (). (10)

Once again, a is a positive constant satisfying (7), so we can take a = f’(u)?. Jin and Xin [3]
derived the first-order upwind relaxing fluxes, which are given by

1 1

u?+1/2 =5 (u? + U;'LH) - —2\/5 (U;LH — an) , (11)
1 a

Vi = B (V] +vjq) — \/7_ (ufpr —uf)- (12)

Using the upwind fluxes (11) and (12) in the one-step conservative explicit schemes (9) and (10)
we obtain the upwind numerical method for (3) and (4) as

"t —u? g va
g (= o) = G (e — 20 ) =0, (13)

a Vva 1
oy (W — i) — o (0 =200 F0f) = —— (0 = (). (14)
Therefore, given that we know the quantities u? and v} at the n-th time step for all j cells,
using (13) and (14) we can compute the quantities and at the (n+ 1)-th time step for all j cells.
This can be done by iterations. Starting from the initial condition (2), we have (5), so we
obtain u?. We also have (6), so we obtain v?. Then the values of ujl-, vjl-, u?, vjz», u;’, v?, ... are

also obtained for all j using (13) and (14).

4. Numerical results
In this section we present results of our research. The Jin—Xin relaxation method is applied
to solve the inviscid Burgers equation. The results of this method are analyzed if they hold
some analytical properties of the Burgers equation. We also compare the results of the Jin—Xin
relaxation method to those of the standard Lax-Friedrichs finite-volume method to show that
the Jin—Xin relaxation method performs better. All quantities are assumed to be in the SI units,
so we do not need to write their units.

As we have mentioned in Section 2, let us take f(u) = Su?
nonlinear inviscid Burgers equation

Equation (1) becomes the

up + <%u2>$ =0. (15)
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u(x,t)

8 10

Figure 1. Initial condition for the Burgers equation at time ¢ = 0.

For simulations, we set up the followings. We consider the space domain 0 < z < 10. The
initial condition is given by

1—cosz, if 0<ux<2m,
ug(w) = (16)
0, if 27 <z <10.

The boundary condition is

u(0,t) = u(10,t) =0 (17)

for all £ > 0. For all simulations, we take the cell width to be h = 1072 and the time step to
be k = 1073. This time-step value is chosen so, in order that methods are stable. The Jin-Xin
relaxation rate is taken as e = 1073,

Let us collect some analytical properties of our simulation setting. With the initial condition
given by (16), the maximum height of the wave is 2, as shown in figure 1. Due to the
characteristics of the Burgers equation, the wave propagates from the left to the right direction.
Based on the formulation of LeVeque [9], the wave will form a shock discontinuity starting at
time ¢ty = —1/ min {ug(z)}, that is, ts = 1. Therefore, a shock wave will propagate from the left
to the right at time ¢ > 1. When the shock occurs, the wave loses some energy, so the wave
height gets smaller over time. Using these properties, we shall analyze our numerical results.

Representations of Jin—Xin relaxation results are shown in figure 2. From our simulation, we
observe that the wave height is kept at the value of 2 until time ¢s = 1, as given in figure 2(a).
Then for time ¢ > 1, a shock occurs and the wave height gets smaller than 2. We also notice that
the shock is sharply resolved by the Jin—Xin relaxation method, as illustrated in figure 2(b).

In this section we also record numerical results of the standard Lax-Friedrichs finite-volume
method applied directly to the Burgers equation (15). Readers interested in this finite-volume
method are referred to the work of LeVeque [10]. In the Lax-Friedrichs finite volume simulation,
we use the same initial and boundary conditions as well as the same values of the cell width
and time step, as mentioned before. Representations of Lax-Friedrichs finite volume results are
shown in figure 3. The Lax-Friedrichs finite-volume method cannot preserve the wave height at
the value of 2 at time t5 = 1, as given in figure 3(a). In addition, the Lax-Friedrichs finite-volume
method cannot sharply resolve the shock wave for time ¢ > 1, as shown in figure 3(b).
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u(x,t)
u(x,t)

0 2 4 6 8 10 0 2 4 6 8 10
X X
(a) The Jin—Xin solution at time ¢ = 1. (b) The Jin—Xin solution at time ¢t = 2.

Figure 2. Solutions to the Burgers equation using the Jin—Xin relaxation method.
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(a) The Lax-Friedrichs solution at time ¢ = 1. (b) The Lax-Friedrichs solution at time ¢ = 2.

Figure 3. Solutions to the Burgers equation using the Lax-Friedrichs finite-volume method.

We can now compare the results of the Jin—Xin relaxation method and those of the Lax-
Friedrichs finite-volume method. Comparing figure 2(a) and figure 3(a), we obtain that the
Jin—Xin relaxation method holds the analytical property of the wave height better than the
Lax-Friedrichs finite-volume method does. Furthermore, comparing figure 2(b) and figure 3(b),
we notice that the Jin—Xin relaxation method holds the analytical property of the shock
discontinuity better than the Lax-Friedrichs finite-volume method does.

5. Conclusion

We have solved the inviscid Burgers equation using the Jin—Xin relaxation method successfully.
Our results in this paper complement the test cases already available in the literature regarding
the method. The method is able to resolve smooth and nonsmooth solutions. In addition,
the Jin—Xin relaxation method has better performance than the standard Lax-Friedrichs finite-
volume method does.
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