Hindawi

Advances in Multimedia

Volume 2023, Article ID 9819175, 1 page
https://doi.org/10.1155/2023/9819175

Retraction

Q@) Hindawi

Retracted: Numerical Calculations of the GRP Scheme for
Nonconservative Ideal Fluid Mechanics Equations Relying on
Parallel Calculation of Multifluid Grids

Advances in Multimedia

Received 10 October 2023; Accepted 10 October 2023; Published 11 October 2023

Copyright © 2023 Advances in Multimedia. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.

This article has been retracted by Hindawi following an investi-
gation undertaken by the publisher [1]. This investigation has
uncovered evidence of one or more of the following indicators of
systematic manipulation of the publication process:

(1) Discrepancies in scope

(2) Discrepancies in the description of the research reported

(3) Discrepancies between the availability of data and the
research described

(4) Inappropriate citations

(5) Incoherent, meaningless and/or irrelevant content
included in the article

(6) Peer-review manipulation

The presence of these indicators undermines our confidence
in the integrity of the article’s content and we cannot, therefore,
vouch for its reliability. Please note that this notice is intended
solely to alert readers that the content of this article is unreliable.
We have not investigated whether authors were aware of or
involved in the systematic manipulation of the publication
process.

Wiley and Hindawi regrets that the usual quality checks did
not identify these issues before publication and have since put
additional measures in place to safeguard research integrity.

We wish to credit our own Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing to
this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their agree-
ment or disagreement to this retraction. We have kept a record of
any response received.

References

[1] H.Zhan and M. Wu, “Numerical Calculations of the GRP Scheme
for Nonconservative Ideal Fluid Mechanics Equations Relying on
Parallel Calculation of Multifluid Grids,” Advances in Multimedia,
vol. 2021, Article ID 5118005, 8 pages, 2021.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9819175

Hindawi

Advances in Multimedia

Volume 2021, Article ID 5118005, 8 pages
https://doi.org/10.1155/2021/5118005

Research Article

Hindawi

Numerical Calculations of the GRP Scheme for Nonconservative
Ideal Fluid Mechanics Equations Relying on Parallel Calculation of

Multifluid Grids

Huijing Zhan ®' and Mingze Wu (»*

!School of Mathematics and Physics, Fujian University of Technology, Fuzhou 350118, China

*Zhejiang Shuren University, Hangzhou, China

Correspondence should be addressed to Mingze Wu; 201601015235@stu.zjsru.edu.cn

Received 16 August 2021; Accepted 29 October 2021; Published 9 December 2021

Academic Editor: Zhendong Mu

Copyright © 2021 Huijing Zhan and Mingze Wu. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

In order to solve the numerical method of nonconservative ideal hydrodynamics equations, the viscous perturbation technique for
solving nonconservative hydrodynamics equations is improved and tested by solving the Riemann problem. The calculation of
nonconservative ideal fluid mechanics is based on the GRP format. This article aims at the calculation method of nonconservative
ideal fluid mechanics in the GRP format. Riemann and the corresponding periodic vortex are processed. The multifluid network
processing method in the article is compared with the current method. The result can prove that this format can be used to solve
the nonconservative ideal fluid dynamics equation of multiple values in the GRP format group, its computing power is strong, and

the result of the solution is accurate.

1. Introduction

Relying on the multifluid grid parallel computing method can
indicate the process of computing the GRP. The algorithm can
be used to complete the traditional computing tasks that can be
completed on a large computer or even a supercomputer on a
PC or HPC composed of multiple GRPs. Using this, the
method can effectively reduce the cost [1-3], and at the same
time, it can provide a new path and method for the long-term
development of CFD as a computationally intensive discipline.
However, it can be seen that the numerical value obtained by
using this type of scheme to solve the nonconservative
equations of the GRP scheme is more unreasonable than that
obtained by using the conservative GRP scheme to solve the
nonconservative ideal hydrodynamics [4-6]. Up to now, there
is no theory to solve the problem of convergence of the nu-
merical solution [7, 8].

Aiming at the problem of low efficiency in the numerical
calculation of nonconservative ideal hydrodynamics

equations, this paper discretizes the values by using parallel
calculation algorithm; that is, it is transformed into the GRP
format and unstructured grid storage method. The combi-
nation of interpolation and reconstruction is used to ensure
that the accuracy of the space is improved to the second stage.
The calculation of the above format is completed on several
values in the GRP format of the equation system by using the
multifluid grid parallel calculation algorithm. Finally, this
article shows, through the example analysis, the accuracy and
practicability of the calculation method of the text.

2. Parallel Computing Method

There is a multi-index calculation system composed of n
calculated objects u,u,,...,u, and m indicators
X Xgs oo s X3 X5 = X (X)) (= 1,2,...,myj = 1,2,...,m)is
the calculated data matrix (decision matrix) of the observed
value of the calculated object u; on the indicator x;, which
can be expressed as [9]


mailto:201601015235@stu.zjsru.edu.cn
https://orcid.org/0000-0001-6120-948X
https://orcid.org/0000-0001-7456-7155
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5118005

X1 X2 ot Xim

Xo1 Xpp vt Xy

A= [55]r- N

Xnl Xu2 0 Xpm

Among them, m, n> 3. The data in A are the normalized
data after preprocessing.

Parallel computing method process is described in this
article as general transformation.

¥i = f (x> %5 > X), i €N. (2)

Among them, f is the positive transformation function,
y; is the comprehensive calculated value of the calculated
object u;, and u,,u,,...,u, is sorted according to the
V1> ¥2» - - -»> ¥, value from large to small to complete the
comparison of the advantages and disadvantages of
U, Uy .5 Uy,

Hypothesis 1. Any calculated object has the dual goal of
“opening up the gap between competitors” and “developing
its own special warfare” and comprehensively highlights its
parallelism.

Hypothesis 1 is a quantitative description of the idea of
autonomous parallel computing.

Definition 1. Set a;; and f3;;, respectively, as the amount of
column parallelism and row parallelism of the calculated
objectu; (i € N) on the indicator x; (j € M), and they satisty

1
(xijz _IZ(xij_xkj)> iGN,jGM,kEN,
n k#i
(3)
1 . .
Bij=—— (xij_ip)’ i€N,jeM,pe M.
m=1 55

If Xj = po; + Py, i €N, jeM, is used, then A;; is
called the autonomous parallel amount of the calculated
object u; (i € N) with respect to the indicator x;(j € M),
where g is the competitive target coefficient, # is the de-
velopment target coeflicient, y, 7 € [0,1], and p + 7 = 1.

The column parallel quantity «;; (i € N, j € M) reflects
the strength difference between the jth index of the calcu-
lated object u; and the overall n — 1 counted objects, and the
row parallel quantity f3;; reflects the overall jth index of the
calculated object u; and other m — 1 items.

2.1. Parallelization of Boundary Conditions and Residual
Value Calculation. In order to make the parallel processing
meet the GRP calculation of boundary conditions and re-
siduals, it is necessary to enable the GRP algorithm to carry
out parallel operation and obtain the corresponding data
kernel thread on GRP according to the boundary conditions
and residual operator kernel function [12]. The code written
on GRP can be parallelized and calculated to realize the
upper boundary conditions of GRP and the kernel
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corresponding to the residual value operator function. At the
same time, the loop body in each function corresponds to the
thread corresponding to the kernel on the GRP (Figure 1).

2.2. Parallel Solving of Linear Systems. Through the nu-
merical analysis of the GRP scheme for nonconservative
ideal hydrodynamics equations and the particle swarm
optimization in the search space, the GRP scheme for
nonconservative ideal hydrodynamics equations is com-
posed of several numerical calculation components, which
are parallelized by the multifluid grid parallel computing
method. Therefore, the GRP format of nonconservative
ideal fluid mechanics equations is used to define several
numerical calculations using diversity and accuracy.
Comprehensive evaluation is used to complete the non-
conservative ideal fluid mechanics equations’ GRP format.
Several numerical calculation options are passed in the
nonconservative ideal fluid mechanics equations. The
analysis results of different numerical calculations in the
GRP format group are mainly obtained by multifluid grid
parallel calculation by forming a group of particles in the
search space of nonconservative ideal fluid mechanics
equations. This uses a multifluid grid parallel calculation
method to parallelize it, and the repeated calculation
process is as follows [13]:

(1) Parallel solution (4) as the initial solution for

postintegration.
(2) Calculate several inner iterative steps to solve AQ?(k),
and get
DAQ?(k) T Z LU(AQ?](K_I)) = —R? (l <k< kmax)-
jeN (i)
(5)

(3) Set the final interpretation of the nth time step to be
the solution of the final integration.

AQ! = Q! ), (6)

The calculation results are used in some numerical
calculations of the GRP format of the nonconservative ideal
fluid mechanics equations, and some numerical calculations
and analyses of the GRP format of the nonconservative ideal
fluid mechanics equations are obtained [14].

2.3. Ways to Improve Parallel Efficiency. The small units of
GRP multiline processes and GRP threads are operated. If
the threads are in a thread wave, then the branch flows are
operated in the serial form. As a result, operating effi-
ciency is reduced. Because the number of each direction
controller in the calculation space and the number of faces
and the size of the thread speed are not equal, first, cal-
culate whether it is within its range. It can be seen that the
branch flow is more prominent in the structural network
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Figure 1: The boundary condition calculation thread mapping
process.

[15]. In this article, the unstructured grid method is used
to store the multidimensional calculation units (control
volume, surface, and node) of the structured grid into one
dimension, and the unit needs to be expanded at the end
to avoid the branch flow, as shown in Figure 2. The
number of extended units cannot exceed the size of the
maximum thread speed. In this way, the number of branch
flows can be zero. For unstructured grids, only extension
units are added.

3. Numerical Method of the GRP Scheme for
Solving Nonconservative
Hyperbolic Equations

This paper takes a one-dimensional problem as an example
to propose two types of new numerical methods based on
nonconservative ideal fluid mechanics for solving non-
conservative equations of GRP schemes and introduces the
existing GRP schemes for solving equations.

Consider the uniform spatial grid division with the
step length of Ax, the time step length is denoted as Ax,
and the approximate value ¢, of the unknown function at
the center point of the grid I; = [x;_(12), X, (1] at the time
of known x; is assumed to be W,, and the unknown
function needs to be calculated at the time of t,,; ap-
proximate value.

Method 1. Let W = [p, pu, pe]”; the equation group of the
GRP format can be equivalently written as

ow oW
— —_— 7
5 +A(W) o 0. (7)

Here,

3
Structural grid unit One-dimensional cell list Thread
OD Thread 0
T Thread 1
2] Thread 2
\L Thread i
— Thread n
Rd
Expansion unit —
[m] Thread m
FIGUure 2: Thread mapping of structural grid unit calculation.
0 1 0
AW)=| <v* 2u y-1|. (8)
—yeu ye u
The characteristic value of A(W) is
M=u-g¢
M =u, (9)
V=u+ec

Among them, the speed of sound ¢ = +/(yp)/p; the
corresponding matrix R(W) composed of eigenvectors in the
right column and the matrix L(W) composed of eigenvectors
in the left row are, respectively,

RW)=|lu-cu u+c|,

L ye 0 vye
M u 1 1 7
2c  2c 2ye (10)
1
LW)y=| 1 0 —|
ye
u 1 1
L 2¢ 2¢c 2vye ]

The main steps of Method 1 are as follows:

(1) Calculate Ri+(1/2) = R(Wi+(1/2)) and Li+(1/2) =L
(Wi, 1)) by formula (12); among them, W, 4/,) =
W+ W, )/2

(2) Let v; =L, )Wy, j=i-2,...,i+3, regard v; as
the grid average of a certain function v, use the 5th-
order WENO reconstruction technique to recon-
struct the approximate value 77, ,, of the function



on the ith grid boundary, and then inversely
transform it to the physical space; that is,
Wf+(1/2) = R:+(1/2)"z+(1/2)

(3) Calculate A;=A(W;) by formula (10), and let

= A, + o;], where [ is a 3 x 3 identity matrix and

06 = MaX;q<3,i- 2<]<1+3|)Ll|

(4) Let b* = A" (W;r (112) W;_r-(r/z)) form a semi-
discrete format (dW; (¢)/dt) = —(1/Ax) (b + b;)

(5) Use the third-order TVD Runge-Kutta method to
solve the semidiscrete problem and advance one time

step
Traditional algorithm:
W =[p, pu, pel’,
Q=10,0,u", (11)

F(W) = [pu, pu’ + p, peu]T.

Then, the GRP format of the equation group can be
expressed in a form similar to (7):

oW OF(W)  0Q

T (12)
The Jacobian matrix of flux F (W) is
1 1 0
A(W):agx/)z -’ 2u y=1|. (13)
—eu e u
The characteristic value of A(W) is
XI =u-=2,
T=u, (14)
X =ute

Among them, € = /p/p; the corresponding matrix R (W)
composed of eigenvectors in the right column and the matrix
L (W) composed of eigenvectors in the left row are, respectively,

r1 1 1

RW)=|u-¢uu+c|,

L e 0 e
r u 1 17
2% 2 2e (15)
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The main steps of the traditional algorithm are as
follows:

(1) Calculated by formula (18), R, () =RWy 1)
and Li, (1 = L(Wz+ 1/2)); among them Wiian) =

(W, + W, )12

(2) Local feature decomposition, that is, let
Vj = Li+(1/2)Wj and Gj = Li+(1/2)F(Wj)’ j=i-
2,...,1+3.

(3) The local Lax-Friedrichs flow function is split; that
is, let G =G;+ oV, j=i=1,...,i+3. Here

&; = MaX; g3 2<]<;+3|AJ|
(4) Make v; =G}, j=i—2,...,i+3, regard v; as the
grid average Value of a certaln function v, use the
5th-order  WENO reconstruction techmque to
reconstruct the approximate value v, of the
funct10n on the ith grid boundary, and make

G1+(1/2) =7V, (12> and then inversely transform it

into the Ehysrcal space. That i,
Fiap = R1+(1/2)G1+ ijp)- Similar use of G;(j=i-
2,...,i+3) representations can be regarded as

F, (1) representations.

(5) Due to u; (j=1i-2,...,i+3), reconstruct the ap-
proximate value on the ith grid boundary using the
5th-order WENO reconstruction technique #;, (;,;
then, Q,+(1,2) 0,0, 7, 1,2)]T.

(6) Make F1+(1/2) F1+(1/2) + Fl+(1/2), and the semi-
discrete format

dw . (t) 1 = - _ ~
dl,‘ = TAx [Fi+(1/2) —Fiqp+ Pi(Qi+(1/2) - Qi—(l/z))]'

(16)

(7) Use the third-order TVD Runge-Kutta method to
solve the semidiscrete problem and advance one time
step.

Direct discretion of nonconservative systems will lead to
incorrect shock wave velocity and false jumps through shock
wave propagation. For this reason, this paper uses viscous
perturbation technology to add a correction term to the right
end of the GRP format (9) and (14) of the equation system.
Then, the above two methods are used to solve; that is,
Method 1 is used to solve the GRP format of the equation

group.

oW oW At

= A(W) D. (17)

The GRP format of equations is solved with traditional
algorithms.

ow BF(W)

aQ At
= 18
o ox P2l (18)

Among them,
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0

[pu,ua; + (y — Du, (pe)a,/c]
(2(At/Ax)) — pu,u,

Here, a, =|lu+c|+|u—c|, a,=|u+c|—|u—c|, and
time derivative term u, = -uu,— (y—1)(pe),/p. The
spatial derivative term is approximated by the central
difference quotient. D used in this paper is similar to that
in [6], which is derived from the first-order upwind style,
but from the numerical experiments in the next section, it
can be seen that it can also be used for the above two types
of nonconservative ideals.

In order to compare with the above two new numerical
methods mentioned in this article, this article also intro-
duces the GRP format mentioned in [5].

GRP format: the definition matrix

signA (W) = R(W) (signA)L (W). (20)
The diagonal elements of the diagonal matrix signA are
s 0,

M=0,1=1,23, (21)
-1, AM<o.

la
sign/\l =40,

The main steps to solve the GRP scheme of the non-
conservative system of equations are as follows:

(1) Calculated by formula (12), R(W;, () and
L(W, (1)) Calculated by formula (11), A(W . (1/2))-
The eigenvalues of A', A%, and A” are calculated from
equations (20) and (21). signA;, ), = signA
(Wi (1/2))> which protects W, ;) = (W; + W,,,)/2.

(2) Calculate’ Fy () = (Fiy—  F,/Ax) + (p; + p;y1/2)
(Q;41 — Q/Ax). The expressions of F and Q here are
shown in equation (15).

(3) By Wil =W, — (At/2) [(I - signA,, (1/2))
Fi+(1/2) + (I+ signAi_(l/z))Fi_(l,z)], advance a time
step to get the approximate value of ¢,,, to time
wi,

4. Test and Result Analysis

In this section, through numerical tests, the numerical
methods of the above three nonpreserved equations in the
GRP form and the nonconservative ideal fluid mechanics in
the GRP form of solution equation (4) are tested and
compared.

Example 1 (Sod’s Riemann problem). The initial conditions
are

(1,0,1), for x < 0.5,

s U, p) = 22
2 <](0.125,0,0.1), for x > 0.5. (22)

When both sides of the equation meet the boundary
conditions of the emergency tributary, in the examples cited
in this article, they are all set to be y=1.5. First, divide the
interval [0, 1] into 400 grids, and use nonideal fluid dy-
namics to solve the nonconservative ideal fluid dynamics
equations in turn. Use the algorithm cited in this article to
parallelize it, and then divide it into 1200 grids at equal
intervals of [10, 1] = division, mainly in the way of multifluid
grid parallel computing to solve the GRP format operation
time. It is basically consistent with the method used and then
carried out according to the 400 grids to obtain the calcu-
lation time. The calculation time needs t=0.16. The nu-
merical calculation results that can be obtained by this
calculation can be referred to in Figure 3. The corresponding
shock wave in the figure needs to use a proportion of about 3.
This problem has a certain shock wave strength. It can be
seen from Figure 3 that reasonable numerical results can be
obtained using the algorithm in this paper. The shock wave
density value obtained in the GRP format is slightly larger
than the true value.

Example 2 (Lax’s Riemann problem). The initial conditions
are

(0.445,0.698,3.528), forx<0.5,

U, p) = 23
(p16:P) { (0.5,0,0.571), forx>0.5. (€5

Both sides of the equation divide the [0, 1] interval into 400
grids under emergency tributary boundary conditions, and
nonideal fluid mechanics is used in turn. It can be solved by
using the parallel calculation method of multifluid grids. Then,
in 1200, solve (8) in the GRP format on the subgrid. The shock
wave left and right pressure ratio is about 4.5; this problem has
a strong shock wave intensity. The optimal numerical results
are obtained by parallel calculation using nonconservative
ideal hydrodynamics. The multifluid grid parallel calculation
method solves the nonconservative ideal fluid mechanics
equations in the GRP form, and the numerical results are
relatively close. Compared with the GRP format of the
nonconservative ideal fluid dynamics solution to the non-
conservative ideal fluid dynamics equation, the calculation of
the shock wave is slightly inferior, and the numerical result
obtained by the GRP format is viscous, and the density value
on the left side of the shock wave has a larger error.

Under adiabatic conditions, the preserved form of the
quadratic compressibility ideal fluid mechanics equation
group in the GRP form is
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(c)

(d)

FIGURE 3: Sod’s Riemann problem. (a) N =400, the numerical results of the nonconservative ideal fluid dynamics equation in GRP form (4)
are solved by nonconservative ideal fluid dynamics. (b) N=400, Method 1 is the numerical result of solving nonconservative ideal hy-
drodynamic equations in the GRP form. (c) N =400, the traditional algorithm solves the numerical results of the nonconservative ideal fluid
mechanics equations in the GRP form. (d) N = 1200, numerical results of nonconservative ideal hydrodynamic equations in the GRP form.

[9p, 0(pw) O(pv) _

03
ot Ox oy

0 (pu) . a(puZ) N 0 (puv) . a_p _
ot Oox oy 0x

] (24)

3(pu)  dpur) p7) 3p _
ot 0x oy 0y

0)

0)

9(pE) O((pE + p)u)  O((pE + p)v) _
o T e T a8y 0

Among them, E=e+ (u”>+v*/2), e= (p/(y-1)p).
Here, u and v represent the velocity components of the fluid
along the work axis and F-axis, respectively, and the other
quantities have the same meaning as above. GRP format (24)
of the system of equations is written in the nonconservative
form as

(0p O(pu) 9(pv) _
o ox oy =0

a(pu) . a(puZ) . 3 (puv) . op _
ot 0x dy Ox
) (25)
2
d(pw) dpuv) Apv’) 9p
ot Ox oy Oy

O)

:O’

d(pe) . 9 (peu) . 9 (pev) . (B_u+ Bv) o

ot ox oy ox Oy

According to the above two examples of one-dimen-
sional operations, the optimal solution cannot be obtained
by solving the nonconservative ideal hydrodynamic equa-
tion. Conserved ideal fluid mechanics equation GRP format
(24) wuses traditional algorithms to solve nonpreserved
equation GRP format (25) and displays the numerical
results.
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~~~~~~ Traditional algorithm
—— Algorithm

()

812 points

— 1612 points

(®)

F1GURE 4: Two-dimensional periodic vortex problem. (a) 81 uniform grid, x = 5, and the solid line represents the true solution of the density.
(b) The error of the density obtained by the traditional algorithm on the consistent grid of 81> and 161% and x=5.

Density at time t=0.8

Density at time t=0.8

0.2 0.4 0.6 0.8 1
(b)

FiGUure 5: Two-dimensional Riemann problem. (a) Use WENO5 to solve the density contours of GRP format (24) of the conservative
equations. (b) The traditional algorithm solves the contour value with density of 20.

Example 3. The initial conditions for the two-dimensional
periodic eddy current problem are

2
(y=1) ;_p
T(x,y):l—eszj_[—zel ,
S(X, y) =1,
‘ (y-5) 2
_,_ U~ (1-r2)2
u(x,y)=1 o= e ,
1 S(x - 5) (l—rz)ll
‘ vix,y) =1 . e .

Among them, (x,y) € Q: ={(x,»)|0<x, y<10}. The
corresponding directions of x and y all meet the periodic
boundary conditions, r? = (x - 5)% + (y- 5)%, and ¢ rep-
resents the strength of the vortex. T represents the absolute

temperature, S represents the thermodynamic entropy, and
they satisty T'=P/p and S = P/p". This paper assumes e =5 at
81 x 81 which is solved using a multifluid grid parallel
computing algorithm. When #=10 and x=5, the density
will slightly change along the Y-axis direction, as shown in
Figure 4(a). Refine the grid to 161 x 161, and use the tra-
ditional algorithm to solve (25). The overall error of density
along the Y-axis is shown in Figure 4(b). It can be seen from
the figure that the traditional algorithm has the same high
accuracy as the nonconservative ideal fluid mechanics at
the extreme point, but the viscosity correction term added
in this paper causes a certain error. Figure 4(b) shows that
the error will increase with the density of the grid and
reduce.

Example 4. Regarding the two-dimensional Riemann
problem (refer to [7]), the initial conditions are
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p\" [ (15,0,1.5), 0.8<x<1,0.8<y<]1,
(0.5323,1.206,0,0.3), 0<x<0.8,0.8<y<1, 27)
v - (0.138,1.206,1.206,0.029), 0<x<0.8, 0.8<y<0.8,
p (0.5323,0, 1.206,0.3), 0.8<x<1,0<y<0.8.

Here, (x,y) € Q: ={(x,y)[0<x<1,0< y<1} x, y. The
direction adopts tight tributary boundary conditions, which
is the problem of a more complicated flow structure caused
by shock wave interaction. Solve by nonideal fluid dynamics
(24) on a uniform spatial grid of 200 x 200, use the tradi-
tional algorithm to solve (25), and calculate the density
distribution at time = 0.8 with reference to Figure 5. It can
be seen from the figure that the two results are basically the
same.

5. Conclusions

This paper proposes a numerical method for solving the GRP
scheme of the nonconservative ideal fluid mechanics
equations. This numerical calculation method can show that
several numerical calculation methods of the GRP scheme of
the nonconservative ideal fluid mechanics equations can
effectively calculate the values. The method is stable in
operation. When the amount of calculation is required, it has
no direct relationship with the calculation method used.
Finally, an example analysis shows that the method has high
calculation efficiency, good accuracy, and certain use value.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] B. Biswas and H. Kumar, “Entropy stable discontinuous
galerkin schemes for the relativistic hydrodynamic equa-
tions,” Journal of Physics G Nuclear Physics, vol. 17, no. 3,
pp. 817-826, 2019.

[2] M. H. Moghaddam, B. Azadegan, A. F. Kord, and
W. M. Alberico, “Non-relativistic approximate numerical
ideal-magneto-hydrodynamics of (1+ 1d) transverse flow in
bjorken scenario,” European Physical Journal C, vol. 78, no. 3,
pp. 123-136, 2018.

[3] H. Liu, “Simulating electrohydrodynamics with smoothed
particle hydrodynamics based on a charge-conservative ap-
proach,” Engineering Analysis with Boundary Elements,
vol. 124, no. 11, pp. 551-576, 2020.

[4] A. Aguayo-Ortiz, S. Mendoza, D. Olvera, and 1. Puebla, “A
direct primitive variable recovery scheme for hyperbolic
conservative equations: the case of relativistic hydrodynam-
ics,” PLoS One, vol. 13, no. 4, pp. 272-279, 2018.

[5] N. Sugiyama, “Numerical calculations of cmb anisotropies,”
Journal of Geophysical Research Space Physics, vol. 58, no. 6,
pp. 67-78, 2017.

[6] J. Duan and H. Tang, “Entropy stable adaptive moving mesh
schemes for 2d and 3d special relativistic hydrodynamics,”
Journal of Mathematical Physics, vol. 18, no. 9, pp. 92-104,
2020.

[7] K. Wu and H. Tang, “A direct eulerian grp scheme for
spherically symmetric general relativistic hydrodynamics,”
Siam Journal on Scientific Computing, vol. 74, no. 11,
pp. 32-43, 2016.

[8] R. Abgrall and S. Tokareva, “Staggered grid residual distri-
bution scheme for lagrangian hydrodynamics,” Siam Journal
on Scientific Computing, vol. 39, no. 5, pp. 2317-2344, 2016.

[9] D. Haibin, D. Gao, and G. Alregib, “Developing a seismic
texture analysis neural network for machine-aided seismic
pattern recognition and classification,” Geophysical Journal
International, vol. 218, no. 2, pp. 1262-1275, 2019.

[10] J. R. Cavalcanti, D. D. Motta-Marques, and C. R. Fragoso
Junior, “A conservative finite volume scheme with time-ac-
curate local time stepping for scalar transport on unstructured
grids,” Advances in Water Resources, vol. 86, pp. 217-230,
2015.

[11] J. Wang and W. Yushun, “Numerical analysis of a new
conservative scheme for the coupled nonlinear schrodinger
equations,” International Journal of Computer Mathematics,
vol. 95, no. 5-8, p. 1583, 2018.

[12] X. Yang, Q. Zhang, and L. Hao, “Numerical investigation of
fluid mud motion using a three-dimensional hydrodynamic
and two-dimensional fluid mud coupling model,” Ocean
Dynamics, vol. 65, no. 3, pp. 449-461, 2015.

[13] L. Suja-Thauvin, J. R. Krokstad, and E. E. Bachynski, “Critical
assessment of non-linear hydrodynamic load models for a
fully flexible monopile offshore wind turbine,” Ocean Engi-
neering, vol. 164, pp. 87-104, 2018.

[14] Y. He and H. Zhao, “Conservative particle weighting scheme
for particle collision in gas-solid flows — sciencedirect,” In-
ternational Journal of Multiphase Flow, vol. 83, pp. 12-26,
2016.

[15] Z. Xing, L. Wen, and H. Xiao, “A fourth-order conservative
difference scheme for the riesz space-fractional sine-gordon
equations and its fast implementation,” Applied Numerical
Mathematics, vol. 159, pp. 221-238, 2021.





