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A second-order compatible staggered Lagrangian ... - Raphael Loubere

and the second law of thermodynamics requires âˆ‘pâˆˆP(c) .... Here, Ïƒc is the isentropic sound speed, cQ a user-defined parameter (set to 1 in our simulations) and Î“c a material dependent coefficient, which for a Î³ gas law can be defined by. 
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Abstract We develop a general framework to derive and analyze staggered numerical schemes devoted to solve hydrodynamics equations in 2D. In this framework a cell-centered multi-dimensional approximate Riemann solver is used to build a form of artiﬁcial viscosity that leads to a conservative, compatible and thermodynamically consistent scheme. A second order extension in space and time for this scheme is proposed in this work and we prove on numerical examples the validity of this approach. Keywords: Lagrangian hydrodynamics, artiﬁcial viscosity, Riemann solver, second order
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[6, 2]. Extensions to second order in space and time are the main contribution of this paper. Second order in space is obtained through the use of a piecewise linear reconstruction of the velocity ﬁeld inside the force computation. Second order in time is gained thanks to a predictor-corrector scheme. The paper is organized as follows; ﬁrst the compatible Lagrangian formalism is presented (equations, notation and Riemann solver) then the second order extension is introduced, ﬁnaly numerical examples are presented to assess the validity of this approach. 2. Compatible Lagrangian hydrodynamics 2.1. Governing equations. In classical staggered Lagrangian framework [6, 2] one solves hydrodynamics equations written as   d d 1 d ρ ε + P∇ · U = 0, ρ − ∇ · U = 0, ρ U + ∇P = 0, dt ρ dt dt



(1) 2



where ρ is the density, U the velocity and ε the speciﬁc internal energy related to total energy E as E = ε + U2 . The previous system is equipped with a thermodynamics closure (equation of state EOS) providing the pressure P = P(ρ, ε). The ﬁrst two equations express the volume and momentum conservation equations. Volume conservation equation is often referred to as the Geometrical Conservation Law (GCL). The last equations are the trajectory equations dX = U(X(t), t), X(0) = x, (2) dt expressing the Lagrangian motion of any point initially located at position x. 2.2. Notation. We use a staggered discretization (see ﬁgure 1). Position and velocity are deﬁned at grid points while thermodynamical variables are located at cell centers. An unstructured grid consisting of a collection of non-overlapping polygons is considered. Each polygonal cell is assigned a unique index c and denoted Ωc . Each vertex/point of the mesh is assigned a unique index p and we denote C(p) the set of cells sharing a particular vertex p. A polygonal cell is subdivided into a set of subcells; each being uniquely deﬁned by a pair of indices c and p and denoted Ωcp . This subcell is constructed by connecting the cell center of Ωc to the mid-points of cell edges impinging on point p. The union of subcells Ωcp that share a particular vertex p allows to deﬁne the dual cell Ω p related to point p with    Ω p = c∈C(p) Ωcp . Previous notation deﬁnes the primary grid c Ωc and the dual grid p Ω p . Primary cells Ωc and dual cells Ω p volumes are functions of time t. We make the fundamental assumption that the subcells are Lagrangian volumes. Namely the subcell mass mcp is constant in time; knowing initial density ﬁeld ρ0 (X) one introduces the initial mean density in cell c as ρ0c = Ω (0) ρ0 (X)dX/Vc0 , where Vc0 is the volume of cell Ωc at time t = 0. Subcell mass c 0 0 where Vcp is the initial volume of subcell Ωcp . By summation of Lagrangian subcell masses is deﬁned as mcp = ρ0c Vcp one deﬁnes Lagrangian cell/point masses as   mcp , and m p = mcp , (3) mc = p∈P(c)



c∈C(p)



where P(c) is the set of counterclockwise ordered vertices of cell c. 2.3. Compatible discretization. Following [6, 2] the momentum equation is semi-discretized in space over the dual cell Ω p mp



 d Up + Fcp = 0, dt c∈C(p)



(4)
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Figure 1: Left: Polygonal cell Ωc subdivided into subcells Ωcp . Points (subscript p) are counterclockwise ordered p− , p, p+ . Outward unit normals − + − , L+ . Corner vector: L N − + of internal subcell boundaries: N−cp , N+cp . Internal edge lengths: Lcp cp cp = −Lcp N cp − Lcp N cp . Right: Notation used in cp the cell-centered Riemann solver. Two pressures per subcell are introduced at the cell center: Π+cp , Π−cp . They are related to geometrical vectors + N + , L− N − . Then 2 × P(c) pressures are introduced within cell Ω . Lcp c cp cp cp



object called  subcell force from cell c that acts on point p and is deﬁned as Fcp = where Fcp is a fundamental  PNdl, so that F = PNdl. Total momentum conservation (away from boundaries) is given in cp c∈C(p) ∂Ω p (t)∩Ωc (t) ∂Ω p  d its discrete form by p m p U p = 0, however (4) yields dt ⎛ ⎞   ⎜⎜⎜  ⎟⎟⎟ d ⎜⎜⎝⎜− mp U p = Fcp ⎟⎟⎠⎟ = 0. (5) dt p p c∈C(p)



  By switching the sums one ﬁnally exhibits the condition − c p∈P(c) Fcp = 0, and a suﬃcient cell-based condition is  that the subcell forces acting in cell c sum up to zero: p∈P(c) Fcp = 0. A semi-discrete internal energy equation that ensures total energy conservation is then derived. Away from boundary  conditions, we introduce total kinetic energy at time t > 0 as a sum over the dual cells K(t) = p 21 m p U2p (t), and  internal energy as E(t) = c mc εc (t). Total energy is then deﬁned as E(t) = K(t) + E(t). The conservation of total energy (away from boundary conditions) writes d d K + E = 0. dt dt



(6)



The substitution of kinetic and internal energies into (6) recalling that cell/point masses are Lagrangian objects, i.e they not depend on time, produces   d d d d K+ E= mc ε c + mp U p · U p, (7) dt dt dt dt c p which, by substituting the semi-discrete momentum equation (4) yields ⎛ ⎞     ⎜⎜⎜ d  ⎟⎟⎟ d ⎜ ⎜⎜⎝mc εc − mc ε c − Fcp · U p = Fcp · U p ⎟⎟⎟⎠ = 0, dt dt c p c∈C(p) c p∈P(c)



(8)



the middle part of the previous equation is obtained by shifting sums into the work term. A suﬃcient condition for total energy conservation is obtained by requiring the previous equation to hold in each cell c, that is to say:  d Fcp · U p = 0. (9) mc ε c − dt p∈P(c)
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Once the subcell force is known then momentum and internal energy can be updated using equations (4) and (9). Total energy, momentum (and trivially mass) are conserved by construction independently of the subcell force form2 , and that masses are computed as (3). New position of point is updated via the trajectory equation. Since velocity is deﬁned at point p, the GCL is satisﬁed and the volume equation writes    d − + Vc + N−cp + Lcp N+cp · U p = 0, (10) Lcp dt p∈P(c) where Vc is the volume of cell c, The previous discretization is obtained by time diﬀerentiation of Vc , leading to a compatible discrete divergence operator over cell c as 1  Lcp Ncp · U p , (11) (∇ · U)c = Vc p∈P(c) − + N−cp − Lcp N+cp (see ﬁgure 1). Equation (10) is compatible where the unit corner vector is deﬁned by Lcp Ncp = −Lcp d with the discrete version of the trajectory equation (2): dt X p = U p .



2.4. Subcell force deﬁnition via entropy consideration The only remaining unknown is the subcell force Fcp . By manipulating the entropy equation we derive a general form of the subcell force in this section. Using Gibbs formula, the time rate of change of entropy in cell c writes    d d d 1 εc + Pc mc T c S c = m c . (12) dt dt dt ρc Substituting the time rate of change of internal energy (9) and volume leads to    d mc T c S c = Fcp + Pc Lcp Ncp · U p . dt p∈P(c)



(13)



For smooth ﬂow entropy must be conserved, leading to the following subcell force decomposition Fcp = −Pc Lcp Ncp + Fviscous . cp The subtitution into (9) yields



(14)



   d d 1 εc + Pc Fviscous · U p. (15) = cp dt dt ρc p∈C(p)  · U p ≥ 0. Moreover viscous forces must vanish for and the second law of thermodynamics requires p∈P(c) Fviscous cp smooth ﬂows (e.g. rarefaction, isentropic compression). As previously shown momentum conservation requires the  condition p∈P(c) Fcp = 0 which rewrites using (14)     Fcp = −Pc Lcp Ncp + Fviscous = −Pc Lcp Ncp + Fviscous = 0. cp cp mc



p∈P(c)







p∈P(c)



p∈P(c)



p∈P(c)







Recalling that on a closed contour the geometrical relation p∈P(c) Lcp Ncp = 0 holds, we ﬁnally get the condition on subcell viscous forces  Fviscous = 0. (16) cp p∈P(c)



   d d 1 Let’s remark that the Galilean invariance is ensured by this property as equation (15) is equivalent to mc εc + Pc = dt dt ρc    viscous · U p − Uc , where Uc is any constant velocity in cell c. p∈C(p) Fcp 2 providing



that the sum of subcell forces in a cell is zero.
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2.5. Artiﬁcial viscosity and Riemann solver In classical staggered Lagrangian scheme artiﬁcial viscosity is a key point to handle shock wave and steep front. A lot of eﬀort has been deployed since the 50’s and the seminal work of von Neumann [9] to derive a proper artiﬁcial viscosity formulation. The viscosity is thought of as an extra pressure term denoted q. New developments in the 80’s in [10] and late 90’s in [4, 3] have been made but they consider the same basic roots. In this work we consider artiﬁcial viscosity as produced thanks to a cell-centered approximation of a multidimensional Riemann problem. We introduce two pressures per subcell that are located at the cell center, they are called Π−cp , Π+cp . They are related to the unit outward normals N+cp and N−cp respectively (see ﬁgure 1). The subcell force written as a contour volume reads + − N+cp + Π−cp Lcp N−cp . (17) Fcp = Π+cp Lcp Pressures are obtained by solving half-Riemann problems in the normal directions     + − Pc − Π+cp = Zcp Pc − Π−cp = Zcp Uc − U p · N+cp , Uc − U p · N−cp ,



(18)



+ − where Zcp , Zcp are swept mass ﬂuxes (namely the mass seen by a wave travelling with an approximation of the local shock speed), and Uc is the cell-centered velocity which remains to be deﬁned. Using (18) the subcell force is recast into the form     + − N+cp + Lcp N−cp Pc − Mcp Uc − U p , Fcp = Lcp (19)



+ + − − Lcp (N+cp ⊗ N+cp ) + Zcp Lcp (N−cp ⊗ N−cp ), is a 2 × 2 symmetric positive deﬁnite matrix. Consequently the where Mcp = Zcp viscous part of the force simply writes   = −Mcp Uc − U p . Fviscous (20) cp



The cell center velocity is determined by using the previously derived condition (16) together with the deﬁnition of viscous force (20) leading to     −Mcp Uc − U p = 0 ⇐⇒ Mc Uc = Mcp U p , (21) p∈P(c)



p∈P(c)







where Mc = p∈P(c) Mcp . Equation (21) is a 2 × 2 non-linear system which can be solved utilizing an iterative algorithm. The non-linearity comes from the swept mass ﬂuxes, that, following Dukowicz [7, 8], one approximates as     + − = ρc σc + cQ Γc | (Uc − U p ) · N+cp | , Zcp = ρc σc + cQ Γc | (Uc − U p ) · N−cp | . (22) Zcp



Here, σc is the isentropic sound speed, cQ a user-deﬁned parameter (set to 1 in our simulations) and Γc a material dependent coeﬃcient, which for a γ gas law can be deﬁned by ⎧ γ+1 ⎪ ⎪ if (∇ · U)cp < 0, ⎨ 2 Γc = ⎪ (23) ⎪ ⎩0 if (∇ · U)cp ≥ 0,



where (∇ · U)cp = − V1cp Lcp Ncp · (Uc − U p ) is the subcell contribution to the velocity divergence. In case of rarefaction we recover the acoustic approximation whereas in case of shock wave we get a two-shock approximation. Once Uc is known we can compute the subcell force with (19). The entropy inequality is fulﬁlled as matrices Mcp are positive into (15) yields deﬁnite and the substitution of the viscous part of the subcell force Fviscous cp mc







       d d 1 εc + Pc −Mcp Uc − U p · Uc − U p ≥ 0. = dt dt ρc p∈C(p)



(24)



1930



R. Loub`ere et al. / Procedia Computer Science 1 (2010) 1925–1933



6



/ Procedia Computer Science 00 (2010) 1–9



1



1



Exact solution Second order First order



0.9



Exact solution Second order First order



0.9 0.8



0.8



0.7 0.7



x-Velocity



Density



0.6 0.6



0.5



0.5 0.4



0.4 0.3 0.3



0.2



0.2



0.1



0.1



0 0



0.2



0.4



0.6



0.8



1



0



0.2



X



0.4



0.6



0.8



1



X



Figure 2: 1D Sod shock tube problem at t = 0.2 with 100 cells. From left to right: Cell density, x-component of nodal velocity. First order proposed scheme × and second order scheme • vs the exact solution (line).
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Figure 3: Initial skewed mesh used for the Saltzman problem made of 100 × 10 cells.



3. Second order extension Second order extension in space is obtained using an extrapolated velocity inside the subcell force computation. First a piecewise linear reconstruction of the velocity ﬁeld on the dual cells is built:    p (X) = U p + ∇U p · X − X p . (25) U



The construction on the dual grid allows to deﬁne |P(c)| extrapolated velocities at cell-center Xc that are later used in the Riemann solver. The slopes ∇U p are solutions of the least squares problem     2 (26) ∇U p = arg min U p − U p − ∇U p X p − X p , p ∈N(p)



where N(p) is the set of neighbor vertices of vertex p. The previous least squares problem can indeed be recast into a linear system form as ⎛ ⎞ ⎜⎜  ⎟⎟⎟ −1 ⎜ ⎜ ∇U p = M p ⎜⎜⎝ (U p − U p ) ⊗ (X p − X p )⎟⎟⎟⎠ , (27) p ∈N(p)



 where matrix M p is the symmetric positive deﬁnite matrix M p = p ∈N(p) (X p − X p ) ⊗ (X p − X p ). Monotonicity is achieved thanks to the classical Barth Jespersen slope limiter [1]. Then the Riemann problem in its second-order version is solved using the velocity extrapolated from the vertices to the cell center. That is to say equation (21) becomes   p (Xc ). Mcp U (28) Uc = M−1 c p∈P(c)
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Figure 4: Piston problem — Left hand side: Density map and mesh t = 0.6: Exact shock location is x = 4/5, post-shock density is ρ = 4. t = 0.7: Exact shock location is x = 14/15, post-shock density is ρ = 4 t = 0.8: Exact shock location is x = 29/30, post-shock density is ρ = 10. Right hand side: zoom at t = 0.8 (top) and ﬁnal time t = 0.925 (bottom, post-shock density is ρ = 20).



    + −  p (Xc ) . The time discretizaSubcell forces (20) are modiﬁed accordingly. Fcp = Lcp N+cp + Lcp N−cp Pc − Mcp Uc − U tion is performed with a classical two-step predictor-corrector scheme. The full discretization in space and time is presented hereafter. Predictor step.     n n n  1. Compute Unc with the cell-centered Riemann solver: Unc = Mnc −1 Mcp U p (Xc ) ,   n  p∈P(c)n + −  p (Xnc ) . 2. Compute subcell forces: Fncp = Lcp N+cp + Lcp N−cp Pnc − Mncp Unc − U    3. Update internal energy: mc εn+1/2 − εnc − Δt2 p∈P(c) Fncp · Unp = 0. c = Xnp + Δt2 Unp . 4. Update vertex position: Xn+1/2 p mcp n+1/2 mc = V n+1/2 , ρn+1/2 = V n+1/2 . 5. Update volume and density: ρc cp c



= P(ρn+1/2 , εcn+1/2 ). 6. Compute predicted pressures: Pn+1/2 c c



cp



Corrector step.   n+1/2 −1   n+1/2 n+1/2 n+1/2 n+1/2 1. Compute Un+1/2 with the Riemann solver: U = M M (X ) , U c c c p cp p



p∈P(c)     + − n+1/2 n+1/2 + − n+1/2 = L N + L N P − Mn+1/2 −U (Xn+1/2 ) . 2. Compute subcell forces: Fn+1/2 Un+1/2 c cp cp c c cp cp cp cp p
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Shock positions Figure 5: Saltzman problem — Left hand side: Density map and mesh t = 0.6: Exact shock location is x = 4/5, post-shock density is ρ = 4. t = 0.7: Exact shock location is x = 14/15, post-shock density is ρ = 4 t = 0.8: Exact shock location is x = 29/30, post-shock density is ρ = 10, the maximum numerical cell density is around 20. Right hand side: zoom at t = 0.8.



   n n+1/2 3. Update momentum: m p Un+1 = 0. c∈C(p) Fcp p − U p + Δt    n+1/2 n n+1 n = 0, with Un+1/2 = 12 (Un+1 4. Update internal energy: mc εc − εc − Δt p∈P(c) Fcp · Un+1/2 p p p + U p ). 5. Update vertex position: Xn+1 = Xnp + Δt Un+1/2 . p p n+1 c = Vmn+1 , ρcp = 6. Update volume and density: ρn+1 c c



mcp n+1 . Vcp



n+1 = P(ρn+1 7. Compute pressures: Pn+1 c c , εc ),



4. Numerical results The ﬁrst test problem is the classical 1D Sod shock tube. On domain [0, 1] are initialized a left (ρL , uL , pL ) = (1, 0, 1) and right state (ρR , uR , pR ) = (0.125, 0, 0.1) of a perfect gas with γ = 7/5 separated at X = 0.5. Symmetry boundary conditions are considered and the ﬁnal time is t = 0.2. Figure 2 shows the cell-centered density, and nodal x-component of nodal velocity for the ﬁrst order scheme × and the second order scheme • vs the exact solution (line). The improvement gained by the second order extension in space and time is clear. The second test is the 2D Saltzman problem. The computational domain is [0, 1] × [0, 0.1]. Initial conditions are (ρ0 , P0 , U0 ) = (1, 10−6 , 0) for a gamma law gas with γ = 5/3. A piston which velocity is U  = 1 is imposed as a boundary condition at x = 0 (symmetry boundary conditions otherwise). This problem is by nature 1D and an exact solution exists up to t < 1. As a sanity check we veriﬁed that on a 100 × 10 perfect quadrangular mesh aligned with
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the shock direction the proposed scheme perfectly reproduces the 1D symetry, see Figure 4 up to ﬁnal time t = 0.925. The Saltzman problem considers a 100 × 10 square mesh that is skewed as presented in Figure 3 (see [8] for the details to build this mesh). Such a mesh has a tendency to produce numerical vorticity and/or oscillations that may become lethal to Lagrangian schemes. Consequently this problem is a robustness test. Times t = 0.6, 0.7 and t = 0.8 are considered. Results are presented in Figure 5. The results on this robustness test are not totally satisfactory as the mesh tangles soon after t = 0.8. One expects to improve this result by adding some stabilization procedure through the use of subpressure as in [5]. However up to this time the exact shock position and exact density plateaus are quite well reproduced. 5. Conclusion In this work we developed a new family of staggered Lagrangian schemes devoted to solve compressible hydrodynamics equations. This family has been recast into the classical compatible formulation [6, 2]. By using the concept of approximate cell-centered Riemann problem (see [8] and references herein) one develops a new derivation for the artiﬁcial viscosity. Artiﬁcial viscosity concept was previously based on ad hoc techniques [9, 10, 4, 3]. In our new formulation the cornerstone is a subcell-based positive deﬁnite matrix that is acting on the velocity diﬀerence between the subcell associated cell center and node. One example of such a matrix is proposed in this paper. We extended the family to second order in space by using piecewise linear reconstruction of velocity ﬁeld, and, second order in time by a predictor-corrector scheme. We showed that eﬀective second order is gained on the Sod problem and presented only the demanding example of Saltzman piston. In the future we will analytically and numerically study diﬀerent choices of matrix and their link to existing work. Finally the axi-symmetric, 3D and Arbitrary-Lagrangian-Eulerian extensions of this family are planed to be investigated. References [1] T.J. Barth, D.C. Jespersen, The design and application of upwind schemes on unstructured meshes, AIAA Paper 89-0366, 1–12, (1989) [2] A.L. Bauer, D.E. Burton, E.J. Caramana, R. Loub`ere, M.J. Shashkov, P.P. Whalen,, The internal consistency, stability, and accuracy of the discrete, compatible formulation of Lagrangian hydrodynamics, J. Comput. Phys. 218 (2006) 572. [3] J.C. Campbell, M.J. Shashov, A tensor artiﬁcial viscosity using a mimetic ﬁnite diﬀerence algorithm, J. Comput. Phys. 172 (2001) 739. [4] E.J. Caramana, M.J. Shashkov, P.P. Whalen, Formulations of Artiﬁcial Viscosity for Multidimensional Shock Wave Computations, J. Comput. Phys. 144 (1998) 70. [5] E.J. Caramana, M.J. Shashkov, Elimination of artiﬁcial grid distorsion and hourglass–type motions by means of Lagrangian subzonal masses and pressures, J. Comput. Phys. 142 (1998) 521. [6] E.J. Caramana, D.E. Burton, M.J. Shashkov, P. P. Whalen, The construction of compatible hydrodynamics algorithms utilizing conservation of total energy, J. Comput. Phys. 146 (1998) 227. [7] J.K. Dukowicz, A general, non-iterative Riemann solver for Godunov’s method, J. Comput. Phys. 61 (1985) 119. [8] P.-H. Maire, A high-order cell-centered Lagrangian scheme for two-dimensional compressible ﬂuid ﬂows on unstructured mesh, J. Comput. Phys. 228 (2009) 2391 [9] J. Von Neumann, R.D. Rychtmyer, A method for the numerical calculation of hydrodynamic shocks, J. Appl. Phys. 21 (1950) 232. [10] M.L. Wilkins, Use of Artiﬁcial Viscosity in Multidimensional Fluid Dynamic Calculations, J. Comput. Phys. 36 (1980) 281.



























des documents recommandant







[image: alt]





ReALE: A Reconnection Arbitrary-Lagrangian ... - Raphael Loubere 

Sep 21, 2010 - Law (GCL), is equivalent to the local kinematic equation d ..... gamma gas law. ... In cylindrical geometry the simulation is performed on an ac-.










 


[image: alt]





Add-ons to the compatible staggered Lagrangian scheme and other 

Given total energy definition and momentum discretization (Newton's 2nd law) imply energy ..... problem the Cartesian geometrical vectors are modified but this can not fulfill volume ... If the continuum system has no growing solutions, the discretiz










 


[image: alt]





High order accurate direct Arbitrary-Lagrangian ... - Raphael Loubere 

The spatial reference element Te is the unit tetrahedron defined by the vertices Î¾e,1 = (Î¾e,1,Î·e .... the unknown degrees of freedom, also called expansion coefficients, of the reconstruction ...... Horizontal lines: third, fourth and fifth order 










 


[image: alt]





Contact algorithms for cell-centered Lagrangian ... - Raphael Loubere 

Eulerian multimaterial simulations, ECCOMAS 2012) .... Working with a stiffened gas law and an initial pressure p = 0, then p0 = 0 âˆ€t > 0. Let ti be the time at ...










 


[image: alt]





Publications - Raphael Loubere .fr 

The repair paradigm : New algorithms and applications to compressible ... first published online : 27 SEP 2012, DOI : 10.1002/fld.3730. 25. .... R6 â€” R. Loub`ere, First steps into ALE INC (manual of the code) Los Alamos National Laboratory,.










 


[image: alt]





ReALE: A reconnection-based arbitrary ... - Raphael Loubere 

Mar 18, 2010 - lution equation as it is usually done in Godunov based methods. Let us emphasize that there is ...... is a quadratic function of Dt. Thus, for each ...










 


[image: alt]





A New Family of High Order Unstructured MOOD ... - Raphael Loubere 

We focus on the special case of finite volume schemes (N=0) proposed in ... The computational domain o is discretized by conforming elements Ti, where ..... When a MOOD loop embraces an already existing code we have to provide answers ...... In the c










 


[image: alt]





Habilitation Ã  diriger des recherches - Raphael Loubere 

Apr 19, 2006 - prÃ©sentÃ©e en premiÃ¨re version en vu d'obtenir le grade de Docteur ..... This prologue is intended to provide some guide lines in order for the ..... Presentation of the compatbile staggered Lagrangian scheme. 11 .... known and has b










 


[image: alt]





High accurate conservative re - Raphael Loubere .fr 

Numerical results assess that such a method is effective on problems for scalar remapping ... Click here to download Manuscript: 2D_article_HOremap.pdf ... These ALE methods often consider multimaterial mixed cells into which interface ...... 10th IC










 


[image: alt]





Adaptive Subdivision Piecewise Linear Interface ... - Raphael Loubere 

Interface reconstruction techniques in association with VOF dates back to the ...... Equation (9) states that the material centroid is re-initiated as the volume averaged ... implemented into a 2D Eulerian as Lagrange-plus-Remap hydrodynamics code ..










 


[image: alt]





3D Staggered Lagrangian discretization based on cell-centered 

1D Sod shock tube â†’ sanity check. 2D Sedov and Noh problems â†’ recover ... multi-dimensional shock wave computations, J. Comp. Phys. 144 (1998) 70-97.










 


[image: alt]





Compatible genetic and ecological estimates of ... - Raphael Leblois 

population densities that has real value for conservation management. Keywords: ...... stream dwelling salmonid: inferences from tagging and micro- satellite studies. ... Steve is an animal geneticist whose principal focus is mapping disease ...










 


[image: alt]





Adaptive THINC-BVD Section III. Limiting-Free ... - Raphael Loubere 

It is not straightforward to design a non-oscillatory shock capturing schemes. Even for linear polynomial, we need to design TVD limiters. 2. The limiting process ...










 


[image: alt]





A simple robust and accurate a posteriori sub-cell ... - Raphael Loubere 

Apr 3, 2016 - should be strong enough so that the shock transition would become a smooth ...... Here, we run the planar Sod and the classical Lax shock tube ...










 


[image: alt]





A subcell remapping method on staggered 

May 4, 2005 - In numerical simulations of multidimensional fluid flow, the .... A discretization of the gas dynamic equations for the Lagrangian ...... [7] D.E. Burton, Consistent finite-volume discretization of hydrodynamics conservation laws for ..










 


[image: alt]





A subcell remapping method on staggered 

May 4, 2005 - interpolate the Lagrange solution onto the rezoned grid. ...... The initial pressure is 1000.0 in the leftmost tenth of the domain, 100.0 in the .... The material is an ideal gas with c = 1.4 and initially is at rest with an initial den










 


[image: alt]





A discontinuous Galerkin method for Lagrangian hydrodynamics 

3rd order DG for a shock Sod tube problem. 0.23. 0.24. 0.25. 0.26. 0.27. 0.28. 0.29. 0.3. 0.65. 0.7. 0.75. 0.8. 0.85. 0.9 solution. 3rd order. 3rd order limited.










 


[image: alt]





A DG method for Lagrangian hydrodynamics 

3rd order DG for a shock. Sod tube problem: density. 1.6. 1.8. 2. 2.2. 2.4. 2.6. 2.8. 3. 0. 0.1. 0.2. 0.3. 0.4. 0.5. 0.6. 0.7. 0.8. 0.9. 1 solution. 3rd order. 3rd order DG ...










 


[image: alt]





Components Approved as Compatible 

SET-400 & SET-366 Main Canopies ... equipment to the dealer where it was purchased for a full refund. ... any affirmation of the fact or promise with respect to the products except ... Strong Enterprises Owner's Manual. ... All Tandem jumps made on t










 


[image: alt]





A discontinuous Galerkin method for Lagrangian hydrodynamics 

Then, we apply a variational formula- tion, with e i k as the test function, to our equation on that cell, with f(u) is the chosen numerical flux : K. âˆ‘ l=0. âˆ‚tu i l âˆ«Ci.










 


[image: alt]





A DG method for Lagrangian hydrodynamics 

1.2 Numerical flux and L. 2 stability goal: access to the L. 2 norm of our solution and insure stability. Mono-dimensional problems: â€¢ f is integrable and its ...










 


[image: alt]





Components Approved as Compatible 

Dec 1, 2016 - Packing Data Card (any style but must remain with reserve canopy throughout life) ...... Always trim end of line at 45 degree angle. Note!










 


[image: alt]





DT rsync materiel compatible 












 


[image: alt]





Conservative Remapping of Vectors for Staggered ALE 

Symmetry violation: limiting of velocity vector. 3 ... Goal: Find new nodal velocities wËœn â€“ at least deBar condition, ..... dÏ• â€“ discrepancy between velocity angle.










 














×
Report A second-order compatible staggered Lagrangian ... - Raphael Loubere





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



