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B Finite volume discretization:

() UNDERRESOLVED DETONATIONS

e On the dual grid, pp. and ué’) = Up p, are interpolated as
(Trung, 2012):

INTRODUCTION

B Objective: advance chemistry locally, pointwise instead of cellwise
using a local reconstruction of the temperature. One dimensional

B Simulating hydrogen-oxygen explosions in ISIS/P2REMICS code:
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Common Staggered Finite-Volume Mesh
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B The Zeldovich-von Neumann-Doring (ZND) model for detonation:

e Steady 1D combustion wave: inert shock wave + chemical reaction
(1) with finite rate

e Self-sustained: shock wave brings reactants to ignition while ex-
pansion of products (2) drives shock forward

ceE(K)

Dual grid fluxes F, . calculated such that a mass balance holds on
the dual grid as well (Ansanay-Alex—Babik—Latche—Vola, 2010):
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nY={KeM: KNL#0, LeT, L+#K}intended for the
extrapolation of the solution inside 7.

(3) Estimate shock position using Harten's Subcell Resolution tech-
nique : solve for x4 the non-linear integral equation
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with [Xl, XQ] = UxkerTK and wx = px k.

i - : . . 4) Define in every transition cells Gauss-Lobatto integration
e Discrete pressure gradient defined such that a discrete duality () y 9

State (B) _ nodes ; in the cell splited by the discontinuity, two distinct sten-
p / P property holds: cils are used.
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.| ‘ e Second order interpolation : p,, e, are computed using MUSCL s at each integration node.
X interpolation with a limitation procedure such that contact waves (7) Update mass fraction cell average for K € 7T using Gauss-
products (2) (1) reactants

are preserved (Therme, 2015) Lobatto quadrature.
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ZND states on pressure profile ZND states on Hugoniot curves

B Unimolecular reaction of a perfect gas with reaction rate defined | o —
by Arrhenius law: e Sk defined to compensate the source term appearing in the fol- : : : :
R p _E, lowing discrete kinetic energy balance (Therme, 2015)
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NUMERICAL RESULTS

1D Test: CJ detonation on 2 = [0, 30] with Arrhenius law,
o = 25, kg = 164180, E4 = 25.
Problem 2 of (Helzel-LeVeque—Warnecke, 2000).

Orp 4 div(pu) =0

Or(pu) +div(pu @ u) +Vp=0

Or(pE) + div(pEu) +div(pu) =0
Or(py) +div(pyu) = —pyk(T)

FINITE VOLUME SCHEME

Mass fraction after hydrodynamic step and cell-wise
(blue) vs point-wise (green) chemistry step in T

B Staggered Finite Volume meshes:

B CJ detonation with Ky = 164180: reference (red line), standard

B Pressure and mass fraction at t = 2:

K p scheme (green line), SR correction (blue line)
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e Primal grid: px, pk. €x, yx VK € M o =52x 1071 Ko =5.8x10° E4=0.12. Position
e Dual grid: ug()f — 5é/), 1<i<d Problem 5.1 of (Bao—Jin, 2000). -
B Explicit scheme: B Total chemical energy released at t = 1.6 x 107" S 24
— - __ . .
(1) Hydrodynamic step (continuity, mass fraction, internal energy) E 18| ﬁW
ok = Pl — ot dive(p"u") ©
> 12
1 | d
V' == lokyi — ot divi(p"u"y")] a6
Pk \
O ‘ ‘ ‘ ‘ |
1 . . 1 t 0 5 10 15 20 25 30
1 _
ept = PR orer — ot(div(e"p"u") + pi divie(u") + WS',‘() bosition
30
(2) Chemistry step
Vi = 70 exp(—K(pl /o )6t) S J
18|
(3) Equation of state %
P = (y — Dl (el — goyl § 12}
4
& 60
(4) Hydrodynamic step (momentum)
u O — ,,1+1 [%gu(/);’ _ 5t (diVDa(pngnuw) (Y pn+1)g>)} 0 5 10 15 20 25 30
PD, Position




