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TOWARDS A BETTER HYDRO FOR DYNAMIC MIX CALCULATIONS

Judith Binstock
Los Alamos National Laboratory

ABSTRACT

A difference equation technique suitable for clean, dy-
namic mix, and turbulence Lagrangian talc ulations is shown.
This new technique is compared to the standard one for
clean one-dimensional calculations of the Nob, Sedov Blast
Wave, and Strong Shock Tube test problems, and for a one-
dimensional tw-phase flow dynamic mix calculation of a
modified Noh problem, all test problems involving shocks.
The new technique is shown to dramatically reduce the noise
in the calculated hydrodynamic quantities of pressure, den-
sity, specific internal energy, and Lagrangian interface veloc-
ity.

1. INTRODUCTION

Il. (’I. KAN (: Al,(:[ll, Arl’loNS
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a = acceleration [) = velocity

P = pressure r = radius of Lagrangizm interfrwr
Q, .4Q = artificial viscosity temls .E = specific internal energy

.4 = area k- = zone volume
m = zone mass t ==time

:;uhscript i = designator of a boundary-centered quantity, ith int erface
subscript i-~ = designator of a zone-centered qmmtii,y, between the (i-1 )~~

.th .and 1 interfaces

Then the basic difference equations am:

(Ii = –~[(f’i+l/z + Qi+l/2 – pi-1/2 – Qi-1/2)~i + (.~Qt+I/z
(1(1)

+ ~Qi-1/~)]/(mi+l/2 + 7%-1/2)

111), = (Lidt (16)

(#)i-1/’l=“!441“ 4Ill–l. ,–1 (1(’)

1’” I’((l”, /1”) (:J(l)



where

and wit h volume. V

en+l/2 = on + (Q)n-1/2(~n+,,,, _ ~n) (2-)
d

.

f)” = rrl/vn, p la+l/2 = rrl/v’’+”2 (~,~)

evaluated from r at the specifird t inlet ?lote that wc have
dropped the zonal s~lhscript i-1/2.

C. Extrapolated Form (P*)

For the mwn-tirne scheme, extrapolated form, we Iwe a different assumption,
namely

pn = prI+l/?
= P* (3)

in the basic Eqs. ( la) through ( le), to aclvancc all quantities frcuu t~ to tm+1, where

P, P++ correspond to Fig. 1, and where P“ is the pressure extrapolated from t.
to t,,+l ~wing Eqs, (4a) -(4e):

E“+l - En G –(p” + p“)(v”+l – v“)/2m (4(1)

p* – p“ = (? - l);@n+’/l/’n+l -. ~“/’v”) (41)

A = 1 – (y – l)pEn/P’b (h

}Pn+l ~ ~11 +
g)”ul,+l – frl) ( hl

4(’ )

I.llt’

;(;(1)



D. Comparison of the Standard and Extrapolated (P”) Forms

is ill the rcplacexnont of P, ~n+~ with P“ for the lattm.

1. Noh Problem (See Appendix A). We see in Fig~ml 3(a) that for ii givml
form of artificial viscosity, munel y the Von Nelunann form, the I’ff.cct of rol)lacillg

tlw standard evaluation of prrssure (P’, P“+]J2 ) with the t“xtrapolate(l val~w (P*)
is to smooth out the noise in the drnsity without shifting the curve up or (Iown.
The solid line is the analytic solution. Similarly in Fig. 3(I)), wc sce th(: si~i]i(~

rfkt, this time with a covarirmt tensor viscosity. ‘This illustrates the kct thfit
the smoothing dlwt cimsed by iq)lacing F’n, P“+ ‘/2 with P* is @ dlle to P*
mimicking [m addition to the nrtlrici[d viscosity. An nrt~~al change in the mrtifit-id
visrosity C; MU;L*Sth calcldatixl rIWVC to shift, as a comparison of Figs. ( 3ii) itll({

(31>) illustrates, F(w similar cmnpitriwms of [mwsurr, .sprcitic illtcrnal Pnm-gy ml(l

vrh)city, sw Figs. ~(n) iuld 4(!)), Figs. !j(a) aml L(h), and F&i, 6(ii ) aml G(l)).

2. Sedov Blast Wave Problem (See Appendix B). W(* mw Iwc the c(nmri-

illlt tt~nsor nrtiticial viscosity only, nll({ ctdclllntc 1~/t~,s,P/ P,s, and p/p,s, all wwslls
11/R.\’, Whf’r(’ ?),\’, P.~c , (J,>, and R!; ;m! tlw wmlytic solutions of velocity, I~rmsllrll,
(h*llsity, r:uli:ls itt t,l](’ sll(jl.k l)ositi(ul. ‘1’lw ~tlml(huvl twrn-timr sollltioll” ( Fig. 7( it))
illl(l tll(’ (’Xtl’il])olWt(’(1 ( 1)* ) wdlltit)li ( Fig. 7( l))) CiUl 1)(’ r(~;ll]mr(vi ( Fig. 7((’ ) ), ?J(Jtt’
tlmt \vll(vl 11/R,$ 1, tlw (“111’v(%isIN)I1l([ ldl go t[lr(?llgll 1 foI” IL ]Itmrf(’(mt(“id(’lllit

t i(~ll. 11(’r(’ il~iLil) tll(’ (’Xt.l’ll~)olilt( ”([ f]* (’;d(”lllittioll Sll I()()t!.l S olltl t 11(’ (“dr!lhlt.1’(! (-l II L’(’

witliolltl slliftil]g it, Ilult(wiaily.

{“i(l)



(iI))

Then if Wr have a mixed zone with two materials in pressure eq~lilil)rium, (1~’siglli~t~(l
hy a and h, se have

W here

Va+vb=v

tiV” + dlfb = dV

Eq(mtims 7 to 9 rim then be nlgcbmicdly manipulate to yield

(lV” Vb
-F= +[; + ~!7!Ta)/m

(8(1)

(86)

( 9(1J

(9b)

( 10(1

(lob

!-)



In Fig. 9 wc sw f, p, hrnixfr (hmixfr = fraction of zone mzss that is the heavier
lnaterial ) as cnlcldat d l~y the t,wo different mrt ho{ls, the standard mc)t.I1o(1 i~Il(l t.]w

extrapolatr(l P* method. ?Jotr that while the stamlard ~.alculaticm contixmes to
1x2 noisy in lnwsurr, the (Difference in hmixfr .as calculntml hy the tw~} nwtho(ls is
relatively small, at least for this simple test problem.

IV. CONCLUSION

The use of tiw P* extrapolation in the even-time hytlm eq~mticms (Iecrraswi the
noise present in the st amkml c(alcu.lat ion, for clean test problems involving shocks.
Extension of this metho(l to the two-pke-llow dynamic mix even-time hy(lro (JqIm-
t ions ,nt inuvs to decrease the noise in I)rt’ssure, clensit y, .aml Lagran.gian interface
v~~locity. For the tw[~phmr flow problem considered here, thers was little stmsi-
tivity of the mix distribution to the nois~’ in the calculation. While the rxnml)lrs
shown here were for a tw~stcp (predictor-corrector) for]n of even -timr Ily(lro, otlwr
(“idcldations with one-step even-time hydro are qllite similar.
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of Eqs. 9’ nnd 10 on page 31S of Ref. 2. Note that we have s~~t their CQ = 1.22
for all zones except the inner one, for which we lwc C’Q = 1.22/3, following ii
rec~Jmlllel~tli\tit~n I)y Ref. 3. The analytic solution KOthe ,Noh problmn can he fmud
in Ref. 4.

APPENDIX B
Spherical Sedov Blast Wave Problem

Initial conditions:

● sphme of radius 1.2 In
● 120 equal-spaced zones, of thickness ,01 m
● density = 1.0 kg/mJ
● specific internal energy of 10”-21 J/kg in outer 118 zones, and 14727.34 J/kg

in inner 2 zones
● velority = 0., all xonc interfaces

Boundary Gmdition:
● outer hmmrh.my velocity = O. at all times

The problem ww run to 1.0 second, using rm analytic y = 5/3 gamma-law
EOS, hy{lxo (rely, for two CWCS:

● covarinnt tcmjor artificial viscosity, st.andd even-time hydro
● cmmrinnt tremor nrtificid viscosity, P* even-time hydro

Discussion:
For thr nmdytic sd~ltion, see Rrf. 5 (problem of an intmsc cxplosim ). For y =

5/3, we IHY1 m vdIIr of A ( M ddhml iu Ref. 5) cqutd to 1.1517, a munkr cnlclllate{l
hy Ref. 6. Wr then srlvcted tlw pr~)(luct of the initial specific intrrlml energy mm!
W)lIUUCof tlw cvntrtil hot spt~t to I)(? A-5, .S() thilt tllc mlnlyt.ic soluti(m WOU1(l go

throllgh ril(lillS = 1 nt tim(” := 1, ill tlll(” Ikl)])rol)rintc Imit)s, l’h wmlytic cllrw*s w(l
~A)t wrrr l~r(~vi(kt(l Iy Rrf. 7,

APPE:NDIX C
Strong Shock Tube Problem

Illitinl coll(liti(ms:

..
1



APPENDIX D
Modified Spherical Noh Problem

hlitial conditions:

● sphere of radius 1.(.) m
● 50 equal-spaced zones, density of 1.0 kg/m3, specific internal energy of 10–21

J/lig, from r=O. to r=O.5 m
● 100 equal-spaced zones, density of 2.0 kg/m3 , specific internal energy of 5.0

x 10-22 J/kg, from r=O.5 m to r=l.O m (Note m~s-matching at material
intmface. )

● velocity = -1.0 m/s, all zones
Boundary Condition:

● outer boum.ky velocity = -1.0 m/s at all times.
The problem was run to 0.6 second, using a tabular 7=5/3 gamma-law EOS,
hydro only, with two-phase-flow dynamic mixing, a ~ewtoniar drag force (with
w Newtonian drag coefficient of 0.44 and a particle diameter of 3000 microns),
for two ctwes:

● covanant tensor artificial viscosity, standard even-time hydro
● covariaut tensor artificial viscosity, F* even-time hydro
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Spherical Noh problem, density, at time = 0.6 second, using
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