Fisica della Materia allo
Stato Fluido e di Plasma

Two Fluids, Single Fluid



Single Fluid: momentum equation

Decompose with respect to
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Momentum Eq: write the flux term as
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Single Fluid: Energy equation

Remembering < pBlyu >= p'®) ([;-’i-zz.f) -+ lfk-zz..gs) — (’_;"ib"k) + PZ(,\S)
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The energy termis < 510(."5)1;2 > = §IO(S) (ng- )Ui _ /.rZ) 4 §P(_.s)

While the flux term can be split into two parts:
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Where the two flux terms can be written as:
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Single Fluid: Energy equation

e Summing the two energies gives
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e Summing the fluxes (1° term):
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. Summing the fluxes (2° term):
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* Putting all toghether:
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Single Fluid: Lorentz force in Ohm’s Law

Write

<
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Assuming charge neutrality, ne = np, we invert the previous system giving:
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One can safely neglect the term containing J in ul® when compared to the same
term in u‘®), On the contrary, the \rho U terms are comparable. However, since
these two appear in the combination
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Finally the expressions for the Lorentz force becomes
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Summary of single fluid equations

e Summarizing, the two fluid equations are 15:

o,p+dk(pUyx) =0 (Continuity)
g+ hJy =0 (Charge)

9 (PUs) + O (PUUk + Py) = qEi+ L (i’ x B’) | (Momentum)
0 (3pU?+32P) + 0 [(3pU+2P) Uy + NyUi + G + Sk, ] =0 (Energy)
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%B,E =—-VxE (Faraday)
1 g = 47[ =g
-E=VxB——J (Maxwell — Ampere)
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e The number of unknownsis21: P, P,gq,U,J, E, B, H,q

* Closure must be found to express Il, § interms of macroscopic
guantities.



