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Navier-Stokes Equations
� Continuity equation:

∂ρ

∂t
+ ∇ ··· [ρU ] = 0, (1)

� Momentum balance equation:

∂ρU

∂t
+ ∇ ··· [ρU ⊗ U ] + ∇ ··· [pIII + ΠΠΠ(NS)] = 0, (2)

� Energy balance equation:

∂

∂t
[
1

2
ρU2 + ρ ein] + ∇ ··· [

1

2
ρU2 U + ρ ein U ]

+∇ ··· [(pIII + ΠΠΠ(NS)) ··· U ] + ∇ ··· qqq(NS) = 0, (3)

ΠΠΠ(NS) = −2µ

[
1

2
(∇U + ∇̃U)−

1

3
III (∇ ··· U)

]
︸ ︷︷ ︸

∇̊U

,

qqq(NS) = −κ∇T.

Thermo-mechanically consistent:

• Galilean invariance

• Conservation of angular momentum

• Uniform center of mass motion, etc.,

Recasting Methodology
� The recasting methodology is based on a transformation
technique which is similar in nature to that of Lorentz trans-
formation.
� It involves transforming the fluid velocity field variable
within the standard fluid flow hydrodynamic equations.
� We suggest the following forms of Navier-Stokes equa-
tions based on the mass, thermal and pressure diffusion ef-
fects.

• Mass-diffusion Navier-Stokes:
U → Uv − κm∇ ln ρ

• Thermal-diffusion Navier-Stokes:
U → UT − κT∇ lnT

• Pressure-diffusion Navier-Stokes:
U → Up − κp∇ ln p

� κm, κT and κp are the molecular mass, thermal and pres-
sure diffusivity co-efficients,respectively.

Recasted Navier-Stokes
� Re-casted continuity equation:

∂ρ

∂t
+ ∇ ··· [ρUv ] = κm ∆ρ, (4)

� Re-casted momentum balance equation:

∂ρUv

∂t
+ ∇ ··· [ρUv ⊗ Uv ] + ∇ ···

[
pIII + ΠΠΠ

(RNS)
v

]
−κ2

m∇∆ρ+ κm∇ [∇ ··· (ρUv)] = 0, (5)

ΠΠΠ
(RNS)
v = ΠΠΠv +

κ2
m

ρ
∇ρ⊗∇ρ− κmUv ⊗∇ρ

−κm∇ρ⊗ Uv ,

ΠΠΠv = −2µ∇̊Uv + 2µκm D̃DD ln ρ−
2µ

3
κm∆ ln ρIII.

Comparison with the Korteweg Tensor
� Negative of the full pressure tensor:

T(RNS) =

(
−p −

2

3

κm µ

ρ2
|∇ρ|2 +

2

3

κmµ

ρ
∆ρ

)
III + 2

κm µ

ρ2
∇ρ⊗∇ρ + 2µD (Uv)−

2µ

3
(∇ ··· Uv) III

−
κ2
m

ρ
∇ρ⊗∇ρ − 2

κm µ

ρ
D̃DDρ + κm Uv ⊗∇ρ + κm∇ρ⊗ Uv (6)

� The Korteweg tensor:

T =
(
−p + α0 |∇ρ|2 + α1 ∆ρ

)
III + β (∇ρ⊗∇ρ) + 2µD(U) + λ(∇ ··· U)III (7)

� Re-casted energy balance equation:

∂

∂t

[
1

2
ρU2

v + ρ ein

]
+ ∇ ···

[
1

2
ρU2

v Uv + ρ ein Uv

]
+ ∇ ···

[
(pIII + ΠΠΠv) ··· Uv − κmΠΠΠv ··· ∇ ln ρ

]
+ ∇ ···

[
qqq

(RNS)
v

]
+∇ ···

[
κmNv1 + κ2

mNv2 + κ3
mNv3

]
+ κmNv4 + κ2

mNv5 + κ3
mNv6 = 0, (8)

qqq
(RNS)
v = qqq(NS) − κm ρ ein∇ ln ρ − κm pIII ··· ∇ ln ρ, Nv1 = − (Uv ··· ∇ρ)Uv −

1

2
U2
v ∇ρ,

Nv2 = (Uv ··· ∇ρ)∇ ln ρ +
1

2 ρ
|∇ρ|2 Uv , Nv3 = −

1

2 ρ
|∇ρ|2∇ ln ρ,

Nv4 = ∇ ···
[
ρUv ⊗ Uv + pIII + ΠΠΠ

(RNS)
v

]
··· ∇ ln ρ− Uv ···

[
∇ ln ρ∇ ··· (ρUv) − ∇ (∇ ··· (ρUv))

]
,

Nv5 = (Uv ···∆ρ∇ ln ρ) − (Uv ··· ∇∆ρ) +
1

2

|∇ρ|2

ρ2
∇ ··· (ρUv) , Nv6 = −

1

2 ρ2
|∇ρ|2 ∆ρ.

Linear stability and sound dispersion of recasted Navier-Stokes
� we consider re-casted Navier-Stokes models in a one dimensional flow configuration. A perturbation to the equilibrium
ground state ρ0, T0, p0 = RRRρ0 T0, uv0 = 0 is introduced as follows:

ρ = ρ0 (1 + ρ∗), T = T0 (1 + T ∗), uv0 = u∗v0

√
RRRT0, p = p0 (1 + p∗) with p∗ = ρ∗ + T ∗. (9)

� The dimensionless variables and the corresponding transport coefficients are:

x = Lx∗, t = τ t∗, τ =
L
√
RRRT0

, µ∗ =
µ

Lρ0
√
RRRT0

=
µ

µ0
, κ∗m =

κm ρ0

µ0
, κ∗ =

κ

RRRµ0
. (10)

� The dimensionless inverse of phase
speed and dimensionless spatial damp-
ing coefficient are commonly defined
as:√

5

3

Re[K]

ω
and −

√
5

3

Im[K]

ω
.

� Figure: sound dispersion with κ =
9/4: inverse sound speed (left panel);
damping coefficient (right panel). Solid
line, dotted line and filled circles rep-
resents the results from the re-casted
NS model, the classical NS model and
the experimental results by Meyer &
Sessler (1957), respectively.
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Light Scattering Problem: spontaneous RBS spectra
� The spectrum of the scattered light follows from the knowledge of the gas density fluctuations (the density-density cor-
relation function) and are obtained from the linearized hydrodynamic models. The gas density fluctuations can either arise
spontaneously or they can be created by external optical potentials.

Kn = 0.02, κ = 15/4 &κm = 2/5
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Kn = 0.04, κ = 13/4 &κm = 1/2
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