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THERMAL FLUCTUATIONS IN FLUIDS
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at constant pressure:



Example: temperature evolution equation
(at constant pressure)

p
Tc T
t

        
v Q T    Q Q

0 Q
“Fluctuating” heat equation

Linear phenomenological laws 
are valid only “on average”:
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Fluctuating Hydrodynamics
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Thermal fluctuations in equilibrium
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Fluctuation-dissipation theorem:
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Thermal fluctuations in a temperature gradient
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α is thermal expansion coefficient
ν is kinematic viscosity
a = λ/ρcp is thermal diffusivity
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Fluid in temperature gradient
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Fluctuating heat equation:

Fluctuating Navier-Stokes equation at constant pressure:

Coupling between heat mode and viscous mode through T0



Assumption: local equilibrium for noise correlations
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Fluids in a temperature gradient
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Bragg-Williams condition
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Toluene
q=2255 cm–1, T=220 K/cm
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Thermal fluctuations in a binary fluid

In liquids:>a D

Lewis number
Le=a/D

Decay rate of viscous fluctuations q2

Decay rate of thermal fluctuations aq2

Decay rate of concentration fluctuations Dq2



Fluid mixtures in a concentration gradient
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δJ is fluctuating mass-diffusion flux

Coupling between concentration mode and viscous mode through c0
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NONEQUILIBRIUM CONCENTRATION FLUCTUATIONS

EFFECT OF GRAVITY
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Thermal fluctuations in a temperature gradient
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α is thermal expansion coefficient
ν is kinematic viscosity
a = λ/ρcp is thermal diffusivity
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Thermal fluctuations in a temperature gradient:
Heated from below
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α is thermal expansion coefficient
ν is kinematic viscosity
a = λ/ρcp is thermal diffusivity

T1 <T2

(positive)



Shadowgraphy
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Thermal fluctuations in a temperature gradient:
Heated from above
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α is thermal expansion coefficient
ν is kinematic viscosity
a = λ/ρcp is thermal diffusivity

T1 > T2

(negative)
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polystyrene-toluene solutions



polystyrene-toluene solution ΔT=17.40 K
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Conclusions
• Validity of non-equilibrium fluctuating 

hydrodynamics has been confirmed experimentally 
by light scattering and shadowgraphy

• Thermal fluctuations exhibit always a strong non-
equilibrium enhancement

• Non-equilibrium fluctuations are always long range 
encompassing the entire system

• Non-equilibrium fluctuations on earth are affected by 
gravity

• Non-equilibrium fluctuations are affected by the 
finite size of the system


