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Theory



Particle agitation and conductivity

“granular temperature”
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fluctuation velocity u’,

fluctuation kinetic energy per grain mass

Jenkins, Savage, Lun, others

(CMOM



Particle agitation and conductivity
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“granular temperature”
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Predictions of the kinetic theory
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Self-diffusivity D, =

diameter d, solid volume fraction v, density p,, specific heat c_, pair correlation g,,




Mixture (static) conductivity

Maxwell model (1873)
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solid volume fraction v, solid conductivity k, gas conductivity K,
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Heat exchange
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solid volume fraction v, number density n, diameter d and surface area A,
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Heat transfer in agitated suspensions
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Heat transfer in agitated suspensions

Boundary conditions
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Governing equations
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Heat transfer in agitated suspensions
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Diffusion and Exchange limits
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Complications



Role of ordering and oscillations
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Role of ordering and oscillations
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Turbulent enhancements in the exchange limit

Verberg and Koch, Phys. Fluids 2006
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Turbulent enhancements in the exchange limit

k, ~k, +wp,c,dO

q/q

0.1 1 10 100 1000
Ky/Kg




Role of Bi-= h(d/2)
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dt
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Thermal simulations
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Experiments



Experiments in the exchange limit
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©_O Model the vibrated box
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volume fraction granular temperature heat flux
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Role of size in the exchange limit
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Role of volume fraction in the exchange limit
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DNS of turbulent heat transfer between plates




Conclusions

Agitated suspensions have “diffusion” and “exchange” heat transfer limits.
Granular ordering affect heat transfer.

Granular agitation further enhances heat transfer in the exchange limit by
augmenting turbulence.
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Thank you

http://grainflowresearch.mae.cornell.edu/index.html



