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Objectives

üShow the necessary additions to conservation 
equations when a fluid is subject to electromagnetic 
fields

üEvaluate and interpret the effect of these fields in 
the particular case of transport of momentum and 
heat in the axisymmetric pipe flow of a water -based 
ferrofluid

üExtrapolate the simulation to predict the behavior of 
an hypothetical liquid metal -based ferrofluid under 
similar flow conditions
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Transport Phenomena

üPhysical quantity A moved through space and 

generated from or transformed into other 
physical quantities by known mechanisms

üConservation equation - represents a balance 
of A in a control volume

üConstitutive relation - associates quantities of 
different nature; relates transport or 
generation with one or more driving forces
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Maxwell Equations
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üSet of four partial differential equations relating 
fields (E, D, B, H) and their sources.
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Ferrofluid

üColloidal suspension of 
nanosize ferromagnetic 
particles, stabilized by 
surfactant

üHigh magnetic susceptibility

üRemains fluid at high fields

üCarrier fluid: water or 
hydrocarbon

üCurrent research in liquid-
metal ferrofluids
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Mass Conservation Equation
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No change in the presence of 
electromagnetic fields
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Momentum Conservation Equation
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Maxwell Stress Tensor

Together with EM momentum can be 
transformed into Lorentz force density


