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What you expect from this lecture

JPhysical entities we are dealing with

» Momentum
+* Viscosity (Newtonian fluid)

» Energy
+“*» Heat conduction (Fourier’s law)

» Mass

+*» Molecular diffusion (Fick’s law)

JPhysical phenomena we are interested in:
» Flow of fluids; flow of heat, and flow of mass.

IPhysical properties we are interested in:
» Viscosity

» Thermal conductivity
» Diffusion coefficient

IDisciplines
» Fluid statics (and dynamics)
» Heat transport
» Mass diffusion

JWhy?
» The above three topics are described in the same (or similar) mathematical methodology.
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Conservation principle

JInput + Generation = Output + Depletion + Accumulation

CJIf at steady state (A|ZH0]| [0HE HZ2} 7} Gl= 3 el &l El),
» Accumulation = zero
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Mathematical Prerequisites

1Some Mathematical prerequisites
> Differential equations (O] 2 & Al)
»Scalars (scalar is a special case of tensor;)
»Vectors (and possibly tensors; actually vector is a special case of tensor)
» Coordinate systems (Rectangular, Cylindrical, Spherical)
» Gradient of a scalar field (or a vector/tensor field)

JField variable

» A field is a physical quantity represented by a number (vector/tensor), that has a (set of)
value(s) for each point in space and time.
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Scalar Gradient; Vector Gradient

N

FH7HONR &f2 25 T, M2k,

—,

FH YL 29| 2 & Xt0| 7t GiCt.

l ‘ Heat source (Z &)
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Temperature gradient: (a ay)

Temperature gradient itself is a field variable
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Englneerlng approach
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Recap

JSome mathematical prerequisites
>3 ol
> A 247
»ANZEEL
1=
> HlA
> a2t
» Gradient?

+* Scalar gradient
*» Vector gradient

IDisciplines
» Fluid statics (and dynamics)
» Heat transport
»Mass diffusion
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