The Newtonian Constitutive Equation in Cartesian, Cylindrical,
and Spherical coordinates
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Spherical Coordinates
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These expressions are general and are applicable to three-dimensional flows. For unidirectional
flows they reduce to Newton’s law of Viscosity. Reference: Faith A. Morrison, An Introduction
to Fluid Mechanics (Cambridge University Press: New York, 2013)
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A caution about sign convention

In Understanding Rheology (Morrison, 2001) and An Introduction to Fluid Mechanics (Morrison, 2012)
two different stress sign conventions are used. In the rheology text we follow Bird, Armstrong, and
Hassager, Dynamics of Polymeric Fluids (Wiley, 1986) (II = —ﬂ, T = —17),), while in the fluids text we

follow the usual engineering sign convention (1], T). Any express that contains [l or T is affected.’®

t=+u (Ve +(Vv)")

T=—4 (Vg + (VE)T) (Bird et al.)

Force on surface with unit normal i and area S:

S

Torgue on surface with unit normal 71 and area S:

Z B .ﬂ; B X [ﬁ ' E]surface ds = .ﬂ; B % [ﬁ ' (_g)]surface ds

Sorry about that.
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