SOLUTION

EXAM 2
CM3120

SPRING 2019 MORRISON

1. (20 points) Dimensional analysis is an important technique we introduce when we wish to
understand very complex systems. For three of the following dimensionless numbers that arise
in momentum or heat transfer give the following two pieces of information a) the formula for
the definition of the quantity and b) a sentence indicating the significance of this dimensionless
quantity.

a. Reynolds number

b. Nusselt number

¢. Biot number

d. Peclet number

e. Prandtl number
SOLUTION:

a. Reynolds number: Re = B—?

Reynolds number appears in the non-dimensionalization of the microscopic momentum
balance; it represents the ratio of inertial and viscous forces in a flow

b. Nusselt number: Nu = %{P-

Nusselt number is the dimensionless heat transfer coefficient in forced convection flows.

¢. Biot number: Bi = %—?

Reynolds number appears in the non-dimensionalization of unsteady state heat transfer
solutions; it represents the ratio of external resistance to heat transfer (h) to internal
resistances to heat transfer (k).

CppVD

d. Peclet number: Pe = -—”Z— = Zé)- = PrRe
Peclet number appears in the non-dimensionalization of the microscopic energy balance; it
represents the ratio of convective heat-transfer effects and conductive heat-transfer effectsin a
problem.

Cpﬂ v

e. Prandtl number: Pr = ~ =3

Prandt! number appears as part of the Peclet number and along with Reynolds number appears
in data corelations for dimensionless heat transfer coefficient, Nusselt number. The Peclet
number represents the ratio of a materials ability to hold and store energy (C'p) and the rate of
its ability to conduct energy (k).
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The Equation of Energy for systems with cONstant k

-——B Microscopic energy balance, constant thermal conductivity; cylindrical coordinates

Microscopic energy balance, constant thermal conductivity; Gibbs notation
. (0T 2
pCy (5o +2-VT) = kV2T 45

Microscopic energy balance, constant thermal conductivity; Cartesian coordinates
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Reference: F. A. Morrison, “Web Appendix to An Introduction to Fluid Mechanics,” Cambridge University
Press, New York, 2013. On the web at www.chem.mtu.edu/~fmorriso/IFM WebAppendixCD2013.pdf
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