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ME 353 M.M. Yovanovich

Week 3

Lecture 1

ME 353 Web Site: Summary of week 2 topics are on the Web.
Contact resistance: Rc = 1=(hcA); see Table 3.1 for typical values of R00

t;c; how
to get hc, contact conductance, from Table 3.1; hc = 1=R00

t;c [W=m2K].
Thermal resistance R of composite systems.
Overall conductance U for cylindrical systems. This parameter has units of
[W=m2 �K].
De�nitions of Ui and Uo and relationships.

Qsys = UiAi(Tf1 � Tf2) = UoAo(Tf1 � Tf2) = (Tf1 � Tf2)=Rtotal

where Ai and Ao are the inner and outer surface areas and Ao > Ai. Since
UiAi = UoAo, then Ui > Uo. Overall conductances are frequently used in heat
exchanger design. It is recommended that the total resistance be used in anal-
ysis because there is no confusion when it is implemented.

A cylindrical shell a � r � b with temperature dependent thermal conductivity,
k(T ), in the temperature range T2 � T � T1. Separate the variables T and r,
and integrate between appropriate limits:Z r=b
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where k0 is the value of k at some reference temperature and � is thermal con-
ductivity temperature coe�cient. This is an empirical (experimental) relation.
Complete integrations to get
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is the value of the thermal conductivity at the

average temperature of the cylindrical shell (T1 + T2)=2.
Thermal resistance of the cylindrical shell is
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A similar analysis can be applied to the plane wall and the spherical shell.

Lecture 2

Full solution of 1D Laplace equation in cylindrical shell with boundary condi-
tions of the third kind (Robin conditions) at inner and outer boundaries. Found
T = T (r; a; b; k; h1; h2; Tf1; Tf2) and system heat transfer rate Qsys. The total
resistance of the system consists of three resistances (2 �lm resistances and 1
solid resistance) in series. Discussion of the physical interpretations of the di-
mensionless temperature excess and the system heat 
ow rate.
The full solution can be applied to a plane wall and a spherical shell.

Lecture 3

Solutions of one-dimensional Poisson equation in plane wall, long solid circular
cylinder and solid sphere; all systems are convectively cooled;
see ME 353 Web Site for general equation and general solution with parameter
n where n = 0 for plane wall, n = 1 for cylinder, and n = 2 for sphere;

surface temperature rise: Ts � Tf = Pb=((n+ 1)h) ;

solid temperature rise: Tmax � Ts = Pb2=(2(n + 1)k) ;

Biot number for all cases: Bi = hb=(k) ;

�Tsolid=�T�lm = Bi=2 for all cases;

examples: nuclear fuel element with cladding; ohmic heating in wire with insu-
lation.
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