PROBLEM 3.130
KNOWN: Length, diameter, base temperature and environmental conditions associated with a brass rod.

FIND: Temperature at specified distances along the rod.

SCHEMATIC:
@ h=30W/m2-K L=01m
~ 15=20°C D=-0005m
. - = x;=0.025m
1y=200°C— M I )}D x;=0.05m
/»x l:

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional conduction, (3) Constant properties, (4)
Negligible radiation, (5) Uniform convection coefficient h.

PROPERTIES: TableA-1, Brass (T :110°C) : k=133 W/m-K.

ANALYSIS: Evauatefirst the fin parameter
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[ ne Y2 I hep 1/2_[4_h}1/2_ 430 W/m?2 K

KAc Kz D2 /4 kD 133 W/m- K x0.005m
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Hence, m L = (13.43)x0.1 = 1.34 and from the results of Example 3.9, it is advisable not to make the
infinite rod approximation. Thus from Table 3.4, the temperature distribution has the form

o cosh m(L —x)+(h/mk)sinh m(L —x)
~ coshmL + (h/mk)sinh mL

Evaluating the hyperbolic functions, cosh mL = 2.04 and sinh mL = 1.78, and the parameter

h  30wmfK
mk  1343m™ (133 Wim-K)

=0.0168,

with 6 = 180°C the temperature distribution has the form

coshm(L —x)+0.0168 sinhm(L—x) (. _
o= (180 c).
2.07
The temperatures at the prescribed locations are tabul ated below.
x(m) coshm(L-x) sinh m(L-x) 0 T(°C)
x1 =0.025 1.55 1.19 136.5 156.5 <
X2 =0.05 1.24 0.725 108.9 128.9 <
L=0.10 1.00 0.00 87.0 107.0 <

COMMENTS: If the rod were approximated asinfinitely long: T(x1) = 148.7°C, T(xp) =

112.0°C, and T(L) = 67.0°C. The assumption would therefore result in significant
underestimates of the rod temperature.



