PROBLEM 1.86(f)

KNOWN: A thermocouple junction is used, with or without a radiation shield, to measure
the temperature of a gas flowing through a channel. The wall of the channel is at a
temperature much less than that of the gas.

FIND: (a) Relevant heat transfer processes, (b) Temperature of junction relative to that of
gas, (c) Effect of radiation shield.
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ASSUMPTIONS: (1) Junction is small relative to channel walls, (2) Steady-state conditions,
(3) Negligible heat transfer by conduction through the thermocouple leads.

ANALYSIS: (a) The relevant heat transfer processes are:

Orad Net radiation transfer from the junction to the walls, and
Aconv Convection transfer from the gas to the junction.
(b) From a surface energy balance on the junction,

Oconv = Urad

or from Egs. 1.3aand 1.7,

hA(Tg-Tj)=¢ A a(Tj4 —TS4).

To satisfy this equality, it follows that

That is, the junction assumes a temperature between that of the channel wall and the gas,
thereby sensing a temperature which is less than that of the gas.

(c) The measurement error (Tg —Tj) is reduced by using a radiation shield as shown in the

schematic. The junction now exchanges radiation with the shield, whose temperature must
exceed that of the channel wall. The radiation loss from the junction is therefore reduced, and
its temperature more closely approaches that of the gas.



