PROBLEM 3.44

KNOWN: Construction and dimensions of a device to measure the temperature of a surface.
Ambient and sensing temperatures, and thermal resistance between the sensing element and the
pivot point.

FIND: (a) Thermal resistance between the surface temperature and the sensing temperature, (b)
Surface temperature for Ty, = 28.5°C.

SCHEMATIC: I q
T = 28.5°C
k—D= 100;nm4_>|
?/
Silicon |— r(x) T

dioxide L =50 nm

L

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional heat transfer, (3) Negligible
nanoscale effects, (4) Constant properties.

PROPERTIES:. Table A.2, polycrystalline silicon dioxide (300 K): k = 1.38 W/m-K. Table A .4,
air (300 K): k =0.0263 W/m-K.

ANALYSIS

(@) Atany x location, heat transfer in the x-direction occurs by conduction in the air as well as
conduction in the probe. Applying Fourier’s law,
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Since the proberadiusisr = Dx/2L, the probe areais
1-— (2a, 2b)

Substituting Egs. (2a) and (2b) into Eq. (1) yields
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Separating variables and integrating,

Continued...
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Therefore, the thermal resistance associated with the probe is
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Carrying out the integration yields
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Substituting val ues gives

R - 4x50%10° m y 1
% (100 x 10° m)?  ,/0.0263W/m-K x (1.38 - 0.0263) W/m- K
oL |(1:38-00263) WIm-K _ oo 106 <
0.0263 W/m-K '
(b) Thethermal circuitis
Toen = 28.5°C
Tsurf .—/\/—.—/\r—o T,.= 25°C
Rsen RT
= 48.3 x106 K/W = 5x106 K/W
Hence,
(Tsurf 'Tsen) — (Tsen _Too)
Ren R
R 48.3 x 10° K/W
Tart = (Tan - T,.) =2 + T, = (285-25°Cx —="— """ 4+285°C
surf. ™ & sen Ry 5x 10° K/W
Ty =62.3°C <

COMMENT: Heat transfer within the probe region will not be one-dimensional and
modification of heat transfer due to nanoscale effects may be important. However, the probe may
be calibrated by measuring the surface temperature of alarge isothermal object.



