PROBLIM 3,117

KNOWN: Dimensions of discishatt assemblv. Applied angular velocity. force. and torque. Thermal
conductivity and mner temperature of dise

FIND: 1a) Expression tor the fmetion coetficient p. (hy Radal temperature distribubion in dise. (¢) Value
of g for prescribed conditions
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ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional radial conduction, (3) Constant k.
(41 Liniform dise contaet pressure p, (53 ALl frienonal heat dissipation is transterred to shaft from base of
dise.
ANALYSIS: (a) The normal torce acting on a differential ning extendimg from rto erdre on the contact
surtace of the dise may e expressed as dF, = p2ardr. Hence, the tangential foree 1s dF, = gp2oredr.
i which case the torque niay be expressed as
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(b Perfarmung an energy balance ona dilferential control velume m the disc. it follows that
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PROBLEM 3.117 (Cont.)
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Since the disc is well insulated at r =y, dT,fdr| =0 and
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With T (1) = Tp. italso follows that
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(¢) For the prescribed conditions,
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Since the maximum lemperature occurs at r— ra,
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With ( uFery f37kt) =(0.333% 200N x 40rad’s < 0.18mf37 « [5W/m- K x 0.012m) = 282.7°C,
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Tinax = 80°C-94.1°C+621.1°C = 607°C <

COMMENTS: The maximum temperature is excessive, and the disks should be actively cooled (by

convection) at their outer surfaces.
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