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PROBLEM DEFINITION

A solid spherical galactic probe exploring the dead moon Ulysses circling
the exploding star DELTA 45XC1, is of radius r0 = 0.3m with a thermal
conductivity 250 W/m-K and has a volumetric internal heat generation of
.

The probe has an Iridium (k = 47 W/m-K) shielding to protect it from the
NEUTRON STAR J-CLASS Radiation of thickness 0.02m. The outer Iridium
surface emissivity is 0.8 and the temperature of the surroundings is 20K.

• What is the value of the MINIMUM and MAXIMUM Temperature?
• What is the value and location of the MINIMUM and MAXIMUM heat
transfer rate?
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ANALYSIS

Since the surface emissivity and the surrounding temperature is given, the probe 
is experiencing radiation heat transfer at the surface with the large surroundings.

Since we are asked to find surface temperature and the HEAT FLUX IS KNOWN AT 
ALL BOUNDARIES then we can apply an overall control volume and use energy 
conservation to find temperature.

Since we are transferring heat by radiation  at the surface, the internal heat 
generation must be dissipated to the surface by conduction and transferred to 
the surroundings by radiation.

Since energy is leaving the probe at the surface the MAXIMUM temperature must 
be at the probe center, and the MINIMUM must be at the surface.
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MINIMUM TEMPERATURE
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OVERALL CONTROL VOLUME
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INTERFACE TEMPERATURE
(IRIDIUM)
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CENTER TEMPERATURE
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BOUNDARY CONDITIONS
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MINIMUM/MAXIMUM
HEAT RATE
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