CLASS TEST (2021)

Friday, May 21, 2021 11:09 AM

A ceramic (k= 60 W/mK) hollow sphere having inner and outer diameters of 10 and 30 cm holds
a molten alloy. The tank is exposed to a free convection environment with an ambient
temperature of 30 °C. The outer surface temperature of the spherical tank is 100 °C, while a
thermocouple embedded at 7.5 cm radius reads 250 °C. Estimate (i) the inner wall temperature

of the tank and (ii) the convective heat transfer coefficient outside the tank. 8 marks
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2. A thermocouple is suddenly inserted in a furnace to measure the temperature of the hot gas
stream. The junction may be approximated as a sphere having a thermal conductivity of 25 W/mK,
density 8400 kg/m?, and specific heat of 0.4 kJ/kgK. The heat transfer coefficient between the
junction and the gas is 560 W/m?K. Calculate the diameter of the junction if the thermocouple
should be able to read 95% of the applied temperature difference in 3 s. Assume the lumped
capacitance model to hold good. 7 marks
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3. A0.5m by 0.5 m diffuse vertical flat plate receives concentrated solar radiation G; = 10000 W/m?,
while its spectral absorptivity of the plate surface varies as: & = 0.9 for 0<A<1 um and 0 for 1pum
<. How much heat does the plate absorb? The plate is thermally insulated at its back, and under
a steady state it rejects the heat by radiation and free-convection from the front which is at a
temperature of 327 °C. The free stream air and the surroundings are at 27 °C. What is the
emissivity of the surface? Consider solar radiation to mimic the radiation from a blackbody
maintained at 5000 K. Also assume the air properties at the ambient temperature of 300 K (k =
0.3 W/mK, C, =1 ki/kgK, Pr=0.7, p=1.2 kg/m?). Assume the following correlation for Nu for free

convection on a vertical flat plate: Nu= 0.59 Ra, /. 10 marks
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4. Find the view factors Fi> and F,; of the following two configurations:

Sphere lying on infinite plane
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