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nsport Processes Quiz#4 October 12, 2004

Time Allowed: 50 mins. Name:

The microwave oven is commonly used to boil water (for coffee or tea) in a mug or used to warm food on a plate. When
the mug or plate is removed from the oven, it frequently feels warm or hot to touch. The container thus loses heat to the
ambient during the heating process. Since heat is generated by the microwave radiation vibrating primarily the molecules
of water in the mug or in the food (with no effects on ceramic or porcelain), the heat acquired by the container has been
transferred by its content. Similar heat losses to the ambient via container walls are observed for many industrial systems
such as evaporators with immersed steam chests or heating coils.

A cylindrical ceramic mug (8cm o.d., 0.4cm wall thickness and 10cm tall) weighs 301g empty, and
584.3g when filled with water. The mnh:l temnerature of hoth the water and mua was 24°C The
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mug was placed in a microwave oven (at a constant power level of 1,688.3 W/kg of water) for 90s.
The temperature of the water rose to 51°C. A fan circulates the air in the oven and exchanges it
with outside air. Neglect evaporation of water.

(10 pts.) If it is assumed that the ceramic mug temperature is exactly the same as for the
water at any instant and the ambient temperature is constant at 24°C in the oven, estimate the heat
transfer coefficient between the mug and the air while heating. Assume that both the top and base
of the mug are insulated, the water is well mixed and that the lumped heat capacity method is valid.

Bonus (2 pts.)  If the mug and the water are not at the same temperature (except at t=0) and the
heat transfer coefficient between the water and the mug is h; (while the heat transfer coefficient
between the mug and air is h,), derive an expression that, when solved, allows the determination of
the water temperature as a function of time while the oven is operating. Do not solve.

Data:
Ceramic p =1748.9 kg/m®; C,=0.96 kJ/kg K
Water p=999.8kg/m*; C,=4.22kJ/kgK
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