ENCH 501 F2018 Quiz #5 Name:

November 20, 2018 Time Allowed: 45 minutes al

Very few places on earth with temperate or cold climate have central systems for heating homes. Such systems, under the
control of thermistors, turn heat on and off to maintain programmed or pre-set temperatures in typical North American houses
heated by natural gas, heavy (or furnace) oil or electricity. In most places, heat is generated by burning wood, coal and from
stand-alone devices through which electrical currents are passed. The latter devices are called space heaters and they include
direct radiant energy emission from glowing red metal wires and ribbons, with and without fans, and “radiators” filled with oils
that are electrically heated. (In relations to income levels, electrical heating is expensive in many countries.) Air flowing over the
radiator gains heat and warms up room within which it is circulating. The question is on a primitive model of an oil radiator.

A rectangular metal container, 1.2 m long, 75 cm wide and
20 cm deep, is completely filled with silicone oil. The container

is in a large room maintained at a constant temperature of 20°C. . ——_lhew
An apron is attached to the edge of the top of the container, as Ur - 10 em
per the sketch. The apron, 30 cm by 75 cm, provides an unheated T N

zone in front of the leading edge of the container. The oil is heated =

to and maintained at 90°C by an immersion coil (electric heater). Uheadbint 1 [
The oil is well agitated, its temperature is uniform and the same as Pf?,rm ' .
the temperature of the top surface of the container. All other I’;};‘:&i”“

surfaces of the container are insulated. The free stream velocity
of air blown over the exposed top surface, along the long edge, is 1.8 m/s.

a) Estimate the steady load (in Watts) for the immersion heater. Derivations not necessary but show
important steps.

b) For this system, is the assumption involved in the analysis that &; < & valid for this system?

Data: Properties of air at 20C - p = 1.2047 kg/m?; u= 1.817 (10°) Pa.s; C, = 1004 J/kg K;
k = 0.02563 W/mK; Pr = Cp p/k.

Hint: An integral may be approximated by a summation over discrete intervals. Values of hy calculated at
different distances x may be used to estimate the integral of hy over x by the trapezoidal rule. Start the
calculation at x = 0.30001, not 0.3.
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