(Y

T WATE R

{

_\O

G
o

A

Ts

R Y
B qg

AASOANANAN

3

Thermodynamics I
Quiz 2 12/18/03

Hello people. Please read the questions carefully. As you solve them, indicate clearly your
system/CV boundaries and any assumptions you might make. When possible, please state in
words what you are trying to solve/your approach so that | can follow your work and give you
credit. This is especially important if you run out of time. Most importantly, relax!

Exam time: 90 minutes
You may use the integral form of the conservation equations throughout

Problem 1

One winter day you are sitting in your kitchen, studying thermodynamics, and shivering cold. You
notice a large 5 liter plastic jug of water sitting on the counter, and decide to “heat up” the room
by putting it in the refrigerator, which you estimate operates with a COP of 3, and an inside
temperature of 4 C. Your brother thinks you're crazy for trying to heat up the kitchen by cooling
the water. The kitchen dimensions are 4m x 3m x 4m, and the initial temperature is 20 C.

Esimate the most that the air temperature in the room could change as a result of your putting the
jug of water in the refrigerator. Assume air density of 1.2 kg/m3, Cp = 1.0 kJ/kg-K, Cv = 0.7 kJ/kg-
K. Assume a water density of 1000 kg/m3, and C = 4.2 kJ/kg-K. 1000 liter = 1 m°.

Problem 2

You enjoy taking hot showers. One day as you pondered thermodynamics and how the water
gets hot in the first place, you begin analyzing the hot water heater in the bathroom. You notice
that it is heated by an electric coil which is controlled by a thermostat setting. When the water
temperature drops below the set temperature T, the coil turns on and provides electric heat at a
rate of W, watts. As water is drawn out from the bottom of the heater, fresh, cold water at a
temperature T, flows in at the top. After several measurements with a bucket and stop-watch,
you determine that the average mass flow rate at which you consume hot water is m kg/s. The
water tank has a volume V, the water has a constant specific heat C and density p.

a) If you allow the water to run for a very long time, what will be the steady state
temperature of the water exiting the tank, T.?

b) Having let the tank temperature drop to the steady state temperture by letting the water
run for a long time, you close the shower water, and allow the temperature of the water in
the tank to begin rising again. How long will it take to get to T,?

c) Now that the water temperature is back up to T, you decide to take a shower with your
trusty thermometer. Derive (but do not solve) the differential equation governing how T,

varies in time, in terms of the given variables. Assume that the temperature within the
hot water tank is essentially the same everywhere.

Problem 3

A cylinder with its axis vertical and the cylinder head at the top is fitted with a piston. Initially the
piston is at the top of the cylinder, with negligible clearance volume between it and the head. The
pison is held in position by the atmospheric pressure acting behind it. A small hole in the cylinder
head is opened to let air from the atmosphere flow into the cylinder, allowing the piston to drop
slowly while the pressure within the cylinder remains constant. The piston and cylinder are made
of thermally insulating material. When the piston comes to rest against the stops, the final
temperature and volume of air in the cylinder are designated by T,;and V. Atmospheric
temperature and pressure are T, and p,. Determine T;in terms of the other variables. At=o
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