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An adiabatie rigid chamber is connected to a steam line that provides steam at a constant state of T = 700
*C, P = 2000 kPa. An adiabatic turbine is in the adinbatic cunnect'ing'linc between the steam supply [ine
and the chamber as shown. Initiaily, the chamber (V = 10 »°) contains § kg of steam at 100 kPa. At time t
= 0. the valve from the steam supply line is epened. and stearn flaws through the turbine and into the
chamber, Thie valve is closed when the pressure in the chamber just reaches 2000 kPa, and at that instant,
the temperature in the chamber is measured 1o be 600 °C. How much enlropy Spen (KIK) {5 getterated in
this process from the time the valve is opened until it is closed? (! 5%) .
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An idenl air-standard Stirling engine receives energy at a rate of 1 kW from a source at 427 *C, and has a
thermadynamic efficiency of 0.50. The work output from the Siirling engine is used to drive a reverse-
Camot cycle chiller. The chitier absorbs energy from water at 27 °C, and rejects energy to the same
reservotr for heat rejection used by the Stirling engine.

What is the COP of the ¢hiiler? { 10%)

What 1s the rate of cooling (that is, the rate of heat transfer from the reservoir at 27 °C) provided by the
chiller? {10%%)
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Derive a relation for the volume expansivity fand the isothermal compressibility o (a) for an ideal gas

-and (b) for a gas whose equation of state is P(v - 4) = RT. (c¢) For the gas with equation of state Plv-a)=

RT, is it possible to cool this gas by thmttlmg assuming « > 07 {15%)

A small star has & radius of 100,000 km. Suppose that the star is originally at a uniform femperature of
1,000,000 K before it “dies,” i.e., before nuclear fusion stops supplying heat. If it is assumed that the star
has a constant heat capacity of pc, = | kJ/m’K, and that it remaing isothermal during cool-down, estimate
the time required until the star bas cooled ro 10,000 K. Note: A body of such proportions radiates like a
blackbody. The Stefan-Boltzmann constant is 5.67 x 10 Wm®K". (15%)
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What are the definitions and their physical meanings of the following terms? {12%)

fa} thermal conductivity (b} Biot number (Bi}
{¢) finefficiency (dj Reynolds number (Re, )
() Nusz=elt number (Nu,) (3 Prandtl mumber (Pry

Sketch the variation of the velocity and thermal boundary layer thickness qualitatively with distance fron
the leading edge of a flat plate for the laminar flow of (a) air, (b) water, (c) engine oil, and (d) mercur
Plot one figure for each fluid, and totally four figures. Assume a mean temperature of 300K for all fluid
(8%)

A thin-walled copper tabe of outside radius 10 mm is used to transport a low-temperature refrigerant ap
t0 Wimll
0.032 W/mI( 1s used as tube insulation to prever

15 at a temperature of 4 °C. The ambient air is at 25 °C and with convection coefficient h =
around the tube. Foamed rubber with conductivity k =
tieat loss from air to the refrigerant.

Plot the variation of conduction (R,,), convection (R_,,,.) and total (R, ) thermal resistance vs. thicknes
of the insulator (t). {5%)

Is there a best or a worst thickness associated with application of insulation 1o the wbe? Verify yolL.

angwer quantitatively, (10%)
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