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(1)
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Spring 1995

In our laboratory, a tank having inside volume V, initially contains water
occupying volume v (v<V). The remainder of the tank volume contains air. The
tank is provided with an air vent of diameter d. The rate of inflow of water is

@s measured by a suitable flow device.

Draw a schematic that best represents this descriptive data and information.

State the principle you plan to use in determining mass flow rate of air being
vented, in this arrangement. -

Derive an expression for mass flow rate of air being vented.

Draw a sketch depicting air venting rate as a function of time, as the tank gets
filledup. (0<v<V).



(2)

Using Clapeyron's equation [(dP/dT et 1= [hjg T V) estimate the value of latent
heat of water at 70°C and compare it with

portion of property data is appended here.

Saturated water-Temperature table

actual value. For your information, a

Specifis velume internal Entha Entropy

mi/kg kJ/kg kJ/kg kJ/(kg - K)
Toms. ::;.. Set. Sat. Sat. Sat.  Sat. Sat.  Sat. Sat.
< kPa liquid vaper Houid Evap. wvaper lquid Rvap. wvapor liquid Rvap. vaper
T Frai ¥ Vs u, Uy uy d hy h, 3 S 1,
50 12.349 0.001012 1203 20932 22342 24435 200.33 2382.7 25921 0.7038 73725 B807%)
55 15.758 0.001015 8.568 23021 22199 24501 230.23 2370.7 2600.8 0.7679 .7.2234 79943
60 19.940 0.001017 7.671 25111 22055 24566 251.13 23585 2609.6 0.8312 10784 7%
65 25.03 0.001 020 6.197 272,02 2191.1 2463.1 27206 23462 26183 0.8935 6.9375 7830
70 31.19 0.001023 5.042 29295 21766 24696 20298 23338 2626.8 0.9549 68004 7 7553
75 38.58 0.001 026 4131 313.80 2162.0 24759 31393 23214 26353 1.0155 6.6669 7¢caxe
80 47.39 0.001029 3.407 33486 21474 24822 33491 2308.8 2643.7 1.0753 65369 76'2
85 57.83 0.001033 2.828 355.84 21326 24884 35590 2296.0 2651.9 1.1343 64102 7z2s%
90 70.14 0.001 036 2.361 37685 2117.7 24945 37692 22832 26601 1.1925 62866 7 4791

With the aid of above equation demonstrate that as we proceed towards critical

point, as expected, hfg - values decrease.



(3)

A complex heat to work energy conversion system uses R-134a as its working fluid and
operates in a steady state at 60 Hz on a modified Ericsson cycle. This system dissipates available
energy internally at a constant rate of 200 W under all conditions applicable to this problem. If the
system receives heat at the rate of 500 W from a 300 C source and 200 W from a 200 C source,
what is the maximum allowable sink temperature for the system to produce 100 W of shaft
power. T, = C

If operating at the maximum possible efficiency at the calculated sink temperature, what is
the rate at which heat is rejected to the sink? Qi = w



(4)  The system shown below is used for producing fresh water from salt water.
The conditions are as shown in the figure. Assume that properties of salt
water are the same as for pure water, and that the pump 1s reversible and
adiabatic.

a. Determine the ratio (ms/m,); i.e., the fraction of salt water purified.

b. Determine the pump work mnput per mass of pure water produced, wp.
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Ty = 200'C
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Heater
I
Heat
exchanger
(insulated)
Py=700 kPa
Ty = SS'C
Pump( ). pure liquid
Liquid - . HOou
seawater s
T«| = 15'C

Pq' ‘w kP.



