ES 3053 EXAM 1 February 19, 2001
Open Books and Notes

I; 60 points

Therefrigerant R-22 is contained in a piston-cylinder arrangement as given below, where the volume
is 11 L when the piston reaches the stop. Initially, the R-22 is at -30°C, 150 kPa, at a volume of 10
L. Under the initial conditions, the external atmospheric pressure plus the weight of the piston
combine to balance the 150 kPa R-22 pressure. A process of adding heat reversibly is then performed
until the temperature is 20°C. Taking the R-22 as the system:

A. S points

How much R-22 (in kg) is in the device?
B. S points

Taking into account that the piston might hit the stop,

what is the final volume? -
Lo 10 points

What is the final pressure? R-ZZ
D. 20 points

How much work is done by the R-22 for this process?
E. 20 points

Neglecting KE and PE effects, how much heat is
added for this process?

II. 40 points

In the figure to the right, 0.25 kg/s steam enters a valve at 1.4 MPa, 250°C (Point 1) where it is
throttled to 1.2 MPa (Point 2) before entering an adiabatic

turbine. The turbine produces 110 kW of power and the 1 2

exhaust from the turbine is 10 kPa (Point 3). Neglecting KE
and PE effects, and assuming steady-state operation:

Turbine —W

A. 20 points
What are h (the specific enthalpy) and T (the
temperature) leaving the valve (Point 2)?

B. 20 points
What are h (the specific enthalpy) and
T leaving the turbine (Point 2)?
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