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Note: If you think the conditions given are not enough for you to use, make your own
reasonable assumption(s). The conservation equations of mass and energy and some possibly
used equations are given below for your need:

@ The conservation equations of mass and energy:
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® The equation of irreversibility:
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& Other possibly used equations:

ds = (‘%) for reversible process

Tds=dh-vdp  h=u+py dh=deT+g£~dp
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For ideal gas, u=u(T), pv=RT, §* = JCP?
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1. (20%) What’s Carnot cycle? If this engine is a Carnot engine, find out its efficiency and
irreversibility. How and why you employ the concept of Carnot cycle to the improvement
for Brayton and Rankine cycles by the use of reheating processes? You can also employ
the T-s diagram to interpret or explain it. Both Brayton and Rankine cycléé are composed
of 2 isentropic processes and 2 constant-pressure processes. :

2. (30%) A power cycle operates as shown in Fig. A, in which Tx= 1000°C and T} = Tp=
0°C. Determine the following:

(a) If this engine is an ideal simple Brayton cycle, how you find out the efficiency and
irreversibility per unit mass? It has compression ratio 9 and air inlet to the compressor
is latm; the highest and the lowest operation temperatures are 900°C and 30°C,
respectively. It is assumed that the specific heat Cp is a constant of 1.0 kl/kg-K and
the gas constant has the value of R=0.25 Cp.

(15%)

(b) Draw the above Carnot cycle and Brayton cycle in the T-s diagram for comparison.

(15%)

Fig. A: Tyand T}, represent the temperature of heat source and heat sink

3. (30%) An ideal simple Rankine cycle is used as the engine as shown in Fig. A. In which,
Tu=300°C and 7;=70°C. Supposed that it has the turbine inlet temperature equaling to Ty
and pump inlet temperature equaling to T, with saturated liquid. Determine the following:

(a) If you do not have steam tables, describe how you find out the maximum efficiency
and the associate irreversibility for this Rankine cycle. (15%)
{(b) Draw the above Carnot cycle and Rankine cycle in the T-s diagram for comparison.

(15%)
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4. (20%) Steam steadily enters an adiabatic turbine, as shown in Fig. B, at 2 rate of 10 kg/s at
3.5 MPa and 350°C. At a point where the steam is at 1 MPa and 250°C, 15% of the total
mass flow is extracted for some other heating purpose. The rest of the steam expands
further and is exhausted from the turbine at 30 kPa with a quality of 90%. Describe how
you determine the turbine’s power output.

Adiabatic
turbine

Fig. B



