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1. Multiple-choice questions (¥ E #7) (24%)

1. Which one is a path function? (A) enthalpy, (B) pressure, (C) work, (D) state variabie, (E) None of above.

2. The work can be expressed as , W, = f PdV . If PV = constant, the expression of ;W3 be rewritten as (A)
W, =P(V, -V}, B);W,=V(®,-P), (C) ,W,=PV,-PV,, (D) W, =PV, In(V,/V)), (E) None of
above.

3. Which one of the following statements is incorrect? (A) A phase is defined as a quantity of matter that is
homogeneous throughout, (B) An intensive property depends on the mass, (C) The path of the succession
of states through which the system passes is called process, (D) Energy has been defined as the capability
to produce an effect, (E) None of above. '

4. Which one of the following statements is correct? (A) Pressure is defined as the tangential component of
force per unit area, (B) The zeroth law of thermodynamic states that the heat transferred from high
temperature to low temperature, (C) A pure substance is one that has a heterogenecous and invariable
chemical composition, (D) For an ideal gas, the compressibility factor, Z, is equal to zero, (E) None of
above.

5. A mass of 200 g of saturated liquid water is completely vaporized at a constant pressure of 100 kPa,
whose v and vy are 1.6941 and 0.001043 m’/kg, respectively. What is the volume change? (A) 0.3386 m’,
(B) 0.4589 m®, (C) 0.2020 m°, (D) 1.6932 m°, (E) None of above.

6. Following the last question (i.e., Quest 5.), at 100 kPa, hg = 2257.5 kl/kg. What is the amount of energy
transferred to the water? (A) 225.8 kI, (B) 765.2 kI, (C) 451.5 kJ, (D) 112.9 kJ, (E) None of above.

IT. A rigid tank is divided into two equal parts by a partition. Initially, one side of the tank contains 5 kg of
water at 200 kPa and 25°C, and the other side is evacuated. The partition is then removed, and the water
expands into the entire tank. The water is allowed to exchange heat with the surroundings until the
temperature in the tank returns to the initial value of 25°C. Determine (a) the volume of the tank, (b) the
final pressure, and (c) the heat transfer for this process. At 25°C, v, = 43.340 m’/kg, ve= 0.001003 m>/kg,
ur = 104.83 kl/kg, ug, = 2304.3 kl/kg, and the saturated pressure is 3.1698 kPa. At 200 kPa and 25°C, the
specific volume, vy, is about equal to 0.001 m*/kg and the internal energy, uy, is about equal to uz. (19%)

III. The power output of an adiabatic steam turbine is 5 MW, and the inlet and the exit conditions of the
steam are indicated in the following figure. (19%)

(2) Calculate Ah, Ake and Ape, where Ah=h; ~hi, Ake={V; —V;’)/2and Ape = g(z; —z1). At P =2MPa

and Ty = 400°C, hy = 3248.4 kJ/kg. At P, = 15kPa, hr= 225.94 kJ/kg and hg, = 2372.3 kl/kg.

(b) Determine the work done per unit mass of the steam flowing through the turbine.
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(c} Calculate the mass flow rate of the stream.

P1 = ZN[Pa, Tl = 400oC
Vi =50m/s, z; = 10m

:@] W, =5MW

Py = 15MPa, x; = 90%
Vo =180 m/s, z = 6m

IV. Consider an air compressor that receives ambient air at 100 kPa and 25°C. It compresses air to a pressure
of 1 MPa, where it exits at a temperature of 540K. Since the air and compressor housing are hotter than
the ambient surroundings, 50 kJ per kilogram air flowing through the compressor are lost. Find the
reversible work and the irreversibility in the process. (18%)
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Hint:
h; =298.6 kl/kg, h. = 544.7 kJ/kg, R = 0.287 kJ/(kg-K)

st =6.8631kJ/ (kg K), s}, =7.4664kJ/ (kg K)

V. Explain the following terms: (20%)
(1) Pure substance

(2) Triple point

(3) Allotropic transformation

(4) Specific heat at constant volume
(5) Kelvin-Planck statement




