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1. The following figure shows a cogeneration power plant operating in the
thermodynamic cycle at steady state. The plant provides electricity to a
community at a rate of 80 MW. The energy discarded from the power plant by
heat transfer is denoted on the figure by Q. Of this, 70 MW is provided to the
community for water heating and the remainder is discharged to the environment
without use. The electricity is valued $0.08 per kWh. If the cycle thermal
efficiency is 40%, determine the following:

() the rate energy is added by heat transfer, Q,, in MW; (5%)
(b) the rate energy is discarded to the environment, in MW; (5%)
(c) the value of the electricity generated, in § per year. (5%)
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2. An inventor claims to have developed a power cycle capable of delivering a net
work output of 410 kJ for an energy input by heat transfer of 1000 kJ. The system
undergoing the cycle receives the heat transfer from hot ga.SES at a temperature of
500 K and discharges energy by heat transfer to the atmosphere at 300 K.
Evaluate this claim. (10%)

3. A stationary piston-cylinder device contains 2 kg of air at 27°C and 100 kPa. The
air is now compressed to a pressure of 500 kPa according to the relation PV =
constant. Determine the following:

(a) the initial volume of air. (5%)

(b) the final volume of air. (5%)

(c) the work input during the process. (5%)

(d) the change in total internal energy of the system (U). (5%)
(e) the amount of heat transfer (Q) during the process. (5%)
Gas constant of air, R =0.287 kJ/kgk
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4. Alr enters an insulated turbine operating at steady state with a pressure of 4 bar, a

temperature of 450 K, and a mass flow rate of 15 kg/s. At the exit, the pressure is
1 bar. The isentropic turbine efficiency is 85%. Neglect the kinetic and potential
energy effects. The temperature and pressure of the environment are 300 K and 1
bar, respectively.

(a) Sketch both the isentropic and actual processes on a 7-s diagram. (5%)

(b) Determine the power developed by the turbine, in kW. (5%)

(¢) Determine the exergy destruction rate, in kW. (5%)

(d) Determine the exergetic turbine efficiency (2nd law efficiency). (5%)

. Air enters a window air conditioner at 1 bar, 30°C and 80% relative humidity at a

dry air flow rate of 10 kg/min, and it leaves as saturated air at 15°C. Part of the

moisture in the air that condenses during the process is also removed at 15°C.

( R=8314 ki/kmol-K; M, =2897 kg/kmol ; M,,. =18 kg/kmol)

(a) Determine the humidity ratio of the air at the inlet of the air conditioner, in kg
water per kg dry air, using given property table. (5%)

(b) Determine moisture removal from the air, in kg/min, using given property
table. (6%)

(c) Determine the rates of heat, in kJ/min, using given psychrometric chart. (9%)

. Helium undergoes a change of state from 100 kPa and 20°C to 600 kPa 300°C.

Determine the change in the enthalpy using the state equation p(v-a)=RT

where a = 0.01 m*/kg. (10%)

Given dh=c,dl +|:v - T[%J :Jdp . Assume ¢, =52 kJ/kg-K is constant.
5 .









