3102

>

2B



111
(0531)

310

Problem 1. Water is transformed from the saturated vapor ate the saturated liquid
state in a container with constant pressure at 0.1 MPa. This process occurs by a heat
ansfer Aqg'acroiss e contain  wall the environment at To= 20 C. When p

kilogram of water is transformed, calculate 0%):

(a) The entropy change of water. (4 pt)

(b) The entropy change of e environment.  pt)

( The entropy generation of the container. (3 pt)

(d) Show atthe entropy generatio ofthe container is relatecHo the temperature

difference AT=TET as:
)gen 1 LCa AT)7>at. Py
( Basedo eanswerin (d), how can we minimize e entropy generation? Is

there a limitation?  pt)

The selected properties of water are listed below.

P, MPa Tsat, °C hf, kJ/kg hg, kJ/kg
0.1 99.61 417.50 75.00

Problem 2. A heat pump is applied warm up aroom. Refrigerant R-134a enters e

condenser of the heat pump at 800 kPa and 55 °C at arate of 0.018 kg/s and leaves at

750 kPa and 26 °C. After e condenserlithe refrigerant go through e expansion

valve and the evaporator, then enters the compressor at 200 kPa and -6 °C. Determine

(15%):

(a) The rate ofheat supplied the room. (5 pt)

(b) The COP ofthe heat pump. (5 pt)

(c) Whatis e highest COP at can be achieved if the temperature of condenser and
evaporator are kept the same as the current cycle? (5 pt)

The selected properties of R-134a are supplied below.

P.kPa Tsat, °C hf, kJ g hg, ki/kg
200 -10 38.43 244.46
750 29 92.22 266.20
800 31 95.47 267.29

Cpofliquid -134acan be assumed as constant of 1.23 kJ/kg.K, but it changes wi
temperature (Cp = 0.19 + 256 X 1 -3 130 X1 -6 2 kd/k IC)when

superheated.



111
(0531)
10

Problem 3. A rigid tank of volume Fis to be filled wi an ideal gas. Initially the gas
in the tank is at Pi and Ti. e ideal gas enters the tank at Pin and Tin. The process is
adiabatilJ Prove at the final temperature T2 is:

m - PD , Pu

( n) 2°
where fc = Cp/Cp. (15%)

Problem 4. Normal decane (C1oH22) is a fUel component in gasoline and kerosene. In
a combustio lab, you are asked to program a detector that can calculate e actual
equivalence ratio (and percent eoretic air of ireactants from the dry product mole
fractions measured in burned gas of CioH22. The product mole fractions currently are
known  be 83.61% 4.91% .02, 10.%% C 2 and 0.92 7 CO. FoUow the steps
below complete the task. 0/ ; 4 pts each)

(a) Write out e mass balance r e chemical reaction.

(b) Calculate e air/fUel ratio at e s ichiometric combustion.

(c) Obtain e mass balance coefficients for C and N'in e actual combustion

condi on.
(d) Calculate the air/ el ratio at 6 actual combus on.

(e) Calculate ( and percent theoretic air of reactants.

Problem 5.

The ankine.cycle or ankine Vapor Cycle is e proc s widely used by power

plants such as coal-fired power plants or nuclear reactors. The pictures below show
e components of a ankine cycle (left) and its T-S agram (right) wi an ideal

operation. Answer e questions below: (15°/ ; 5 pts each)
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(a) Sketch the deviation of actual vapor power cycle rm the ideal Rankine cycle
in 6T-s diagram shown above.
(b) A steam power plant has a hi  pressure of 5 MPa and maintains 50°C in the
condenser. The boiler exit temperature is 600°C. All the components are ideal
except the turbine which has an actual exit state of saturated vapor at 50°C.
Calculate the turbine isentropic efficiency.
(c) Following (b), you are asked  calculate the cycle efficiency wi e actual

turbine. Hint: 6 pump work can be calculated by the product of constant

specific volume and pressure difference.

Superheated Vapor Water

(0 g -
5000 kPa (263,990
S 0.03944 2597.12 2794.33 5.9733
600 0.07869 3273.01 %66.47 7.2588
Saturated Water
nthalp kJ/kg Entropy, kJ/kg-K
SW. S
Temp. Press. I Evap. Sat. Vapor - Evap. S Vapor
c) (kPa) Liquid (h (ho) Liquid (sfg) o)
) & 4
50 12.350 209.31 2382.75 2592.06 0.7037 7.3725 8.0762
Saturated Water
Specific Volume, n kg Intelnal Energy, K/kg
Temp. Press. _Sat.. Evap. S Vapor S . Evap. S Vapor
(o) (kPa) Liquid v Liquid W)
(Vf) (Vfg) (Vo) (Uf) (Ug)
50 12.350 0.001012 12.0308 12.0318 209.30 2234.17 2443.47
Problem 6,

You are asked 10 evaluate the performance ofa disk brake o arunning car. The 10-kg

irondisk brake is initially at 1(TC and increased  110"C after e brake is engaged.
The specific heat of e iron is 0.45 kJ/(kg-°C). (15/ )

1. Determine e availability of e disk during is braking action. What does

the availaWlity mean in this process? (10 pts)
2. Determine e energy atneeds Dbe taken from e gas tank of e car
operati g e brake. (5 pts)



