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i. True/False questions: {please answer: (O or X ) [20%]

(1} A sysiem with uniform temperature is calied mechanical eguilibrium, (1%)

(2) For an open system, mass and energy can flow infout freely. (1%)

3} Fora closed system, both heat and work can transfer cut. (1%
Y ;
(4) During an adiabatic process, temperature is constant. (1%)
(5) During an isobaric process, pressure is constant. {1%)
(6) During an isochoric process, volume is constant. (1%)
(7) If this power cycle is irreversible, the cycle efficiency can be determined by:
Ty = 1 wT—C, where T. is cold reservoir temperaiure, Ty is hot reservoir
H
temperature(1%)

(8) Intensive properties may change with time and position. (1%)

(9) Entropy is & state function only under a reversible process, and therefore for
an irreversible process, entropy becomes a path function. (1%)

(10) Work and heat are properties. (1%)

(11) Entropy cannot increase if there is no heat fransier across the system
boundary. (1%)

(12) Extensive properties can be directly measured by a local measuring probe.
{(1%0)

{13) Thermal efficiency (#) is always < 1. (1%}

(14) For compressor W<0; P>P; , where P, P; represented exit pressure and inlet
pressure (1%)

(15) Based on the definition of Coefficient of Performance (C.Q.P.) of an ideal
heat pump (y), y is always = 1. (1%)

(16) For a closed system undergoing a cycle, the net work output equals to the net

heat input. (1%)

\
it

(17) For reversible heat engine, §( <07 (1%)

°N
S rev

~3

(18) For reversible heat engine, §5Q >0 (1%)

(15) For turbine W>0; P.<P;, where P, P; represented exit pressure and inlet
pressure (1%)
(20) Is it true for A=U + TS (1%)
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Fig. 1 shows a simple vapor power plant operating at steady stzte with water as
the working fluid. Data at key locations are giving on the figure. The mass flow
rate of the water circulating through the componert is 109K g/s. Stray heat
transfer and kinetic and potential energy effects can be ignored. Assume the
friction pressure drop in steam generator and condenser can be neglected as well.
Assuimne the average specific volume of the liguid water shrough

1.4x107 K g), 1bar=10"Pa _[20% )

be pamp is

Determine:

(a) Evaluaie Fy (1%) and P; in bar (1%)

(b) Enthalpy on state 2 hy in KJ/Kg {1%), entropy on state 2 s; in KJ/Kg K (1%)
(¢) The mass flow rate of the cooling water, in Kg/s {1%)

(d) The turbine work W, in KJ/s (1%), the pump work W, in KJ/s (1%)

(2) Evaluate T4 {1%), s4 KI/Kg K (1%), hy in KJ/Kg (1%) and Qm in XJ/s (1%)
() Thermal efficiency ny, of the cycle (1%)

(g) The rate of entropy production, each in KW/K, for the turbine (1%),

condenser (1%)

(h)y 1f
end adiabetic, {ry to evaluate the temperature Tsq (1%), and iseniropic
enthalpy hys at state 4s in KJ/K g (1%).

4s represented the isentropic state 4 if the pump can be assumed reversible

(i) If2s represented the isentropic state 2 and if the turbine can be assumed
reversible and aciabatic, try 1o evaluate isentropic quality %2 (1%) and
isentropic enthalpy hys (1%) at state 2s in KJ/Kg
() The Isentropic Efficiencies of pump 1, {1%) and Isentropic Efficiencies of

turbine 1 (1%0)

Properties of superheated water vapor

Properties of compressed liquid water

£=100bar=10.0MPz; T, =311.06C

| P=100bar=10.0MPs; T,,=311.06"C

TCCY | h(KJ/Kg) |sKIKgK) T v x10° h s (KJ/Kg.K)
480 3321.4 6.5282 (C) |m'Kg (KI/Kg)
520 | 3425.1 6.6622 20 13 9333 | 0.2945
560 | 3526.0 6.7864 20 |14 17638 | 0.5686
80 |15 342.83 | 1.0688

2
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I Properties of satursied water
(P T vex10® 1V | he hg h, s : Se
(bar | T m/Kg  |mY/Kg | K/Kg | KIKg | KIKg | KIKgK | KiiKgK
0.04 12896 |1.04 13482 |121.46 | 24329 | 25544 | 0.4226 | 8.4746
10.06 [36.16 | 1.06 23736 | 151.53 [ 24159 [2567.4 | 0.5210 | 8.3304
0.08 | 4151 |1.08 i8.101 | 173.88 | 2403.1 [2577.0 | 0.5926 | 8.287
0.1 4581 110 | 14674 191.83 | 2392.8 | 2584.7 | 0.6493 8.1502
02 6006 [1.12 1 7.649 |251.40 | 23583 | 2609.7 | 0.8320 7.9085
03 691 114 5226 1289.23 | 2336.1 | 25253 | 0.9439 | 7.7686
04 17587 116 13993  317.58 [ 23192 | 2636.8 | 1.0259 7.6700
0.5 18133 1118  |324 34045 [2305.4 | 2645.9 | 1.0910 7.5939
| Properties of saturzted water
‘T | P V100 |V, | by B |, | s s,
- % o : I
LT | bar m'Kg | m/Kg | KI/Kg | Ki/Kg |KJ/Kg | KI/KgK | KI/KgK
20 002339 | 1.02 57.791 | 83.96 | 2454.1 | 2538.1 | 0.2966 8.6672
25 [0.03169 | 1.03 43.36 | 104.89 [ 24423 | 2547.2 | 0.3674 8.5580
30 [0.04246 | 1.04 32.804 [ 125.75 | 2430.5 | 2556.3 | 0.4369 8.4533
135 10.05628 |1.05 25.216 | 146.58 | 2418.6 | 2505.3 | 0.5053 8.3531
(40 10.07384 [ 1.07 19.523 [ 167.57 | 2406.7 | 25743 | 0.5725 82570

Qm

F;=100bar
T1=520°C

Fower out

i e ; Cooling water in
|| generatr | At20°C
4
Condense
— P,
o Cooling water out
At 35°C
L ¥ ?
: Power P 3—(} Abar
in Saturated liquid
Fig. 1
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Water is frorn staie {10) to staie (3). Show as in following figure 2. Assume water
volume expansivity o, and Isothermal compressibility Br are constant.

" 1(8V)
Define: expansivity is constant: o i |
- v.\aer ),
R ST SN 1 T av
isothermal compressibility: g, :m—{ —),
vV 9P

As the following figure, Given known data: Vi3, Ve where Vs, Vi g represented
liquid specific volume at state 3 and state 10 respectively. Tz, Ts, P3, Pio, &, Br are
s 5 N el Pmntd & s e " 1 Vo
known, Cris the liquid specific heat which 1s known as well_[20% ]
Determine from the given date, evaluaic the following:
(&) Evaluate internal energy change Au, g3 from state 10 to state 3 (4%)
Ay "

Assume ] AV can be neglected
(b) Evaluate enihalpy change Ahjg s from state 10 to state 3 (4%)
(c) Ewvaluate the entropy change 45403 from state 10 io state 3 (4%).

(d) Evaluate the entropy change AS; g from state 3 1o state § (4%).
{(e) Evaluate the enthaloy change Aus g from state 3 to state & (4%
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Figure 3 shows a tank having & volume of 1.021 m’ initially contains water as a

two-phase lignid-vapor mixwre at 300°C and a quality of 0.8. Saturated water

vapor 2t 200°C is slowiy withdrawn through a pressure regulating valve at the top

of the tank &s energy is wansferred by heet to maintain the pressure constant in the

tank. This continuss until the tank is filled with saturated vapor at 300°C . Neglect

all the kinetic and potential energy effects. _[20% 3}

You raight use the following TABLE A-2 10 determine:

{a) Writc down the energy balance equation, for Q with function of m;, 1), ms, v

and he, where m 18 the initial mass of fluid in the tank, u,; 15 the initial internal

energy of the fluid in tenk, m; is the final mass of fiuid in the tank, u, is the
final internal energy of fluid in the tank, h. is the exit enthalpy of the fluid
(3%)

(b) The specific volume at initial state in (m3/1{g} (2%}

(c) The mass r; for initial state in Kg (1%)

(d) The total internal energy for initial siate U; in KJ (3%)

(&) The mass m; for final state in Kg (2%)

() The total internal energy for final staie Uy in KJ (2%)

{g) The amouni mass expelled from tank (2%)

(h) The amount of heat iransfer, Q in KJ (3%).

(i) Please draw the T-S diagram from state 1 to state 2 (2%)

Pressure
. regulating valve 5

o,

le j g
I E
%

! B

| Saturated water- %

1 vapor removed, g

i while the tank g
| | : y
! | is heated §

| B

l a

| o
| I % i i
| ]| ST, 1 !
i Y F l
| A
‘ = i :
i Initial: two-phase Final: saturaied vapor |

. liquid-vapor mixture

Figure 3
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Hint; prove work is inexact differential equation
(b) What is iseniropic process {1%) and gives the requirement for the isenwropic

]
(2%)
(¢) Which thermal property is constant at Throtiing process (2%)

(d) Write down Joule -Thomson coefficient with function of (P,V,1,C;) (2%)

(e) Write dowa the Clausius Inequality equation (2%)

(f) Given Two temperature reservoir Ty and Ty represent high temperature and
low temperature respectively, please draw P-V diagram for the Carnot Ideal
Gas Power Cycles, also please mark Qu (heat absorb at high temperature
reservoir) and Qp (heat reject at low temperature reservoir) and the
thermodynamic behavior (such as isothermal compression ete.,) on each step.

(6%)



