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1. (25 points) Answer the following by circling the best answer and/or providing a simple calculation .

1) (5) Any adiabatic and reversible unit process is always:

(a) isochoric @sentropic

(b) isobaric (e) isothermal

(c) isolatent (f) isometric

2).(5) Entropy is always transferred with heat, and was defined by Clausius as the ratio:

(a) Heat Transferred: Absolute Temperature of the Surroundings
-_b) Heat Transferred:Net Work

(c) Heat Transferred:Boundary Work

(d) Latent Heat:Absolute Temperature of the Surroundings

(e) Enthalpy:Boundary Work

() Specific Heat:Absolute Temperature of the Surroundings

3) (5) Steam is expanded in a_reversible turbine which loses heat to the surroundings. The entropy of the

steam will always %
s5,-5 = b

a) Increase in proportion to heat transferred (d) Stay the same T
(b) Decrease in proportion to heat transferred (e) Cannot be determined = (’> 5
51 -5 I <0 ) 2 < !
t) Equal the entropy generated in the surroundings (f) Decrease in proportion to the work produced

4) (5) The entropy of an ideal (incompressible) liquid or solid undergoing an isothermal process:

(a) always increases (d) depends on the change in pressure
; 4 7=
(b) depends on the heat transferred e) always decreases / 52 ’g, ) = C/, ] ?
hi@ud :
(c) depends on the specific heat of the substance ( (f) glways stays the same /5-,((J
- -5°C
rf T227,, 727

5) (5) One of Carnot’s principles states:
(a) PV =mRT
(b) Entropy is conserved

@t‘aversible heat engines operating between the same thermal reservoirs have the same efficiency

y heat engines operating between the same thermal reservoirs have the same efficiency

(e) Efficiency of a heat engine is the ratio of the work produced to the heat rejected
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2. (25 points) Consider a Carnot heat engine using water/steam as the working

fluid, and having an efficiency of 28%. Heat is transferred to the working

fluid at

280 °C, and during this process, the working fluid changes from saturated liquid to

saturated vapor.

a) (10) Complete the table below and show the cycle on the T-s diagram.

1 2 3 4
T (X) H53 553 398 395
s(Kkg-K) | 3.0628 | 5557/ 5,8571 | 3,0688

Number the beginning end process states to be consistent with the table and use arrows
indicate process direction on the diagram.

to

T
0:28= |~ 553
T-s DIAGRAM FOR WATER /Q i
700 7::- 598’;&—- 5 ¢
650
600 -
—~ 550 1
< 500
© 450
400
350 -
300 1 —
01 2 3 45 6 7 8 9 10
s (kJ/kg*K)
5
b) (W) Calculate the guality at the beginning and end of the heat rejection process
X5= O8N =5F g 125 = 5.99(=/583 = 0,79
>H 5. 4962
Xy = 3.068% -5¢, )50 3,0M5 = 0.7
# Sfj 5.496 2
¢) (5) Calculate the specific net work of the cycle.
=4 32 K]

- (490425)@ el 50688) =

L Fildhak 7,27 (57%)=3

4)(s) Calew s

—/11

99(3.06%% - 5 757:

0 kl‘/tﬁ
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3. (25 points) A continuous flow device compresses air in a steady-state process with
an inlet flow rate of 60 m’/min. The initial pressure is 100 kPa at 27 °C and the final
pressure is 400 kPa at 120 °C. The compressor loses 50 kJ/kg heat to the surroundings
(at the same temperature as the inlet air).

a) (5) Calculate the power (in kw) required for the compressor, neglecting kinetic energy changes.
P /y ) 0 ’ "
7})«/\/’,’? \/,: /(90(%;) = Lo lé'j/ji -W :/,/béa][/'wgﬁi(lzoJ‘l)Afo
/ 0.227(300) S & _

Oy = (hh) = PET) W = o8l
mz _N= 7)56/(7;—7,‘) = —8I)-W | W= —16BEw 5,,/7M4)

b) (5) Calculate the change in the entropy of the air as it passes through the compressor (kw/K).

44’7(3»5,) — m [CPﬁn(]_%) /Q/n(%)]
= oy [ oazjuég > - 0.287 i (% )]
47%(9,_«9,) = —0./%4 —’%’

¢) (5) Calculate the entropy generated in the surroundings (kw/K).

Sgen= M575)= L = ~0.144 —(“00.10))
: 7 300

Sé}wz 0.04/75’%«

d) (5) Is this process, reversible? Justify your answer.

A/a, Seen > O
J

e) (5) Would the compressor work to these specifications if it were designed to be adiabatic? Justify
your answer.

No, for adiabahc comptsos, %m‘f”’ﬁ@'%) = ,0,/957/%

Pm[e;ﬁ ,/,u—au/i be /n';bosgfé‘/e 74,.; 558,%@
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4. (25 points) Please refer to the ideal Rankine cycle diagram below for a power plant
with saturated liquid at the condenser outlet: 60 kg/s of steam flows through system,
which operates between the pressure limits of 3 MPa and 50 KPa. The temperature at

the turbine inlet is 400 °C.

@ qhot
- ’\= boil%—l

condenser
>

qcold

a. (5) Draw a star next to all processes where energy transfer is proportional to the latent heat of
water/steam.

b. (5) Draw a box around any adiabatic unit process where the enthalpy of the working fluid

increases. Calculate the enthalpy increase during this process.
spelifcl

increases  cnihal
%Z_"f),: WP =V [/72"?/)

= 0.00/03 (3000-50)

f;z.,gl = 3.04 k?:j
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¢. (10) Calculate the thermal efﬁciencS' of the cycle.

#l @@50 = 340,44
340,44 + 3. oY = 343,523 /c:r/éﬂ

ﬁ = 32309 k% A-t @ 34pas %)
3

=3y = A Qh/.z k"’/yg

le = 692121091 _ 0,897
¢ 5029

}g =0, ?47(23o§7‘>4- 34v.49
= 2407. ‘y‘kr/

ﬂﬁ/ (ah) _ /__ (2414-30%)  — 5 204
(43,[,) (3230.9-343.53) (Z&‘/f)

d. (5) Calculate the net power output (in kw) of this cycle under the operating conditions given.

N 77””(/' A) 02%’4(&@@)(33309 345:53)

Wm} 49 227 kw
"~ 457,2. Y,



