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Problem I (30 points)

An ideal vapor-compression refrigeration cycle operates with Refrigerant 134a as the
working fluid. Saturated vapor enters the compressor at -10°C, and saturated liquid leaves the
condenser at 28°C. The mass flow rate of refrigerant is 6 kg/min.

a) Sketch a T-s diagram of this cycle (5 points).

b) Determine the specific enthalpy / of the refrigerant at all points in the cycle and the
compressor power, in kW (7_points).

¢) Determine the refrigerating capacity, in kW (3_points).

d) Determine the coefficient of performance (3 points).

¢) Using the definition of the Joule-Thomson coefficient:
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And assuming that the equation of state of refrigerant 134a is:

P(v+a)=RT

Where « is a constant positive number, determine whether the refrigerant temperature
will decrease, increase or remain constant during the throttling process (5 _points).

f) Using Clapeyron equation (j—?]

h . ‘g
=2 determine the enthalpy of vaporization of
T py p
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the refrigerant at -10°C. Compare the obtained value to the tabulated one (7_points).
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Problem II (30 points)

Consider a reheat—regenerative vapor power cycle with two feedwater heaters, a closed
feedwater heater and an open feedwater heater. The cycle and its corresponding 7-s diagram
are shown below. Steam enters the first turbine at 8.0 MPa, 480°C and expands to 0.7 MPa.
The steam is reheated to 440°C before entering the second turbine, where it expands to the
condenser pressure of 0.01 MPa. Steam is extracted from the first turbine at 2 MPa and fed to
the closed feedwater heater. Feedwater leaves the closed heater at 205°C and 8.0 MPa while
the steam extracted from the turbine exits the closed feedwater heater as saturated liquid at
2MPa which is then throttled into the open feedwater heater. Steam extracted from the second
turbine at 0.3MPa is also fed into the open feedwater heater, which operates at 0.3 MPa. The
stream exiting the open feedwater heater is saturated liquid at 0.3 MPa. The net power output
of the cycle is 100 MW. Determine:

a) The specific enthalpy 4 of the water at states 1 to 13 (13 points).

b) The fractions of steam y’ and y’* extracted from the turbine (7 points).

¢} The thermal efficiency (7 points).

d) The mass flow rate of the steam entering the first turbine, in kg/h (3 points).
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Problem III (25 points)

A regenerative gas turbine with intercooling and reheat operates at stcady state. The
corresponding cycle and 7-s diagram are shown below:
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Air enters the compressor at 100 kPa, 300 K with a mass flow rate of 5.807 kg/s. The
pressure ratio across the two-stage compressor is 10. The pressure ratio across the two-stage
turbine is also 10. The intercooler and reheater each operate at 300 kPa. At the inlets to the
turbine stages, the temperature is 1400 K. The temperature at the inlet to the second
compressor stage is 300 K. The isentropic efficiency of each compressor and turbine stage is
80%. The regenerator effectiveness is 80%. Determine:

a) The specific enthalpy 4 of Air at states 1 to 10 (10 points).
b) The thermal efficiency (5 points).

¢) The back work ratio (3 points).

d) The net power developed, in kW (3 _points).
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Problem IV (15 points)

The combined gas turbine—vapor power plant shown below has a net power output of 45
MW. Air enters the compressor of the gas turbine at 100 kPa, 300 K, and is compressed to
1200 kPa. The isentropic efficiency of the compressor is 84%. The condition at the inlet to
the turbine is 1200 kPa, 1400 K. Air expands through the turbine, which has an isentropic
efficiency of 88%, to a pressure of 100 kPa. The air then passes through the interconnecting
heat exchanger and is finally discharged at 400 K. Steam enters the turbine of the vapor
power cycle at 8 MPa, 400°C, and expands to the condenser pressure of 8 kPa. Water enters
the pump as saturated liquid at 8 kPa. The turbine and pump of the vapor cycle have

isentropic efficiencies of 90 and 80%, respectively. Determine:

a) The mass flow rates of the air and the steam, each in kg/s, and the net power
developed by the gas turbine and vapor power cycle, each in MW (10 points).

b) The thermal efficiency of this combined cycle (5 points).

Qila
L
Combustor T,=1400 K
2 3 pi=p=1200kPa
N, =84% . ) n, = 88

Gas turbine

Compressor Turbine |4 = i
W as =
= 7 - B T
N 7,=300K '
+1 py =100 kPa
Air inlet 4

Exhaust ~=}—f—
r-0k > | UUUUUV]

ps= p:=100kPa ﬂwm
' o~ Ty =400°C

: % I pr= E\ MPa
Heatexchanger - 7, =90%
- Turbine —3 >
+6 Vapor s | Wiap=
L ‘g‘f* e W

Pump Condenser N\ 0,

A_____(C“‘\\- 9 I
N —

n,=80% Py =pg=8kPa

/1'\._._'SQOK _— @: 3o0,1% \(8‘@] )A Pr\—:_ A.%4¢

f’:‘_'. = o A200 = b— ‘Qf‘L T-'-ﬁf‘of“ = L« 4.38¢ =

a—

A =

s

-

== Q\g,s _éqo VD Ka‘ /)(F

l6.632

10




MEE 302 — Final Exam

Ly e = O_‘}i:_g‘_-: 0.9¢ — S g - G e QA.

@\,__.2‘. o.%4
'e\-._-.-_ \;luég —-190-\}_*103.\3
o. R4

B < ¢8.15ualy

Lebanese American University

@@ 1y = “.;Bob( —_ \E—_‘: AS’SGZ k‘r/ﬁ;? ?5 sz.___hgo.s

e Ao (2

=
—

AN PAN

lod" f],r-:, e‘?— g‘ﬁ -_ 0.48 —> em-: 971-— o,&E(ER_QQQ
63 -4
3 ~Ays - AL L7 _a.gg“ﬂf.bl _161,113

"’"‘P‘ = £S 8. vel Kllb‘a‘l

3®: Ti=kook — ;= L0048 LcJ/k57

2@ Ta=loo'c (__a }g\q__ 2L kg g

& - P
SR« Ps=tve) | g b = 72762 K
; k. L. z 3 @ J/lﬁ‘y

. 9\3 + Uy (&_ P.a) — A?2. 262 + 0.00l008\ (‘{ooo_. K)g
o Aer= Ml L2 Kyl

e b b g B Rl d= i

9\4. - Gs o.2 o.%
+A433.3¢2

== /fff.t,_?(,r/cJ/g, ]

1



Lebanese American University MEE 302 — Final Exam
. S = 9.5%04% Kx\\.ﬁ.,l(

QP
@ . Ve AR '(% ss = 29288 KJ”%"K
Se= Sa=6.3¢58 K;lK%.IL

o3 g SB6H8-0SSokl ade s asrss
2922384, —o.S%014%

4348 37
i K g+ 2us bgg = 193 2¢2 4+ 0.6« 2ko2 .66 = %{&AK;{ZS

bl o= RecBe 4o Reofy - 03(ba-82)

Ba - Ba 198533
d2 = 224 —0. 23384 — 2R

R

{9\:. = 2106 236 gl

Emlaoon_u_ T~ Qu.cd- @-'7“-0’*‘-——{10\'_
o (b - 85) = my, (4o - Be)

Mg Db 8Sg.0¢c — koo.$€

hed 0 = GSHO = gt (8,8 00 oB)+ Moo Be—bes 4
W ESals o Chbh nkuLI.CJf.t,?.-&Sg.one_gég"lgh?oo.l%)
+~L\u(3¢35.t. _ 2104 BE_ 18324745 + 173, ’362)
kS¥xlo® = 6L ¥ xmux 207.9) + mgx A0Q4L R8¢
@:«w = /(f.,@ﬁ/r ] o fn:aw = 6.L6FF » 1S :top,@quj/f]

w,w 6.6 5 mwx 29231 _ 2398049 KW :ﬂ.{zseﬁwf
o D voph - o OB =GB A2 K 2 i ] LS — b,

3» ()-l& = w"-j — _E‘__{f_io_j_———————" == _Eif_"?_o-—————-——-—— = Oggg ‘:_FZ?H“/.&

Q@ Ml x (%—@Q 0], (1S 15Uz -
6¢3-34




	Final_Exam 1
	Final_Exam 2
	Final_Exam 3
	Final_Exam 4
	Final_Exam 5
	Final_Exam 6
	Final_Exam 7
	Final_Exam 8
	Final_Exam 9
	Final_Exam 10
	Final_Exam 11
	Final_Exam 12

