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Energy Conversion — Exam II

School of Engineering — Dep. of Industrial & Mechanical Eng.

Name: ,S QQ“ C Kf&

Date: Tuesday, May 21°°2013; 06:00 PM
Location: ENG Attic

Instructor:  Dr. Wassim Habchi

Notes: No documents allowed 1 00
Value: 25% of Total Grade

Time: 2 hours

Problem I (25 points)

Water is the working fluid in an ideal Rankine cycle. Superheated vapor enters the turbine at
8 MPa, 480°C. The condenser pressure is 8 kPa. The net power output of the cycle is 100
MW.

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

b) Determine the rate of heat transfer to the working fluid passing through the steam
generator, in kW (10 points).
¢) Determine the thermal efficiency of the cycle (8 _points).

d) Determine the mass flow rate of condenser cooling water, in kg/h, if the cooling water
enters the condenser at 15°C and exits at 35°C with negligible pressure change

(5 points).
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Problem II (25 points)

A vapor-compression refrigeration system circulates Refrigerant R-134a at a rate of 6 kg/min.
The refrigerant enters the compressor at - 10°C, 140 kPa, and exits at 700 kPa. The isentropic
compressor efficiency is 67%. There are no appreciable pressure drops as the refrigerant
flows through the condenser and evaporator. The refrigerant leaves the condense;\at 700 kPa,

e gk L.

a) Sketch a T-s diagram of this cycle (5 points).
b) Determine the coefficient of performance of this refrigerator (10 points).

¢) Determine the refrigerating capacity, in tons and in Btu/h (10 points).
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Problem III (20 points)

An ideal reheat Rankine cycle with water as the working fluid operates the inlet of the high-
pressure turbine at 8000kPa and 450°C; the inlet of the low-pressure turbine at 500 kPa and
500°C; and the condenser at 10 kPa.

a) Sketch a T-s diagram of this cycle (3 points).

b) Determine the mass flow rate of water through the cycle if the net power output of the
system is SMW (10 points).

¢) Determine the thermal efficiency of the cycle (3 points).

Solution:
0= Qg wue = (S0 Kl ) od U= VPR torbe = 0.000(0 M
| : g

\

= A94. 8 + O-OO(DtO(QOOO—Lo) et [Ajs 24 KJ/I?”‘)

| 'Qf\'a_: g\\ Jrﬂ}\(_Pq_..p\

b 1233 8 KrlKe 7
Sz = £.S638 Kgl%. k

. @@ . P,= Qooo ue._z
s

’13 —= LSo°C_

P®: K=okl

Se=5;= G-GS’H’CI/MI.I( <_5 S% L By £ S¢

Loz 2-S6 . 66538 Lol _ 4.9(3
S%ﬁ (.%o

:::’\e\t.-:. e.%—t- X Q\%.g—; CLo.DA + 0.8(Fx QWL = |236. % Kﬂlﬁ]

' 05 = o0 Whe_
e@ - Tioc Z‘—"’ e’s - 3L4.s K;/lﬁ./j
¥ = See”"C |

Ss = £.0€483 KJH%K
€©‘\ Pg: IOKPe_
Cc= S¢ = £.08%%3 KS”?’K Z-—» Sk—<3( 483

Ye = Ef_-_gf’_ -~ fo882_ 0682 _ 992
< ~ O.
o ? (9%

=\ Y - ﬂg-ﬂds 55; = 494. 4/ ©.992x 2352 .} = @M-??K;’/IQ

5




Lebanese American University MEE 302 — Exam 11

tc’\

a.) /\'( g
Soo } - - T 7
LSe b~ ==

b) O, 4 = SWO = So00 K

by Wb = W — Yy
™,

A

tr Ve~ Ppp

- (-0 -8 .- )

-5 (;.)Md's'jf

Cooo

bl ool -0y i d 30903 226.266 + QUBL.S- 25607 -113G

: + A44. &
“M‘: 3H23Kfﬁ7
g Vh& = w«d,od' = Sooo i Soo0
— 2636.2¢¢

- lv\&_—_ 0.33LF ~ 39.5 /.




Lebanese American University MEE 302 — Exam Il

e £ T Do T a2 IO

Problem IV (30 points)

Consider a two-stage cascade refrigeration system where both stages use refrigerant R-134a
as the working fluid. The upper cycle operates between the pressure limits of 1.0MPa and
0.4MPa while the lower cycle operates between the pressure limits of 0.5MPa and 0.IMPa. If
the mass flow rate of refrigerant through the upper cycle is 1kg/s and the isentropic efficiency
of both compressors is 90%:

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

b) Determine the mass flow rate of refrigerant through 'the lower cycle (10 points).
¢) Determine the rate of heat removal from the refrigerated space (8 points).

d) Determine the total power input for the compressors (3 points).

¢) Determine the Coefficient Of Performance of this refrigeration machine (5 points).
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