MULTIPLE CHOICE SECTION, PROBLEMS 1-4 [2 POINTS EACH]
Please select one answer for all questions. '

(1)  The major performance gain of an absorption refrigeration system is:
Replacing a vapor compressor with a liquid pump
b) The use of a regenerator between the generator and absorber
¢) Heating of the generator with an external heat source
d) Cooling of the absorber with an external energy sink

Please refer to the cycle below for problems 2.

A vapor-compression heat pump cycle with
R134a as the working fluid maintains a building
at 20°C when the outside temperature is 5°C.
The refrigerant mass flow rate is 0.1 kg/s.
Additional steady state operating data are

i
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= o provided in the table.
5 t 1 D
L AAA State | Temperature | Enthalpy
y 1 -10C 244.1 kJ/kg
- 2 35C 272.0 k] /kg
3 30C 93.4 kJ/kg
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(3) The Clapeyron equation is used to
a) Derive the Maxwell equations
@Determine the enthalpy change associated with phase transformations
c) Compute the relation between the specific heats ¢, and ¢,
d) Compute the thermal expansion coefficient

4) According to the Gibbs relations, which of the following is true for the entropy of vaporization?
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(5) [4 points] Use the below water P-h chart, estimate the Joule-Thomson coefficient at P
=350°C.
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(6) [18 points] The air standard refrigeration cycle shown in the figure below incorporates a well-
insulated heat exchanger to cool the air before it enters the turbine. The cycle operates between the

pressure limits of 100 kPa and 1.3 MPa with a mass flow rate of 0.2 ‘,‘Efs- The following temperatures are
given: T, = 292 K, Tp = 222 K and Ty= 284 K. The turbine has an isentropic efficiency of 100%. The
compressor has an isentropic efficiency of 85%. Assume the air has constant specific heats:

(cp = 1.005 ki/kgK and ¢, = 0.718 kJ/kgK).

a) (5pt) Draw a T-s diagram in the space provided. Be sure to label state points 1, 2, 2s,
b) (4 pt) Calculate the rate of heat removal from the refrigerated space.

c) (4 pt) Calculate the coefficient of performance (COP) for the cycle.

d) (5 pt) Calculate the total rate of entropy generation in this system. Qi, is absorbed from the

refrigerated space at 230 K and Qgu is rejected to a thermal reservoir at 290 K. What percentage of

3,4,aandb.

the total rate of entropy generation in the system occurs in the heat exchanger?

O Heat ‘ A
Th =222K exchanger T

b e

"
i Iﬁ{_\\
g e ‘;’ b’
4 gl cycle L
. Tél;ine K= ch = o Campressor Comhan Misle2 Placirs s) hagher 0)
St (e-0/K Si@ ) d. Total rate oF enbropy
e O
T ) (" %) 2 ot Ge
Tzs - .M ekl s :r'—‘L = (F)E) S‘J&’er’m = FO9q eV 224 KM
= = ( loo ks 2308 _ oaok @ 23R
AsHK T. = 052K P e
A 541K A {Sqe’"-'.l'oh =0 147+ K"‘/ﬁl
as .
Wy = e A o h - ?d Entr B«qu;w;{:cf
’?L = T__I'ﬁ_'-——-——: -‘T: ID” Q"“ ﬁhﬂ( b LH) Hes E.()-f;g\mz&/ o

Mb_'ﬁ‘)
Q?r) = Qa,"f K/

Ce -’:4@_H’1cd I
Qat = mha-ha)
G-L" = ”:‘CPCTL *Tq)
Qf"‘“ = F0.9G kw/
Wy = Qoa= Qi = 1853 W/
.ﬁ?eﬁ’bd 7
Wier = m(hamh)-m (hy-Thy)
Wrex = o (Tu Ty -raco (T3 Te)
Wher = 4655k

.85 - 5q] - 254
Ta—254

To= GH5.ISK
SL.%&CJ
Conservahen 6 Eﬂe{_‘}j
on Heat &= wchsnee,—

m(h, “”13\ = A lh, _hh\
M (Ta-T3) =G (Ti-Te)
Ty = Tgq +Tp =T,
T» = (42 +222-284)k
Tg = A0K

?;m = Scum_ *‘Sﬁen: Al 75 ::"é
g‘ler:;h: Son— gin
S"_)“‘n,hx = F"‘(S-‘SQ *rh(Sv, —Q;j
Senux ﬁ‘[%l”(%\ 'KI"%}
fm[cl'""(%-iS- RL{%‘S

erhn T—C!-OO[SLII Ewirk

0. Q0I5Y gy /
(0'"1 u:,‘;k) {iwg) =




