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Basic definitions

¢ COI:)Ref: QL/Wnet
¢ COPHP: QH/Wnet

Refrigeration / cooling capacity is
defined in terms of Ton of refrigeration
Definition: The capacity of a refrigeration
system that can freeze 1 ton (964 kg) of
liquid water at 0°C into ice at 0°C in 24 h

1T =211 kd/min = 3.52 kW
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The reversed Carnot Cycle

l
COPR camot = T,/T, — |
COPyp camot = l |
| — T, /1y
Qu=(h3—hy)
Q, = (h,—h)
W, = (hs—hy)

Wep = (hy—hy)



Practical difficulties
« /00007

() Problem associated with wet vapor
compression (2—3) and expansion in a
rotary expander (4—1).

(i) Work output of the isentropic expansion
(4—1) is too small to justify the cost of the
expander.



Improvements over the reversed
Carnot cycle

e In a basic vapor-compression refrigeration
cycle, the refrigerant enters the compressor as
a saturated vapor (and not wet) so that the
compression in the compressor is trouble-free.

e An expansion valve replace the turbine and
hence, the isentropic expansion is replaced
with a throttling process.
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Ideal vapor compression refrigeration

cycle
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[sentropic compression in 4 compressor
Constant-pressure heat rejection in a condenser
Throttling in an expansion device
Constant-pressure heat absorption in an evaporator

(h,—hy); w,, =0



§ QUUI
<

3 2
Condenser
n
P - h d I a'g r al I l Expansiou Compressor e
valve
Evaporator
) JUUUUUL l
- 4 Saturated or
T Ts “ g superheated vapor
T .
I Qm
' P-frdiagram for R134a refigerant
i 4MPa : : : :
] . : : .
i ShAPa .o ] Ao 00 UURTRTTI P UUUUU O s
3- | Temperature of : : : : 8uc
i I warm region, Ty ] : : : : :
"x 1 pdPal...... ................. ............... ................ .................. ................
| K N . . .
i\ | i
\ . Temperature of
: ) o
f,I' y \\_,n' cold region., T WP
/ o - Lo
R ERCITITT: SETITLIN RSV S PRI e
5 T e oo 20T/ L
5 00kPal - b e _, .................. .................. . .................. , ............... TEPRPRL PPERRRY 'Y
IS W N A A NaWa. Ll TR R A
P & L
P/ T IS SO 0 S . T ST O 000 SOUOO VUL OO0 WU VONNE A WO I
Condenser : 200kPa |- oo oo AR IS W 1 O W
3 pressure p : : : :
- e : IS
1 - P : : Entropy
/ S kdIKkgE)
| tokPal Y JUUURO R FOTTY I o FEUT SURRT S Y D E4 R AU R ot RO g
| Evaporator /Y2 __ﬁﬁﬁﬁ\ﬁffﬁ N
| pressul'e | L . : : Efee e : ]_ZI].I:Iﬂ.'I:_-.-'iI.'..'.'.'I.
& | | EOkPa L | | 1 Ll } 1
5 | ] 50 100 150 200 250 300 350
' Enthalpy[icd { k)
coment? p-h diagram for R134a

A typical actual refrigeration cycle on T-s and p-h diagrams



ldeal properties of a refrigerant
-

Low boiling point and low freezing point
Low specific heat
High latent heat

Psar 1N the evaporator and condenser should be low (to reduce the
material cost) and must be positive (to avoid leakage of air into the
system)

Critical pr. and temp well above the max operating p and t
Low specific volume

High thermal conductivity

Chemical stability: must not react with the metal or lubricant
Non-flammable, non-explosive, non-toxic and non-corrosive
Environment friendly

Cheap and easily available

. . . BANNED!
Typical Refrigerant fluids /
Ammonia (NH; )(R-717); Dichloro—Difluoro methane (Freon-12) (R-12) [CCLF,];

Carbon Dioxide (R744); Refrigerant 134a (CF;CH,F)



Sample problem

A refrigerator with R-134a as the working fluid has a minimum temperature of-10-C and a

maximum pressure of 1 MPa. Assume an ideal refrigeration cycle. Find the specific heat
transfer from the cold space and that to the hot space, and determine the COP.
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Also, calculate the COP of the Carnot refrigeration cycle operating between the two pressures
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