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I In a vapour compression refrigeration cycle working with Np?:L
refrigerant R-134a, the evaporator and condenser
temperatures are -5 °C and 30 °C respectively.
Determine ¢
a) compression work !/%
b) refrigerating effect 2 !
¢) heat rejected in the condenser &
d) cop

e) cycle efficiency
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Figure 1.

Solution of the problem in Fig. 1.

The VCRS cycle is shown on the T-S diagram in Fig. 1.

Compression work =w, = h; — h,

Refrigerating effect = heat received by the refrigerant in the evaporator = g, = h;y — h,

Heat rejected in the condenser = h; — h,

COPycrs =~
[wel
Cycle efficiency = n = Ci;fﬂ (COP.grnor is the COP of the reverse Carnot’s cycle
Carnot

operating between the same two temperature reservoirs as the given VCRS cycle)

We can obtain enthalpy values in the above formulae from the tables for the refrigerant
R134a. R134a stands for 1, 1, 1, 2- tetrafluoroethane.



Different tables have different fixed reference points. Properties at other conditions are
measured with respect to this reference point. At the same condition, the properties may be
different in different tables because the reference points are different for different tables.
However, the difference between a property at two different conditions is the same
irrespective of the table used. It is recommended that the students continue using one table

throughout.

We need enthalpy values at states 1, 2, 3 and 4.

We have saturated vapor at state 1. Hence, h, (at — 5°C) = hy = 395.9:—;

We know that states 2 and 3 lie on an isobar. State 2 is in superheated zone. At 30 °C, the

saturation pressure psx=771 kPa. The process 1-2 is isentropic. Hence, s, =s; =

sq(at — 5°C) = 1.7308 RZ—{K. Now, we need enthalpy (h,) at the state where p=771 kPa and

s=1.7308 =L,
kg K

If we have table with better resolution for pressure and temperature values, it would be easy

to get enthalpy value at p=771 kPa and s=1.7308 I;}—{K, which is in the superheated zone.

However, we do not have such table here. In such a case, we can do interpolation and
calculate values at the required condition or use the value at the condition which is closest to

the required condition and listed in the table. In the table we have for superheated refrigerant,

at p=750 kPa and T=35 °C, the entropy value is very close to s=1.7308 K’;—{K. Hence, we will

use enthalpy value at p=750 kPa and T=35 °C, which is h, = 420.8 kJ/Kkg.
At state 3, we have saturated liquid at 30 °C. Hence, hz = h¢(at 30 °C) = 241.8:—;
Throttling is an isenthalpic process. Hence, h, = h; = 241.8:—;

Now, we have the values of enthalpy at all the states.

Hence, Compression work =w, = h; — h, = —24.9:—;



Refrigerating effect = heat received by the refrigerant in the evaporator = q;, = hy — hy =

154. 1 —
Heat rejected in the condenser = h; — h, = —179 :—]

COPVCRS = aL = 6.2

[wel

For calculating cycle efficiency, we need COP¢grnot-

. Q, _ 1 _ 1 _ T, __ 268 _ - .
COPcarnot = o1 %_H_l = ;—H—l =T o326 7.66 (This is the maximum COP
L L

achievable between the temperature reservoirs at -5 °C and 30 °C.)

COPycrs __ — 0.81
6

Hence, cycle efficiency =n = “op =
Carnot

Hence, the VCRS cycle in the problem is around 81 % as efficient as the Carnot’s cycle. In
reality, the COP of the VCRS cycle is even lower as the process in the compressor is also

irreversible.
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Appendix C: Property Tables for R134a
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In a vapour compression refrigeration cycle working with
refrigerant R-134a, the evaporator and condenser

perties of HFC-134a
(1,1,1,2-tetrafluoroethane)
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temperatures are -5 °C and 30 °C respectively.

Determine

a) compression work
b) refrigerating effect

¢) heat rejected in the condenser

d) cop
e) cycle efficiency
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Appendix C: Property Tables for R134a
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In a vapour compression refrigeration cycle working with
refrigerant R-134a, the evaporator and condenser
temperatures are -5 °C and 30 °C respectively.
Determine

a) compression work

b) refrigerating effect

¢) heat rejected in the condenser

d) cop

e) cycle efficiency
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Appendix C: Property Tables for R134a X
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HFC-134a Superheated Vapor—Constant Pressure Tables A
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In a vapour compression refrigeration cycle working with B
refrigerant  R-134a, the evaporator and condenser
temperatures are -5 °C and 30 °C respectively.

Determine

a) compression work

b) refrigerating effect

¢) heat rejected in the condenser

d) cop

e) cycle efficiency
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In a vapour compression refrigeration cycle working with Np?'j
refrigerant  R-134a, the evaporator and condenser
temperatures are -5 °C and 30 °C respectively.
Determine
a) compression work
b) refrigerating effect
¢) heat rejected in the condenser
d) cop
e) cycle efficiency
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refrigerant  R-134a, the evaporator and condenser i

temperatures are -5 °C and 30 °C respectively.
Determine

a) compression work

b) refrigerating effect

¢) heat rejected in the condenser

I In a vapour compression refrigeration cycle working with

d) cop
e) cycle efficiency
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refrigerant R-134a, the evaporator and condenser

I In a vapour compression refrigeration cycle working with
temperatures are -5 °C and 30 °C respectively.

Determine
a) compression work
b) refrigerating effect
¢) heat rejected in the condenser
d) cop
e) cycle efficiency
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