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Chapter One 

The refrigeration cycle 

INTRODUCTION 

    Refrigeration is the process of removing heat, and the practical application is to 

produce or maintain temperatures below the ambient. The basic principles are those 

of thermodynamics, and these principles as relevant to the general uses of 

refrigeration. 

    A refrigerant is a primary working fluid used to produce refrigeration in a 

refrigeration system. All refrigerants extract heat at low temperature and low 

pressure during evaporation and reject heat at high temperature and pressure during 

condensation. A cooling medium is a working fluid cooled by the refrigerant 

during evaporation to transport refrigeration from a central plant to remote cooling 

equipment and terminals. In a large, centralized air conditioning system, it is more 

economical to pump the cooling medium to the remote locations where cooling is 

required. Chilled water and brine are cooling media. They are often called 

secondary refrigerants to distinguish them from the primary refrigerants. 

THE SECOND LAW OF THERMODYNMAICS (Clausius Statement) 

   It is impossible to construct a device that operates in a cycle and produces no 

effect other than the transfer of heat from alower-temperature body to a higher-

temperature body 
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The Reversed Carnot Cycle: 

   The Carnot heat-engine cycle just described is a totally reversible cycle. 

Therefore, all the processes that comprise it can be reversed, in which case it 

becomes the Carnot refrigeration cycle. This time, the cycle remains exactly the 

same, except that the directions of any heat and work interactions are reversed: 

Heat in the amount of QL is absorbed from the low-temperature reservoir, heat in 

the amount of QH is rejected to a high-temperature reservoir, and a work input of 

Wnet,in is required to accomplish all this. The T-s diagram of the reversed Carnot 

cycle is the same as the one given for the Carnot cycle, except that the directions of 

the processes are reversed, as shown in below Fig. 

1- The refrigerant absorbs heat isothermally from a low-temperature source at TL 

in the amount of QL (process 1-2) 

2- Compressed isentropically to state 3 (temperature rises to TH) (process 2-3),  

3- rejects heat isothermally to a high-temperature sink at TH in the amount of QH 

(process3-4), 

4- Expands isentropically to state 1 (temperature drops to TL). The refrigerant 

changes from a saturated vapor state to a saturated liquid state in the 

condenser during process 3-4. 

 

Schematic of a Carnot refrigerator and T-s diagram of the reversed Carnot cycle. 
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Basic vapour compression cycle 

    Refrigeration Processes in an Ideal vapour compression Single-Stage Cycle. An 

ideal cycle has isentropic compression, and pressure losses in the pipeline, valves, 

and other components are neglected. All refrigeration cycles covered in this section 

are ideal. Single stage means a single stage of compression. There are four 

refrigeration processes in an ideal single-stage vapor compression cycle, as shown 

in Figure (1.1): 

Four major thermal process take place as follows: 

1-evaporation 

2-compression 

3-condensation and 

4-expansion 

   Figure 1. shows a schematic diagram of a basic vapour compression  refrigeration 

system.  For better understanding this refrigeration cycle is shown by temperature-

entropy (T-s) and pressure-enthalpy (P-h) diagrams as given in figure (1) and figure 

(2). Along the lines of steps given above. The operation of this system is as follows: 

(4-1) reversible heat addition at constant pressure. From expansion valve low 

pressure refrigerant liquid arrives in the evaporator. It  boils here and in the process 

absorbs heat from the surrounding medium, thereby providing a cooling effect.  

(1-2) reversible adiabatic compression. From the compressor, high pressure 

saturated vapour comes to the compressor and compressed into the condenser by 

volume reduction and increase pressure and temperature. 

(2-3) reversible heat rejection at constant pressure. From compressor, high 

pressure refrigerant vapour enters the condenser and is liquefied by employing 

water or air. 
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(3-4) irreversible expansion at constant enthalpy. From the condenser high 

pressure saturated refrigerant liquid passes through an expansion valve and its 

pressure and temperature are reduced.  

1. Isothermal evaporation process 4–1 — The refrigerant evaporates completely in 

the evaporator 

and produces refrigeration effect qevap, in kJ/kg: 
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𝑞𝑒𝑣𝑎𝑝 =  (ℎ1 − ℎ4) …………..(1) 

where h1,h4 = enthalpy of refrigerant at state points 1 and 4, respectively, kJ/kg. 

2. Isentropic compression process 1–2 — Vapor refrigerant is extracted by the 

compressor and compressed isentropically from point 1 to 2. The work input to the 

compressor Win, in kJ/kg, is 

12

1221

2

2

2
21

2

1
1

0

22

hhw

CCisentropicqzz

wh
C

gzqh
C

gz

comp

comp







 

𝑤𝑐𝑜𝑜𝑚 =  (ℎ2 − ℎ1) … … … … . . (2) 

where h2 = enthalpy of refrigerant at state point 2, kJ/kg. 

   The greater the difference in temperature/pressure between the condensing 

pressure pcon and evaporating pressure pev, the higher will be the work input to the 

compressor. 
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3- Isothermal condensation process 2–3 — Hot gaseous refrigerant discharged from 

the compressor is condensed in the condenser into liquid, and the latent heat of 

condensation is rejected to the condenser water or ambient air. The heat rejection 

during condensation, q 2–3, in kJ/kg, is 
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𝑞𝑐𝑜𝑛𝑑 = (ℎ2 − ℎ3) … … … … . . (3) 

 

where h3 = enthalpy of refrigerant at state point 3, kJ/kg. 

 

4. Throttling process 3–4  Liquid refrigerant flows through a throttling device (e.g., 

an expansion valve, a capillary tube, or orifices) and its pressure is reduced to the 

evaporating pressure. A portion of the liquid flashes into vapor and enters the 

evaporator. This is the only irreversible 

   process in the ideal cycle, usually represented by a dotted line. For a throttling 

process, assuming that the heat gain from the surroundings is negligible: 

ℎ3 = ℎ4…………..(4) 
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Coefficient of Performance of Refrigeration Cycle 

    The coefficient of performance (COP) is a dimensionless index used to indicate 

the performance of a thermodynamic cycle or thermal system. The magnitude of 

COP can be greater than 1. 

• If a refrigerator is used to produce a refrigeration effect, COPref  is 

COP𝑟 =
𝑞𝑒𝑣𝑎

𝑤𝑐𝑜𝑚𝑝
… … … … . . (5)  

• If a heat pump is used to produce a useful heating effect, its performance denoted 

by COPh is 

COPℎ =
𝑞𝑐𝑜𝑛𝑑

𝑤𝑐𝑜𝑚𝑝
… … … … . . (5)  
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Fig.(2) shows schematic and T-s diagram for the ideal vapor-compression refrigeration cycle. 
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Pressure Enthalpy diagram (P-h diagram): 
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EX1/ A refrigerator uses refrigerant-134a as the working fluid and operates on an 

vapor-compression refrigeration cycle between 2 and 8 bar. If the mass flow rate of 

the refrigerant is 0.05 kg/s, where the refrigerant enters to the compressor as 

saturated vapour and the refrigerant exits of the condenser as saturated liquid 

determine: 

(a) The rate of heat removal from the refrigerated space  

(b)  The power input to the compressor;  

(c) The rate of heat rejection to the environment, and 

(c) COP of the refrigerator. 

Sol/ 

By using P-h diagram for R134a and depending on condenser and evaporator 

pressure will drawing the cycle. 

ℎ1=390.909 kJ/kg 

𝑠1 = 𝑠2 

ℎ2 =421.818 kJ/kg 

ℎ3 = 243.63 kJ/kg 

ℎ3 =  ℎ4 

𝑄𝑒𝑣𝑎𝑝 =  𝑚𝑟(ℎ1 − ℎ4) 

𝑄𝑒𝑣𝑎𝑝 =  0.05*(390.909-243.63) 

𝑄𝑒𝑣𝑎𝑝 =7.363 kW 

𝑊𝑐𝑜𝑚𝑝 =  𝑚𝑟(ℎ2 − ℎ2) 
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𝑊𝑐𝑜𝑚𝑝= 0.05*(421.818 - 390.909) 

𝑊𝑐𝑜𝑚𝑝 =  1.545 kW 

𝑄𝑐𝑜𝑛𝑑 =  𝑚𝑟(ℎ2 − ℎ3) 

𝑄𝑐𝑜𝑛𝑑 = 0.05*(421.818 -243.63) 

𝑄𝑐𝑜𝑛𝑑 = 8.909 kW 

COP𝑟 =
𝑄𝑒𝑣𝑎

𝑊𝑐𝑜𝑚𝑝
 

COP𝑟 =7.363/1.545 = 4.76 
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Example2/ A vapour compression system used R12 as a working fluid, this cycle 

oprate at condenser temperature of 40 ℃ and evaporator of -5 ℃ the system has 15 

TR. Find the following: 

1- Refrigerating effect, 

2- The mass flow rate of refrigerant,  

3- Volume flow rate of refrigerant at inlet compressor (suction condition), 

4- Work done by the compressor, 

5- Heat removed by condenser, and 

6- COP of the system. 

Sol/ 

ℎ1 = ℎ𝑔 𝑎𝑡 − 5 ℃ 

∴ ℎ1 = 349.3 𝑘𝐽/𝑘𝑔 

𝑠1 = 𝑠2 = 𝑠𝑔 𝑎𝑡 𝑇 = −5 ℃ 

∴ ℎ2 = 372.2 𝑘𝐽/𝑘𝑔 

ℎ3 = ℎ4 = ℎ𝑓 𝑎𝑡 𝑇 = −5 ℃ 

∴ ℎ3 = ℎ4 = 238.53 𝑘𝐽/𝑘𝑔 

 

1- Refrigerating effect 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 ∶ 

 𝑞𝑒𝑣𝑎𝑝 =  ℎ1 − ℎ4 

𝑞𝑒𝑣𝑎𝑝 =  349.3 − 238.53 

𝑞𝑒𝑣𝑎𝑝 = 110.77 𝑘𝐽/𝑘𝑔  

 

2- Refrigerating capacity(𝑄𝑒𝑣𝑎𝑝) 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 ∶ 
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𝑄𝑒𝑣𝑎𝑝 =  𝑚𝑟(ℎ1 − ℎ4) 

Refrigerating capacity in kW = 15 TR*3.5167 = 52.75 kW 

 

𝑚𝑟 =
𝑄𝑒𝑣𝑎𝑝

(ℎ1 − ℎ4)
 

 

𝑚𝑟 =
52.75

110.77
= 0.476 𝑘𝑔/𝑠 

3- Volume flow rate is given by 

𝑉 =  𝑚̇̇ ∗ 𝑣1 

𝑣1from P − h diagram at evaporator pressure  P = 2.6 bar 

𝑣1 = 0.06497 𝑚3/𝑘𝑔 

∴ 𝑉 =  0.476̇ ∗ 0.06497 = 0.0309 𝑚3/𝑠 

 

4- Work done by the compressor is given by: 

𝑤𝑐𝑜𝑚𝑝 = ℎ2 − ℎ1 

𝑤𝑐𝑜𝑚𝑝 = 372.2 − 349.3 = 22.9 𝑘𝐽/𝑘𝑔 

Consumption power compressor = 𝑚𝑟 ∗ (ℎ2 − ℎ1) 

Consumption power compressor =   0.476 ∗ 22.9 = 10.9 𝑘𝑊 

5- Heat removed by condenser is given by: 

𝑄𝑐𝑜𝑛𝑑 =  𝑚𝑟(ℎ2 − ℎ3) 

𝑄𝑐𝑜𝑛𝑑 =  0.476*(372.2 − 238.53) = 63.63 𝑘𝑊 

6- COP=
rigerating effect 

𝑤𝑐𝑜𝑚𝑝
=

110.77

22.9
= 4.837 
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 تواريخ مهمة في تاريخ التبريد والتكييف
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