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DES M1
Refrigeration circuit, components
Lesson 4
• Feed back on hand in exercise Refrigeration Circuit 1
• Intro to compressors
• Basic calculations for compressor dimensioning
• Evaporator and condenser dimensioning
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Refrigerationcircuitcomponents

• Intro to compressors
• Basic calculations for compressor dimensioning
• Evaporator and condenser dimensioning



Refrigeration circuit
Compression
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Hermetic compressor video
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https://www.youtube.com/watch?v=nA-XbfxqgRo


Commercial refrigeration systems with 
semi hermetic or hermetic compressor



Open compressor example
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From Sabroe catalogue



SAB 202 -principle

Screw compressor
Internal view

https://youtu.be/stjvbAO
_6JQ

https://www.youtube.com/watch?v=nA-XbfxqgRo
https://youtu.be/stjvbAO_6JQ


Industrial system with open 
compressors

8

https://youtu.be/umACX2lVnyc


Refrigerationcircuitcomponents

• Intro to compressors
• Basic calculations for compressor dimensioning
• Evaporator and condenser dimensioning



Chosing the right compressor
“The engineer’s challenge”
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From Sabroe catalogue



Compressor data
Sabroe compressors
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Shouldmatch 
CoolingCapacity

Calculatedfrom massflow rate, 
volumetricefficiencyand 
specificvolumein suctionpipe



Compressordimensioningoverview

To find Calculate Using

Mass flow, qm Cooling capacity, φ0 Cooling load

Pressure ratio Evaporator and condenser
temperatures

Room and outdoor
temperatures

Compressor/motor size Compressor shaft power, 
Pshaft

Isentropic efficiency, ƞi

Compressor discharge
temperature, h2

Cooled/uncooled
compression

Compressor cooling flow 
rate

Compressor capacity Swept volume, Vs,v Volumetric efficiency, ƞs

COPEl Compressor motor power, 
Pm

Motor efficiency



Compressor
Isentropic efficiency
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The isentropic efficiency is dependent on the pressure ratio PR, ratio 
between suction pressure  (PL) and discharge pressure (PH).
Typical values for isentropic efficiency, ƞs (reciprocal compressor).



Isentropic efficiency
Ideal and real compression
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The model for an ideal compression follows an isentropic 
process – there is no friction and no heat exchange with 
surroundings (adiabatic process). The compressor’s specific 
work wis is  parallel to the constant entropy line (s= constant).



Uncooled compression
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Isentropic efficiency
Influence on shaft power
In a real refrigeration system the compressor’s power consumption is 
higher than the ideal power needed. 



Exercise
Isentropic efficiency
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Isentropic efficiency
Real compression
In a real refrigeration system the compressor’s power consumption is 
higher than the ideal power needed. 
The specific internal work wi (real internal work) is influenced by 
mechanical friction and “flow friction” in the compressor.
The compressors isentropic efficiency ηs is defined by:

h2s enthalpy at discharge valve if the process is isentropic.
h2 entalphy at discharge valve for the real compression process.
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Compressor
Swept volume
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The volumetric efficiency for a reciprocating compressor is 
highly influenced by the compression ratio and depends on 
several factors as:

• Recompression of refrigerant vapour from cylinder “top space”.
• Pressure drop in valves.
• Leak from high pressure side to low pressure side.

• Heating of refrigerant in suction inlet.

The volumetric efficiency for a screw compresssor is less
influenced by the compression ration  because there is no top 
dead center.



Compressor
Volumetric efficiency
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Compressor
Volumetric efficiency
The compressors capacity is characterized by the volume flow rate qv1 in 
the suction inlet valve. 

The volume flow rate in the suction pipe depends on the compressors 
swept volume qv,s and the volumetric efficiency ηv.

𝜂𝑣 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑆𝑤𝑒𝑝𝑡𝑉𝑜𝑙𝑢𝑚𝑒
=
𝑞𝑣1
𝑞𝑣𝑠
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Animation

https://www.youtube.com/watch?v=wPwHX_yAVgA


Compressor
Capacity and mass flow
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Relation mass flow rate qm,R can be calculated by:



Compressor
Swept volume
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Animation

https://www.youtube.com/watch?v=wPwHX_yAVgA


Compressor
Swept volume
The compressors swept volume qv,s for a reciprocating compressor is 
defined by:           

D  diameter of cylinder [m]
S   length of stroke [m]
n   number of revolutions [s-1]
z   number of cylinders
Vs compressor displacement [m3]

A similar formula cannot be given for a screw compressor.
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Exercise
Volumetric efficiency
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Refrigerationcircuitcomponents

• Intro to compressors
• Basic calculations for compressor dimensioning
• Evaporator and condenser dimensioning



Cold side
Evaporator
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Refrigeration circuit
Evaporation
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Evaporator and ΔT
Rating temperatures

Most fruits and vegetables ΔT ~ 4 K
Products sensitive to dehydration ΔT ~ 6-8 K
Products not sensitive to dehydration ΔT ~ 10K or higher
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Hot side
Condenser



Refrigeration circuit
Condensation
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Condenser and ΔT
Rating temperatures

Dry aircooler ΔT ~ 10-15 K
Evaporating condenser ΔT ~ 8-12 K
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Heat transfer
Heat flow rate calculations, air cooled

𝜙𝑇 = 𝑈 𝐴 Δ𝑡𝑚

𝜙𝑇 = 𝜙𝑎 = 𝜙0

𝜙𝑎𝑖𝑟 = 𝑞𝑚 𝑐𝑝 (𝑡𝑖 − 𝑡𝑜)

𝜙0 = 𝑞𝑚,𝑟 (ℎ1 − ℎ4)



Design parameters, temperature
Question
– Cooling room for vegetables
– Temperature of cooling room: -10 °C
– Average max. outdoor temperature: 30 °C
– Air cooler, dry

Find evaporator and condenser temperatures.
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