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Relation of the absorption to the vapor-compression cycle

Vapor-compression cycle operate with the compressor
condenser, expansion valve and evaporator.

The vapor-compression system uses a compressor to
delivered the vapor from low-pressure section
(evaporator) to high-pressure section (condenser).

The absorption system replaced compressor by:
1. Absorb vapor in liquid while removing heat.
2. Elevate pressure of liquid with pump.
3. Release vapor by applying heat



1- Absorption cycle consist from four main part two in low pressure section  (evaporator
and absorber) and two in high pressure section (generator and condenser).

2- Low-pressure vapor from the evaporator is absorbed by the liquid solution in absorber.
3- The absorber is cooled by water or air to reject heat to the atmosphere.
4- The pump delivers the solution from the absorber to the generator.

Absorption cycle

5- In the generator, the vapor drives off
from the solution by using a high-
temperature heat source and the liquid
solution returns to the absorber
through a throttling valve.

6- The vapor is condensed by cooling in
the condenser and throttling to the
evaporator by expansion valve.

7- Condensed liquid is evaporated in
the evaporator by adding heat



Temperature-pressure-concentration properties
of LiBr-water solutions

1- Lithium bromide is a solid salt crystal.
2- It has a high ability to absorb the water vapor and become

a liquid solution.
3- The saturated solution temperature and pressure is a function

of the solution concentration.





Calculation of mass flow rates
in the absorption cycle

From a sketch p-x-t diagram:
pcondenser= pgenerator= 7.38 kPa
(from saturated temp. of condensor 40 oC)
pevaporator= pabsorber= 1.23 kPa
(from saturated temp. of evaprator 10 oC)
x2 = 66.4 % (by intersection the Pcond.& Tgenerator)
x1 = 50 % (by intersection the Pevap.& Tabsorber)
w2 +w3 =w1 = 0.6 (mass flow balance)
w1 . x1 = w2 . x2 (LiBr balance)
0.6 × 0.5 = w2 × 0.664 w2 =0.452 kg/s
w3 = 0.148 kg/s



Enthalpy of LiBr solutions
1- The enthalpy of water in liquid or

vapor flows in and out of the
condenser and evaporator points
can be determined from a table of
water properties.

2- In the generator and absorber, LiBr
-water solutions the enthalpy is a
function of both the temperature and
concentration by using figure 17-8
we can find the enthalpy data for
LiBr-water solutions.



Thermal analysis of simple absorption system

Example 17-3 For the absorption system
of Example 17-2 shown in Fig. compute
qg, qa , qc, qe, and the COP.

 h1=h at 30°C & x of 50% = -168 kJ/kg
 h2=h at 100°C & x of 66.4% = -52 kJ/kg
 The enthalpies of water liquid and vapor

are found from Table A-1:
h3 = h of saturated vapor at 100°C = 2676.0 kJ/kg
h4 = h of saturated liquid at 40°C = 167.5 kJ/kg
h5 = h of saturated vapor at 10°C = 2520.0 kJ/kg



qg = w3 h3 + w2h2 - wlhl

= 0.148(2676) + 0.452(-52)- 0.6(-168)
= 476.6 kW

qc = w3h3 - w4h4

= 0.148(2676 - 167.5) = 371.2 kW
qe = w5h5 - w4h4 = 0.148(2520-167.5)

= 348.2 kW
qa = w2h2 + w5h5 - wl hl

= 0.452(-52) + 0.148(2520) - 0.6(-168)
= 450.3 kW

𝐶𝑂𝑃௔௕௦ =
𝑞௘
𝑞௚

=
348.2
476.6

= 0.736



Absorption cycle with heat exchanger
 The solution at point 1 leaves the absorber at a temperature of 30°C and must be heated

to 100°C in the generator.

 Similarly the solution at point 2 leaves the generator at 100°C and must be cooled to
30°C in the absorber.

 One of the major operating costs of the
system is the heat added in the generator
qg.

 Therefor by addition to the simple cycle
is a heat exchanger as shown in Fig. 17-
9 to transfer heat between the two
streams of solutions.

 This heat exchanger heats the solution
going to the generator and cools the
solution returning to the absorber.



Absorption cycle with heat exchanger
The simple cycle shown in Fig. is modified by the insertion of a heat
exchanger, such that. What are the rates of energy transfer at each of the
components and the COPabs of cycle?
w1= w2 = 0.6 kg/s
w3 = w 4 = 0.452 kg/s
w5 = w6 = w7 = 0.148 kg/s
Enthalpies that remain unchanged are:
h1 = -168 kJ/kg, h5 = 2676.0 kJ/kg
h3 = -52 kJ/kg, h6 = 167.5 kJ/kg
h7 = 2520.0 kJ/kg
The (qc & qe) remain unchanged
qc = 371.2 kW and qe = 348.2 kW



h2 = h at 52°C and x of 50% = -120 kJ/kg
The rate of heat absorbed by the solution in heat exchanger:
qhx = w1 (h2 - h1)

= 0.6[-120 - (-168)] = 28.8 kW
Also: qhx = w3 (h3 – h4)
28.8 = 0.452 (-52 - h4) → h4= -116 kJ/kg
qg = w5h5 + w3h3 - w2h2

= 0.148(2676) + 0.452(-52) -0.6(-120)
= 444.5 kW

qa = w7h7 + w4h4 - w1h1

= 0.148(2520) + 0.452(-116) - 0.6(-168)
= 421.3 kW



The coefficient of performance of the system that incorporates the heat
exchanger is

𝐶𝑂𝑃௔௕௦ =
𝑞௘
𝑞௚

=
348.2
444.5

= 0.783

This COP is an improvement over the value of 0.736 applicable to the simple system
without a heat exchanger.



commercial
absorption units



Crystallization

 crystallization lines appear in the lower

right section on the two property charts for

LiBr-water solutions those lines indicates

a solidification of the LiBr.

 Dropping into the crystallization region

lead to the formation of a slush, which can

block the flow in a pipe and cut on the

operation of the absorption unit.



Example: In the system shown in Fig. 17-9, the ambient wet-bulb temperature
decreases so that the temperature of cooling water drops, which also reduces the
condensing temperature to 34°C. All other temperatures specified on Fig. 17-9
remain unchanged. Is there a danger of crystallization?
Solution: The reduction in condensing temperature drops the high-side pressure so
that the concentration of solution leaving the generator at point 3 is 69%. The new
mass rates of flow apply at points 3 and 5
 w3 . x3 = w2 . x2

 w3 =0.6 × 0.50/0.69 = 0.435 kg/s
 w5 = w2 – w3 = 0.6 – 0.435 = 0.165 kg/s
 h1=h at 30°C & x of 50% = -168 kJ/kg
 h2=h at 52°C & x of 50% = -120 kJ/kg
 h3=h at 100°C & x of 69% = -54 kJ/kg

34 ° C



An energy balance about the heat
exchanger:
h4 . w4 + h2 . w2 = h3 . w4 + h1 . w2

w4 (h4 - h3) = w2 (h1 – h2)
h4= h3 + w2 (h1 – h2) / w4

h4 = -54 + 0.6 (-168 – (-120)) / 0.435
h4 = -120 kJ/kg

From Fig. 17-8 the condition of solution at point 4, which is
h = -120 kl/kg, x = 0.69, is found to be crystallized.



Capacity control "capacity reduction"
 The need for capacity control arises when the refrigeration load drops off or

decreasing in the chilled-water temperature returning to the absorption unit
(assuming a constant-rate flow of chilled water).

 With no capacity control the temperature of the chilled water leaving the
evaporator would decrease and the pressure on the low pressure side decrease
that lead to the refrigerant water would freeze.

 The most control systems on absorption units attempt to regulate a constant
temperature of chilled water leaving the evaporator by reducing in the
refrigerant-water flow in the absorption units that can achieve by using three
methods:
1. Reducing the flow rate delivered by the pump at position 1
2. Reducing the generator temperature
3. Increasing the condensing temperature



Method I
 Reducing the flow rate delivered by the pump at position 1 lead to

reduce in the rate of refrigerant flow through the condenser and
evaporator and then reduction in refrigerating capacity.

 In this method the proportion of mass flow rate reduction in all
component must be same to keep the concentrations of solution
remain unchanged.

 But, the concentrations remain unchanged only if the operating
temperatures in the components also remain fixed.

 Therefor to fixed the operation temperature in the components
achieve by Cooperation with method 2 or method 3 to fixed the
generator and condenser temperature.



Method 2
Reduction in the generator temperature will reduce the refrigerating
capacity and can be achieved by:

 Throttling the pressure of the steam entering the generator

 Reducing the flow rate of hot water.

Increasing the condensing temperature with reducing the refrigerating
capacity can be achieved by:

 Increasing the temperature of cooling water supplied to the condenser.

Method 3



Comparing between Aqua-ammonia
system and LiBr-water system

1- The aqua-ammonia absorption systems was used in
years before the LiBr-water combination.

2- The aqua-ammonia absorption systems used water as the absorbent
and ammonia as the refrigerant.

3- The aqua-ammonia system consists of generator, absorber,
condenser, evaporator, and solution heat exchanger-plus a rectifier
and analyzer.



4- The need for a rectifier and analyzer to remove as much water
vapor as possible that cause rise in the evaporator temperature.

5- The aqua-ammonia system is capable of achieving evaporating
temperatures below 0°C, but the LiBr-water system is limited in
no lower than about 3°C.

6- The LiBr-water system operates at pressures below atmospheric,
resulting in unavoidable leakage of air into the system, which must
be purged periodically while the aqua-ammonia system operating
at pressures above atmospheric.





Simple Air Cooling
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Description

1. Main compressor driven
by a gas turbine.
2. Heat exchanger.
3. Cooling turbine.
4. Cooling air fan.

The main components of the simple air cooling system for
aircrafts are:



The air required for refrigeration system is bled off from the main
compressor.

A high pressure and high temperature air is cooled initially in the
heat exchanger where ram air is used for cooling.

 It is further cooled in the
cooling turbine by the process
of expansion.

The work of this turbine is used
to drive the cooling fan which
draws cooling air through the
heat exchanger.



The air is easily available and there is no cost of the refrigerant.
The air is non-toxic and non-inflammable.
The leakage of air in small amounts is acceptable.
Since the main compressor is employed for the compressed air

source, therefore there is no problem of space for extra compressor.
The chilled air is directly used for cooling.
Since the pressure in the whole system is quite low, therefore the

piping, ducting etc. are quite simple to design, fabricate and
maintain.

Advantages



 It has low coefficient of performance.
The rate of air circulation is relatively large.

Disadvantages



1. Ramming process:
 Let the pressure and temperature of ambient air is p1 and T1.

A simple air cooling system processes

 The ambient air is rammed
isentropically from pressure 𝑝1 and
temperature 𝑇1 to the pressure 𝑝2
and temperature 𝑇2 by the vertical
line 1-2

 Because of internal friction due to
irreversibility the actual ramming
process is shown by the curve 1-2'
which adiabatic but not isentropic
due to friction.



ℎ2 +
𝑉22

2
= ℎ1 +

𝑉12

2
𝑉1 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜 𝑝𝑙𝑎𝑛𝑒 𝑉2 = 0 (𝑠𝑡𝑎𝑔𝑛𝑎𝑡𝑖𝑜𝑛 𝑠𝑡𝑎𝑡𝑒)
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𝑅 , 𝑎 = 𝛾𝑅𝑇1 (𝑙𝑜𝑐𝑎𝑙 𝑠𝑜𝑛𝑖𝑐 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)

𝑇2
𝑇1

= 1 +
𝑉12

2 𝛾
𝛾 − 1 𝑅 𝑇1

= 1 +
(𝛾 − 1)𝑉12

2 𝑎2
= 1 +

(𝛾 − 1)
2

𝑀2

𝑀 = 𝑀𝑎𝑐ℎ 𝑛𝑎𝑚𝑏𝑒𝑟 (𝑎𝑖𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦/𝑙𝑜𝑐𝑎𝑙 𝑠𝑜𝑛𝑖𝑐 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

Energy equation during ramming



𝑇2
𝑇1

=
𝑝2
𝑝1

𝛾−1
𝛾

(𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛)

𝜂𝑅𝑎𝑚 = 𝑎𝑐𝑡௨𝑎𝑙 𝑝𝑟𝑒𝑠𝑠௨𝑟𝑒 𝑟𝑖𝑠𝑒
𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒 𝑎ௗ𝑖𝑎𝑏𝑎𝑡𝑖𝑐 𝑝𝑟𝑒𝑠𝑠௨𝑟𝑒 𝑟𝑖𝑠𝑒

= 𝑝2ᇲ−𝑝1
𝑝2−𝑝1

.



2. Compression process:
 The isentropic compression of air in the main compressor is represented by

the line 2'-3.
 In actual practice, because of internal friction, due to irreversibility, actual

compression is represented by the curve 2'- 3'. The work done during this
compression process is given by:

𝑊𝑐 = 𝑚𝑎𝑐𝑝(𝑇3ᇲ − 𝑇2ᇲ)

𝜂𝑐𝑜𝑚𝑝 =
𝑇3 − 𝑇2
𝑇3ᇲ − 𝑇2

𝑇3
𝑇2ᇲ

=
𝑝3
𝑝2ᇱ

𝛾−1
𝛾

(𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛)



3. Cooling process:
 The compressed air is cooled by the ram air in the heat exchanger. This

process is shown by the curve 3' - 4.
 In actual practice, there is a pressure drop in the heat exchanger which is not

shown in the figure.
 The temperature of air decreases

from 𝑇3ᇲ to 𝑇4.
 The heat rejected in the heat

exchanger during the cooling process
is given by
𝑄𝑅 = 𝑚𝑎𝑐𝑝(𝑇3ᇲ − 𝑇4)

 The heat exchanger effectiveness

𝜀ℎ𝑒𝑎𝑡 𝑒௫𝑐ℎ𝑎𝑛𝑔𝑒𝑟 =
𝑇3ᇲ − 𝑇4
𝑇3ᇲ − 𝑇2ᇲ



4. Expansion process:
 The cooled air is now expanded isentropically in the cooling turbine shown

by the curve 4 - 5.
 In actual practice, because of internal friction due to irreversibility, the actual

expansion in the cooling turbine is shown by the curve 4 - 5' The work done
by the cooling turbine during this expansion process is given by

𝑊𝑇 = 𝑚𝑎𝑐𝑝(𝑇4 − 𝑇5ᇱ)

𝜂𝑇 =
𝑇4 − 𝑇5ᇲ
𝑇4 − 𝑇5

𝑇4
𝑇5

=
𝑝4
𝑝5

𝛾−1
𝛾

(𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛)



5. Refrigeration process:
 The air from the cooling turbine is sent to cabin and cock pit where it gets

heated by the heat of equipment and occupancy.
 This process is shown by the curve 5' – 6.

 The refrigerating effect produced or
heat absorbed is given

𝑅ா = 𝑚𝑎𝑐𝑝(𝑇6 − 𝑇5ᇱ)
 The C.O.P. of the air cycle

𝐶.𝑂.𝑃 =
Refrigerating effect
𝑊𝑜𝑟𝑘 𝑜𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟

=
𝑚𝑎𝑐𝑝(𝑇6 − 𝑇5ᇱ)
𝑚𝑎𝑐𝑝(𝑇3ᇲ − 𝑇2ᇲ)



Example 1:
A simple air cooled system is used for an airplane having a load of 10 tonnes.
The atmospheric pressure and temperature are 0.9 bar and 10°C respectively.
The pressure increases to 1.013 bar due to ramming. The temperature of the air
is reduced by 50°C in the heat exchanger. The pressure in the cabin is 1.01 bar
and the temperature of air leaving the cabin is 25°C. Assume that all the
expansions and compressions are isentropic. The pressure of the compressed air
is 3.5 bar. Determine:
 Power required to take the load of cooling in
the cabin.
 C.O.P. of the system



 Since the temperature of air is reduced by
50°C in the heat exchanger, therefore
temperature



𝑚𝑎 =
3.516 × 10

1 × (298 − 257)
= 0.85 𝑘𝑔/𝑠𝑚𝑎 =

3.516 × 𝑡𝑜𝑛𝑛𝑒𝑠
𝑐𝑝 × (𝑇6 − 𝑇5)

𝑃𝑜𝑤𝑒𝑟 = 𝑚𝑎𝑐𝑝 × (𝑇3 − 𝑇2)

𝑃𝑜𝑤𝑒𝑟 = 0.85 × 1 × 417 − 292.6 = 106 𝑘𝑊

𝐶𝑂𝑃 = 3.516×𝑡𝑜𝑛𝑛𝑒𝑠
𝑃𝑜𝑤𝑒𝑟

= 3.516×10
106

= 0.33



Example 2:
An aircraft refrigeration plant has to handle a cabin load of 30 tonnes. The
atmospheric temperature is 17°C. The atmospheric air is compressed to a
pressure of 0.95 bar and temperature of 30°C due to ram action. This air is then
further compressed in a compressor to 4. 75 bar, cooled in a heat exchanger to
67°C, expanded in a turbine to 1 bar pressure and supplied to the cabin. The air
leaves the cabin at a temperature of 27°C. The isentropic efficiencies of both
compressor arid turbine are 0.9. Calculate:
 The mass of air circulated per minute.
 C.O.P. of the system.





𝑚𝑎 =
3.516 × 𝑡𝑜𝑛𝑛𝑒𝑠
𝑐𝑝 × (𝑇6 − 𝑇5ᇲ)

𝑚𝑎 =
3.516 × 30

1.005 × (300− 230)
= 1.5 𝑘𝑔/𝑠

𝐶𝑂𝑃 = 3.516×𝑡𝑜𝑛𝑛𝑒𝑠
𝑚𝑎×𝑐𝑝×(𝑇3ᇲ−𝑇2)

= 3.516×30
1.5×1.005×(499.7−303)

= 0.356



Example 3:
An aircraft moving with speed of 1000 km/h uses simple gas refrigeration cycle
for air-conditioning. The ambient pressure and temperature are 0.35 bar and
-10°C respectively. The pressure ratio of compressor is 4.5. The heat exchanger
effectiveness is 0.95. The isentropic efficiencies of compressor and expander
are 0.8. The cabin pressure and temperature are 1.06 bar and 25°C.
Determine:
 The temperatures and pressures at all points.
 The volume flow rate through compressor

inlet and expander outlet for 100 TR



𝑇2 = 𝑇1 +
𝑉12

2𝑐𝑝





𝑚𝑎 =
3.516 × 𝑡𝑜𝑛𝑛𝑒𝑠
𝑐𝑝 × (𝑇6 − 𝑇5ᇲ)

𝑚𝑎 =
3.516 × 100

1.005 × (298− 256.7)
= 8.43 𝑘𝑔/𝑠

𝑝2𝑣2 = 𝑚𝑎𝑅𝑇2

0.564 × 105 × 𝑣2 = 8.43 × 287 × 301.4

𝑣2 = 12.93 ⁄𝑚3 𝑠

𝑝5ᇲ𝑣5ᇲ = 𝑚𝑎𝑅𝑇5ᇲ

1.06 × 105 × 𝑣5ᇲ = 8.43 × 287 × 256.7

𝑣5ᇲ = 5.86 ⁄𝑚3 𝑠



Example 4:
The cock pit of a jet plane flying at a speed of 1200 km/h is to be cooled by a
simple air cooling system. The cock pit is to be maintained at 25°C and the
pressure in the cock pit is 1 bar. The ambient air pressure and temperature are
0.85 bar and 30°C. The other data available is as follows :
Cock-pit cooling load = 10 TR; Main compressor pressure ratio = 4; Ram
efficiency = 90 %; The temperature of air leaving the hear exchanger and
entering the cooling turbine = 60°C; pressure drop in the heat exchanger =0.5
bar; Pressure loss between the cooler turbine and cock pit = 0.2 bar.
Assuming the isentropic efficiencies of main compressor and cooler turbine as
80%. Find:
 The quantity of air passed through the cooling turbine
 C.O.P. of the system.







𝑚𝑎 =
3.516 × 𝑡𝑜𝑛𝑛𝑒𝑠
𝑐𝑝 × (𝑇6 − 𝑇5ᇲ)

𝑚𝑎 =
3.516 × 10

1 × (298 − 240.7)
= 0.61 𝑘𝑔/𝑠

𝐶𝑂𝑃 = 3.516×𝑡𝑜𝑛𝑛𝑒𝑠
𝑚𝑎×𝑐𝑝×(𝑇3ᇲ−𝑇2ᇲ)

= 3.516×10
0.61×1×(576−358.5)

= 0.264



• Compound Vapour Compression System
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• Removing Of Flash Gas
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Flash gas

Qevap.

Qevap.
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1

2 Qevap

Flash gas has no effect on
the refrigeration

1 2

1 3

3

4

4

6

6

5

5

Reduction in flash gas
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Liquid to expansion valve Vapour to Compressor

Liquid to expansion valve

Vapour to Compressor

4
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5

1

2

34

5

Degree of super heated
2

4 3
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High degree of super heated

5
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1
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1

23

436

7

New cycle- two stage

24

5

work saved

Reduction in super heating

Old cycle- single stage
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Types of intercoolers
• There are three types of intercoolers as mentioned

below.
• 1-water Inter-cooler
• 2-Liquid Refrigerant Inter-cooler
• 3-Flash Gas Inter-cooler
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Compound compression
with water inter-cooler
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5
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6

7
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PL

PL

Pi

Pi

Ph

Ph
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Example 1:
• The following data apply to
• 100 ton compound ammonia compression system with

water inter-cooler,
• condenser pressure 14 bar,
• evaporator pressure 1.5 bar
• and inter-cooler pressure 5 bar,
• the ammonia is cooled to 32oC in the water inter-cooler
• and sub-cooled to 30 oC in the sub-cooler,.
• The temperature of suction gas is -18 oC;
• find a- mass flow rate of refrigerant in the cycle b- power

consumption in each compressor c- heat rejection in
water inter-cooler  d- displacement volume of in both
low and high stage and low stage compressor

Dr. abdual Hadi Nema Khalifa 11



1

2 3
4

5671

PL =1.5 bar

and inter-cooler pressure 5 bar,
Ph=14bar

evaporator pressure 1.5 bar

PL =1.5 bar

Pi =5 bar

Pi =5 bar

condenser pressure 14 bar,

Ph=14bar

The temperature of suction gas is -18 oC;

T1= -18

T1= -18

1

2

the ammonia is cooled to 32oC in the water inter-cooler

T3= 32
3

4

and sub-cooled to 30 oC in the sub-cooler

5

T6= 30

T6= 30

6

7

Dr. abdual Hadi Nema Khalifa 12



1

23

456

7

h1==1450 h2=1600

h3=1540

h4=1710h6=300

h1 h2 h3 h4 h6

1450 1600 1540 1710 300

Capacity = 100 ton= 100X3.516= 351.6 kWCapacity = mr.( h1-h7)351.6= mr.( 1450--300)skgmr /.
)(

. 30570
3001450
5163100





Comp. power L.P.= mr.(h2-h1)Comp. power L.P.=0.307x(1600-1450)=45.86 kW

Comp. power H.P.= mr.(h4-h3)Comp. power H.P.= mr.(h4-h3)Comp. power H.P. 0.307x(1710-1540)=51.97 kWQinter-cooler= mr.(h2-h3)Qinter-cooler= 0.307x(1600-1540)=18.34 kW

V1= 0.9 m3/kg

V3= 0.28 m3/kg

V.d LP=v1.mr  = 0.9 X0.3057 = 0.275 m3/sV.d HP=v3.mr  = 0.28 X0.3057 = 0.0856 m3/s 5933
97518645

5163100
21

.
..

.









WcompWcomp

CapacityCOP
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• 2-Liquid Refrigerant Inter-cooler

Dr. abdual Hadi Nema Khalifa 14



L.P Compressor

1

2

Water inter-cooler

3

Liquid Refrigerant Inter-cooler

9

4

H.P Compressor

5

67

10
11

Condenser

Sub-cooler

Evaporator

8
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L.P
Compressor

1

2

Water inter-
cooler

3

Liquid Refrigerant
Inter-cooler

9

4

H.P
Compressor

5

67

10
11

Condenser

Sub-cooler

Evaporator

1

2

39

4

567

8

8

10

11
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Heat balance of flash inter-cooler
• m8h8 = m10h10 + m9h9

• m8 = m10 + m9

• m9 =  m8 - m10

• m8h8 = m10h10 + (m8-m10.)h9

• m8 (h8-h9) = m10(h10 –h9)

98
910108

hh
hhmm





)(

Dr. abdual Hadi Nema Khalifa 17



Heat balance of mixing process
• Heat balance
• m4.h4 = m3.h3 + m9h9

• mass balance
• m4 = m3 + m9

• (m3 + m9).h4 = m3.h3 + m9h9

93
99334

mm
hmhmh






Dr. abdual Hadi Nema Khalifa 18



Example 2:
• The following data apply to
• 100 ton compound ammonia compression system with
• water inter-cooler
• and liquid refrigerant inter-cooler,
• condenser pressure 14 bar,
• evaporator pressure 1.5 bar
• and inter-cooler pressure 5 bar,
• the ammonia is cooled to 32oC in the water inter-cooler
• and sub-cooled to 30 oC in the sub-cooler,.
• The temperature of suction gas is -18 oC;
• find a- mass flow rate of refrigerant in the cycle b- power

consumption in each compressor c- heat rejection in
water inter-cooler  d-COP

Dr. abdual Hadi Nema Khalifa 19



evaporator pressure 1.5 barand inter-cooler pressure 5 barcondenser pressure 14 bar,The temperature of suction gas is -18 oC

-18

1

2

the ammonia is cooled to 32oC in the water inter-cooler

32

3

4=?

6

and sub-cooled to 30 oC in the sub-cooler

30
7

8 9

10

11

Dr. abdual Hadi Nema Khalifa 20



1

2
3

4=?

67

8 9

10

11

Type equation here.

h1=1450 h2= 1600

h3=1540

h6=360
h10=200

h9=1490
h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 ? ? 360 1490 200

Dr. abdual Hadi Nema Khalifa 21



1

2
3

4=?

67

8 9

10

11

Type equation here.

h1=1450 h2= 1600

h3=1540

h6=360
h10=200

h9=1490

h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 ? ? 360 1490 200

10 Flash inter cooler

8

9

h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 ? ? 360 1490 200

Capacity =m.(h1-h11)

m8 = m10 + m9

11281280
2001450
5163100 mmf 




 .
)(

.

Capacity =100X 3.516 kW

Heat balance of flash inter-cooler

m8h8 = m10h10 + m9h9

m9 =  m8 - m10

m8h8 = m10h10 + (m8-m10.)h9

m8 (h8-h9) = m10(h10 –h9)

98
910108

hh
hhmm





)(

skgXm /.)(. 320
1490360

149020028108 





m9 =  m8 - m10= 0.32 - 0.281 = 0.039 kg/s

m8= 0.32
m9= 0.039

Dr. abdual Hadi Nema Khalifa 22



1

2
3

4=?

67

8 9

10

11

Type equation here.

h1=1450 h2= 1600

h3=1540

h7=360
h10=200

h9=1490

Heat balance of mixing process

• Heat balance
• m4.h4 = m3.h3 + m9h9

• mass balance
• m4 = m3 + m9

• ( m3 + m9).h4 = m3.h3 + m9h9

93
99334

mm
hmhmh






h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 ? ? 360 1490 200

93
99334

mm
hmhmh





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m10 = m11= m1 = m2 = m3

m4 =m5 = m6= m7 = m8

Dr. abdual Hadi Nema Khalifa 24



1

2
3

4=?

67

8 9

10

11

Type equation here.

h1=1450 h2= 1600

h3=1540

h7=360
h10=200

h9=1490

Heat balance of mixing process

• Heat balance
• m4.h4 = m3.h3 + m9h9

• mass balance
• m4 = m3 + m9

• ( m3 + m9).h4 = m3.h3 + m9h9

93
99334

mm
hmhmh






h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 ? ? 360 1490 200

93
99334

mm
hmhmh






m8= 0.32
m9= 0.039
m11 =0.281

m10 = m11= m1 = m2 = m3

m4 =m5 = m6= m7 = m8

kgkJh /.
..

*.*. 51536
03902810

14900390154028104 





m3 = m11 =0.281
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1

2
3

4=?

67

8 9

10

11

kgkJh /.515364 

4

5

h5= 1680 kJ/kg

h1 h2 h3 h4 h5 h6 h9 h10

1450 1600 1540 1536.5 1680 360 1490 200

Comp. power L.P.= mf1.(h2-h1)= 0.28128(1600-1450)=42.192 k  w

Comp. power H.P.= mf4.(h5-h4)= 0.3049x(1680-1536.5)=43.78 kW

Qinter-cooler=  mf1.(h2-h3)=0.28128x(1600-1540)=16.87 kW

089.4
78.43192.42

516.3100
21










WcompWcomp
CapacityCOP
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• 3-Flash Gas Inter-cooler

Dr. abdual Hadi Nema Khalifa 27



1

2

Low stage compressor
W

at
er

 in
te

r-
co

ol
er

Flash Gas Inter-cooler

3

4

Sa
tu

ra
te

d
va

po
ur

High stage compressor

5

Condenser

6

Expansion valve

7

9
10

Sub-cooler

8
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L.P
Compressor

1

2

Water inter-
cooler

Flash
Inter-cooler

3

4

H.P
Compressor

4

6
7

9
10

Condenser

Sub-cooler

Evaporator

1

2

34

567

8

8

9

10

5

8
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m9 = m10 =   m1 = m2 = m3

m4 = m5 =   m6 = m7 = m8

Dr. abdual Hadi Nema Khalifa 30



Heat balance inter-cooler

m8.h8 + m3.h3 = m4.h4 + m9.h9

m9 = m10 =   m1 = m2 = m3

m4 = m5 =   m6 = m7 = m8

m4.h8 + m3.h3 = m4.h4 + m3.h9

m4.(h8 - h4 ) = m3.(h9 - h3)

48
3934

hh
hhmm





)(
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Example 3:
• The following data apply to
• 100 ton compound ammonia compression system with
• water inter-cooler
• and Flash gas inter-cooler,
• condenser pressure 14 bar,
• evaporator pressure 1.5 bar
• and inter-cooler pressure 5 bar,
• the ammonia is cooled to 32oC in the water inter-cooler
• and sub-cooled to 30 oC in the sub-cooler,
• The temperature of suction gas is -18 oC;
• find a- mass flow rate of refrigerant in the cycle b-

power consumption in each compressor c- heat
rejection in water inter-cooler  d-COP
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evaporator pressure 1.5 barand inter-cooler pressure 5 barcondenser pressure 14 bar,The temperature of suction gas is -18 oC

-18

1

2

the ammonia is cooled to 32oC in the water inter-cooler

32

3

6

and sub-cooled to 30 oC in the sub-cooler

30
7

8 4

9

10

5
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1

2
3

5
67

8 4

9

10

Type equation here.

h1=1450 h2= 1600

h3=1540

h6=360
h10=200

h4=1490
h1 h2 h3 h4 h5 h7 h9

1450 1600 1540 1490 1610 360 200

h5= 1610
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1

2
3

5

67

8 4

9

10

h1=1450 h2= 1600

h3=1540

h6=360
h10=200

h4=1490
h1 h2 h3 h4 h5 h7 h9

1450 1600 1540 1490 1610 360 200

h5= 1610

67

Capacity =m.(h1-h11)

101281280
2001450
5163100 mmmf 




 .
)(

.

Capacity =100X 3.516 kW
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Heat balance inter-cooler

m8.h8 + m3.h3 = m4.h4 + m9.h9

m9 = m10 =   m1 = m2 = m3

m4 = m5 =   m6 = m7 = m8

m4.h8 + m3.h3 = m4.h4 + m3.h9

m4.(h8 - h4 ) = m3.(h9 - h3)

48
3934

hh
hhmm





)(

h1 h2 h3 h4 h5 h7 h9

1450 1600 1540 1490 1610 360 200

m1 = 0.28128 kg/s

skgm /.)(. 330
1490360

1540200281804 




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1

2
3

5

67

8 4

9

10

h1=1450 h2= 1600

h3=1540

h6=360
h10=200

h4=1490
h1 h2 h3 h4 h5 h7 h9

1450 1600 1540 1490 1610 360 200

h5= 1610

67

Capacity =m.(h1-h11)

101281280
2001450
5163100 mmmf 




 .
)(

.

Capacity =100X 3.516 kW

2984
63919242

5163100
21

.
..

.









WcompWcomp

CapacityCOP

Comp. power L.P.= mf1.(h2-h1)= 0.28128(1600-1450)=42.192 k  w

Comp. power H.P.= mf4.(h5-h4)= 0.33(1610-1490)=39.6 kW

Qinter-cooler=  mf1.(h2-h3)=0.28128x(1600-1540)=16.87 kW
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Multiple Evaporator Systems
• In many refrigeration plants, it may be required to

have different temperature maintained at various
zones or compartments.

• For example in a food market where different food
product stored in large quantities, it is imperative
that each food product should be stored at
different conditions of temperature and humidity.
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Type multi evaporator
Systems

• 1-All Evaporators Operating at The Same Temperature
• 2- Individual expansion valve and back pressure valves system
• 3- Multiple expansion valves and back pressure valves system
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1-All Evaporators Operating at The Same Temperature

Dr. abdual Hadi Nema Khalifa

1 2

Compressor

1

2

Condenser

3

3

Evap. III

Evap. II

Evap. I

4

4

4

4

40



Example 4:

• A single compressor system using R-134a has
• three evaporators of 10, 20 and 30 tons capacities.
• All evaporators operating at the same temperature

of -10oC.
• The condenser pressure is 10 bar
• and the liquid is sub cooled in the condenser by 10oC.
• The discharge from the evaporator is dry saturated

vapour
• and the compression is assumed to be isentropic.

Determine
• 1-the refrigeration effect 2- rate of flow of the refrigerant

in kg/s and 3-the theoretical horse power required.
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using 134aAll evaporators at the same temperature of -10oC

-10oC1

The condenser pressure is 10 bar

10 bar

and the liquid is sub cooled in the condenser by 10oC.

2

T= 39.5 oCT3= 39.5 -10=29.5 oC

29.5 oC
3

4

The discharge from the evaporator is dry saturated vapour

h1=391 kJ/kg h2=425 kJ/kgh4=240 kJ/kg

h1 h2 h3
391 425 240

42
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1

23

4

h1=391 kJ/kg h2=425 kJ/kgh4=240 kJ/kg

h1 h2 h3
391 425 240

Total capacity of the cycle=10+20+30=60ton=60x3.516=210.84 kW
Refrigeration effect =h1-h4Refrigeration effect =391-240= 151 kJ/kg
Capacity =mx (reff. Effect)

210.8 =mx 151 m= 1.39 kg/s
Compressor work =h2-h1Compressor work =425-391=34 kJ/kg

Compressor power=m(h2-h1)Compressor  Power = 1.39 x34= 47.26 kW = 1.34 x 47.26=63.3 HP

Mass flow rate at each evaporator

𝑚ூூூ =
10 × 3.516

151 = 0.23 𝑘𝑔/𝑠

𝑚ூூ =
20 × 3.516

151 = 0.46 𝑘𝑔/𝑠

𝑚ூூ =
30 × 3.516

151
= 0.69 𝑘𝑔/𝑠

43



Individual expansion valve and back pressure valves

system

Dr. abdual Hadi Nema Khalifa

1 2

Compressor

1

2

Condenser

3

3

Evap. III

Evap. II

Evap. I

4

7

10

4

10
Evap. I7 Evap. II
Evap. III

11

11

8

8

5

5

Back pressure
valve 9

9

6

6

1
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1

2
3

4
7

10

5

6

8

911

45



Heat balance of suction line

Dr. abdual Hadi Nema Khalifa

Qe I

6

11

5

89

1
Evap III

Evap II

m III

m II

mI

Evap II

m tmt. h1 = mIII. h6 + m II . h9 + mI. h11

mt = mIII + m II + mI

ℎ1 =
𝑚ூூூℎ6 + 𝑚ூூℎ9 + 𝑚ூℎ11

𝑚ூூூ + 𝑚ூூ + 𝑚ூ

46



Example 5
• A refrigeration installation using R-134a
• comprises one compressor,
• one condenser
• and three evaporators of capacities of 10, 20 and 30tons

respectively.
• The temperature to be maintained in the evaporators is 10, 5

and -10oC respectively.
• Each evaporator is fitted with an expansion valve.
• The condenser pressure is to be 10 bar.
• The exit condition from evaporator is dry saturated vapour
• and liquid is sub cooled by 10oC in the condenser.
• Determine
• 1-the refrigeration effect
• 2- rate of flow of the refrigerant in kg/s and
• 3-the theoretical horse power required
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A refrigeration installation using R-134acomprises one compressor,
one condenser

and three evaporators of capacities of 10,
20 and 30tons respectively.
The temperature to be maintained in the
evaporators is 10 oC

10 oC

5 oC

5 oC

-10 oC

-10 oC

The condenser pressure is to be 10 bar.

10 bar

and liquid is sub cooled by 10oC in the
condenser.

Tsat= 39.5 oC
T3=39.5 – 10 = 29.5 oC.

The exit condition from evaporator is dry
saturated vapour

3

4 5

7
6

8

910 11

48
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3

4 5

7
6

8

910 11

Evap. III
Evap. II

Evap. I

h1 h2 h3 h4 h5 h6 h7 h8 h9 h10 h11

? ? 240 240 402 402 240 400 400 240 391

h3=h4=h7=h10= 240
h5=h6= 402h8=h9= 400

h11=391

Evaporator I
Ref. effect= h11-h10=391-240= 151 kJ/kg

skgmI /.. 2320
151

516310





Evaporator II

skg
hh

mII /..
)(

. 4390
240400
516320

78
516320












Evaporator III

skg
hh

mIII /..
)(

. 6510
240402
516330

45
516330












mt=0.232+0.439+0.651=1.322 kg/s
Heat balance of suction line

mt. h1 = mIII. h6 + m II . h9 + mI. h11

ℎ1 =
𝑚ூூூℎ6 + 𝑚ூூℎ9 + 𝑚ூℎ11

𝑚ூூூ + 𝑚ூூ + 𝑚ூ

ℎ1 =
0.651 × 402 + 0.439 × 400 + 0.323 × 391

1.413 = 398 𝑘𝐽/𝑘𝑔

49
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3

4 5

7
6

8

910 11

Evap. III
Evap. II

Evap. I

h1 h2 h3 h4 h5 h6 h7 h8 h9 h10 h11

? ? 240 240 402 402 240 400 400 240 391

h1=398

1

2

h2=430

h1 h2 h3 h4 h5 h6 h7 h8 h9 h10 h11

398 430 240 240 402 402 240 400 400 240 391

comp. Power=m(h2-h1)= 1.322x(430 - 398)= 42.3 4kW=42.3 x1.34= 56.6 HP

50



• Multiple expansion valves and back pressure
valves system
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1
2

1

2

3

3

4

4

7

7

5

5

8

8

11

11

9

912

12

13

6

13
6

10

10

Evap. I
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1
2

4
5

8

11
9

1213

6

10

Cycle analysis

Qevap I = m12 (h13-h12)

Evap. I

Heat balance

𝑚8. ℎ8 = 𝑚ሖ8. ℎ ሖ8 + 𝑚11. ℎ11
𝑚8 = 𝑚ሖ8 + 𝑚11

𝑚 ሖ8 + 𝑚11 . ℎ8 = 𝑚ሖ8. ℎ ሖ8 + 𝑚11. ℎ11

ℎ ሖ8 =
𝑚ሖ8 + 𝑚11 . ℎ8 − 𝑚11. ℎ11

𝑚 ሖ8

Evap. II
𝑄

e୴apii
= 𝑚ሖ8. ℎ9 − ℎ ሖ8

= 𝑚ሖ8. ℎ9 −
𝑚 ሖ8 + 𝑚11 .ℎ8 − 𝑚11. ℎ11

𝑚 ሖ8

𝑄
e୴apii

= 𝑚ሖ8. ℎ9 − 𝑚 ሖ8 + 𝑚11 . ℎ8 + 𝑚11.ℎ11

𝑄
e୴apii

= 𝑚ሖ8. ℎ9 − ℎ8 − 𝑚11. ℎ8 − ℎ11

𝑄
e୴apii

+ 𝑚11. ℎ8 − ℎ11 = 𝑚ሖ8. ℎ9 − ℎ8
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54

1

2
3

47 5

811 9

12
13

6
10

𝑚ሖ8 =
𝑄

e୴apii

ℎ9 − ℎ8
+
𝑚11. ℎ8 − ℎ11

ℎ9 − ℎ8

𝑚 ሖ8 =
𝑄

e୴apii

ℎ9 − ℎ8
+

𝑚11. ℎ8 − ℎ11
ℎ9 − ℎ11
ℎ9 − ℎ8
ℎ9 − ℎ11

𝑚 ሖ8 =
𝑄

e୴apii

ℎ9 − ℎ8
+ 𝑚11

𝑥8
1 − 𝑥8

𝑚8 = 𝑚ሖ8 + 𝑚11

Similarly

𝑚ሖ4 =
𝑄

e୴apiii

ℎ5 − ℎ4
+ 𝑚7

𝑥4
1 − 𝑥4

𝑚4 = 𝑚ሖ4 + 𝑚7

𝑄
e୴apii

+ 𝑚11. ℎ8 − ℎ11 = 𝑚ሖ8. ℎ9 − ℎ8
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Heat balance of point 1

𝑚1.ℎ1 = 𝑚6. ℎ6 + 𝑚10.ℎ10 + 𝑚13. ℎ13

ℎ1 =
𝑚6. ℎ6 + 𝑚10. ℎ10 + 𝑚13.ℎ13

𝑚1
𝑚1 = 𝑚4

𝑚 ሖ4 = 𝑚5 = 𝑚6
𝑚 ሖ8 = 𝑚9 = 𝑚10
𝑚12 = 𝑚13

ℎ1 =
𝑚ሖ4. ℎ6 + 𝑚ሖ8. ℎ10 + 𝑚12. ℎ13

𝑚4



Example 6

• A refrigeration plant using R-134a, the plant have
one compressor, one condenser and three
evaporators of 30, 20 and 10 ton capacities,
maintained at 10, 5 and -10oC respectively. The
system comprises multiple- expansion valves and
back pressure valves. The condenser pressure is 10
bar. The vapour leaving the evaporators are dry
saturated. Assume isentropic compression.

• Determine;
• 1-the refrigeration effect
• 2- rate of flow of the refrigerant in kg/s
• and 3-the theoretical horse power required.
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Evaporators maintained at 10oC

10oC

5oC

5oC

-10oC

-10oC

The condenser pressure is 10 bar.

10 bar 3

47 5
811 9

12 13
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3

47 5
811 9

12 13

h 3 5 7 9 11 13 1 2
kJ/kg 255 403 213 400 204 391 ? ?

h3=255h7=213

h11=204

h5=403

h9=400
h13=391

x8=0.04
x4=0.22
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Evaporator I
Qevap I = m12 (h13-h12)
10 × 3.516 = m12 ( 391-204)

𝑚12 =
10 × 3.516
391 − 204 = 0.188 𝑘𝑔/𝑠

x8= 0.04

𝑚ሖ8 =
𝑄

e୴apii

ℎ9 − ℎ8
+ 𝑚11

𝑥8
1 − 𝑥8

=
20 × 3.516
400 − 213 + 0.188

0.04
1 − 0.04

= 0.376 + 0.0078

𝑚ሖ8 = 0.383𝑘𝑔/𝑠
𝑚8 = 𝑚ሖ8 + 𝑚11 = 0.383 + 0.188

= 0.571
𝑘𝑔
𝑠

𝑥4 = 0.22
𝑚ሖ4

=
𝑄

e୴apiii

ℎ5 − ℎ4
+ 𝑚8

𝑥4
1 − 𝑥4

=
30 × 3.516
403 − 255 + 0.571

×
0.22

1 − 0.22 = 0.712 + 0.161

h 3 5 7 9 11 13 1 2
kJ/kg 255 403 213 400 204 391 ? ?
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h 3 5 7 9 11 13 1 2
kJ/kg 255 403 213 400 204 391 ? ?

𝑚ሖ4 = 0.873 𝑘𝑔/𝑠

𝑚4 = 𝑚ሖ4 + 𝑚7 = 0.873 + 0.571
= 1.44 𝑘𝑔/𝑠

Heat balance of point 1

ℎ1 =
𝑚ሖ4. ℎ6 + 𝑚ሖ8. ℎ10 + 𝑚12.ℎ13

𝑚4

=
0.873 × 403 + 0.383 × 400 + 0.188 + 391

1.44

ℎ1 = 401 𝑘𝐽/𝑘𝑔
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3

47 5
811 9

12 13 610

h1=401

2

h2=437

𝐶𝑜𝑚𝑝.𝑃𝑜𝑤𝑒𝑟 = 𝑚4 ℎ2 − ℎ1
= 1.44 × 437 − 401 = 51.84 𝑘𝑊

𝐶𝑜𝑚𝑝.𝐻𝑃 = 51.84 × 1.34 = 69.5 𝐻𝑃

h 3 5 7 9 11 13 1 2
kJ/kg 255 403 213 400 204 391 ? ?



Heat Pipes
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A heat pipe is a simple device that can
quickly transfer heat from one point to
another. They are often referred to as the
“superconductors” of heat as it has an extra
heat transfer capacity. A heat pipe can
transfer up to 1000 times more thermal
energy than copper.



Components of a heat pipe
Heat pipe consist of three main components:
1. Container
2. Working fluid
3. Wick or

Capillary structure



1- Container:

1. Metal tubing, with high thermal conductivity, usually
copper or aluminum.

2.Shape of tubing can be bent or flattened.



2- Working fluid::
• Pure liquids such as helium, water.
• The type of liquid depends on the temperature range of the application.

Properties of working fluid

1. Good thermal conductivity.

2. Wettability of wick and wall material

3. Vapour pressure not too high or low over the operating temperature range

4. High latent heat

5. Low liquid and vapor viscosities

6. High surface tension

7. Acceptable freezing point



3- Wicking structure
The purpose of the wick is to generate capillary pressure to transport the
working fluid from the condenser to the evaporator
Purpose of the wick
•Transports working fluid from the
condenser to the evaporator.
•Provides liquid flow even against gravity.

How the wick works

 Liquid flows in a wick due to capillary action
 Intermolecular forces between the wick and

the fluid are stronger than the forces within
the fluid.

 Increase the capillary force and reduce the
gravitational effects.



Working
A) Evaporator
 The working fluid is heated to its boiling point and converted into a vapor.
 Pressure and temperature differences forces pay the vapor to flow toward

the cooler regions of the heat pipe.
B) Condenser
 Vapor gives up its latent heat of

vaporization
 Vapor cools down and returns to

its liquid state
 Working fluid then flows back

toward the evaporator through
the wick.



D) Heat exchanger

 The purpose of the heat exchanger is dissipates heat into environment

 Improve the thermal performance of heat exchangers by:

1. Increase surface area with more fins.

2. Using fan.



Steam Refrigeration
System

Hareth Maher Abd
Technical Engineering college/ Mosul



Introduction

The steam jet refrigeration system is one of the oldest
methods of producing refrigerant effect.

In this system, water is used as the refrigerant,
therefore cannot be used for applications below 0°C.

The steam jet refrigeration system is widely used in
food processing plants for precooling of vegetables etc.



The basic components of this system are: an evaporator, a
compression device, a condenser, and refrigerant control device.

This system employs a steam ejector (instead of mechanical
compressor) to compress the refrigerant to the required condenser
pressure level.



Principle work of system
The boiling point of pure water at standard atmospheric

pressure of 76 cm of Hg (1.013 bar) is l00‘C. It may be noted that
water boils at 7°C if the pressure on the surface of water is kept at
0.01 bar.

Therefore we can
reduction the boiling
point temperature of
water by reducing the
pressure on its surface.



Working of Steam Jet Refrigeration System
The main components of the steam jet refrigeration system are:

Boiler, flash chamber or evaporator, steam nozzles, ejector and
condenser. The main principles working can be explain by the
following steps:

1. The warn water coming
out from refrigerated
space is sprayed into the
flash water chamber
where some of water is
converted into vapor after
absorbing the latent heat.



2- The high pressure steam from the boiler is passed through
the steam nozzles causing increase in its velocity.

3- The high velocity of steam in the nozzle exit reduce the
pressure that lead to entrain the water vapor from the flash
chamber.

4- The mixture of
steam and water vapor
passes through the
venturi-tube of the ejector
and gets compressed.



5- The temperature and pressure of the mixture rises and fed
to the water cooled condenser where it gets condensed.

6- The condensate water is again feed to the boiler as feed water.

7- A make-up water is
feed to the flash
chamber to maintain
a constant water level
due to evaporation.



Steam ejector
The steam ejector is one of the important components of a

steam jet refrigeration system. It used the energy of fast moving
jet of steam to entrain the vapors from the flash chamber and then
compress it.



Steam ejector working:
1- The high pressure steam

from the boiler expands while
flowing through the
convergent divergent nozzle.
The expansion causes a very
low pressure and increases the
steam velocity.

2- The velocity range
between 1000 m/s to 1350 m/s
and the nozzle are designed for
lowest operating pressure ratio
of less than 200.



Steam ejector working:
3- The water vapors from the

flash chamber are entrained by the
high velocity of steam and both are
mixed in the mixing section at
constant pressure.

4- The mean velocity of the
mixture will be supersonic .

5- The supersonic steam gets a
normal shock in the constant area of
the diffuser throat, that lead to rise
the pressure and reduce the velocity
to subsonic.



Analysis of system:

 The point A
represents the
initial condition of
the motive steam
before passing
through the nozzle

 the point B is the final condition of the steam after nozzle,
assuming isentropic expansion.

 The point C represents the initial condition of the water vapor in
the flash chamber or evaporator.



 the point E is the condition of the mixture of high velocity steam
from the nozzle and the entrained water vapor before
compression.

 Assuming isentropic compression, the final condition of the
mixture discharged to the condenser is represented by point F.

 The condition of
motive steam just
before mixing
with the water
vapor is shown at
point D.



 The make-up water is supplied at point G
whose temperature is slightly lower than
the condenser temperature and is throttled
to point H in the flash chamber.

1. Nozzle efficiency: 𝜂ே = ௔௖௧௨௔௟ ௘௡௧ℎ௔௟௣௬ ௗ௥௢௣
௜௦௘௡௧௥௢௣௜௖ ௘௡௧ℎ௔௟௣௬ ௗ௥௢௣

=
ℎಲ−ℎಳᇲ
ℎಲ−ℎಳ

2. Entrainment efficiency: 𝜂ா = ℎಲ−ℎವ
ℎಲ−ℎಳᇲ

3. Compression eff.: 𝜂𝐶 = ௜௦௘௡௧௥௢௣௜௖ ௘௡௧ℎ௔௟௣௬ ௜௡௖௥௘௔௦௘
௔௖௧௨௔௟ ௘௡௧ℎ௔௟௣௬ ௜௡௖௥௘௔௦௘

= ℎಷ−ℎಶ
ℎಷᇲ−ℎಶ

4. Steam velocity from nozzle: 𝑉 = 44.72 ℎ஺ − ℎ஻ᇲ



5. Mass of mixture for compression= Mass of motive steam +
Mass of water vapor

𝑚 = 𝑚௦ +𝑚௩

6. Energy available for compression = 𝑚௦(ℎ஺ − ℎ஽)

7. Energy required for compression = 𝑚 ℎிᇲ − ℎா
= 𝑚௦ +𝑚௩ ℎிᇲ − ℎா

According to law of conservation energy:

𝑚௦ ℎ஺ − ℎ஽ = 𝑚௦ +𝑚௩ ℎிᇲ − ℎா
8. Net refrigerant effect: 𝑅ா = 𝑚௩(ℎ𝐶 − ℎ௙ீ)

9. The coefficient of performance of the system:
𝐶.𝑂.𝑃 = 𝑚ೡ(ℎ𝐶−ℎ೑ಸ)

𝑚ೞ(ℎಲ−ℎ೑ಸ)



10. Mass of motive steam required per kg of
water vapor produced in the flash chamber:

𝑚ೞ
𝑚ೡ

= ℎಷ−ℎಶ
𝜂ಿ𝜂ಶ𝜂𝐶 ℎಲ−ℎಳ −(ℎಷ−ℎಶ)



Example: A steam ejector refrigeration system is
supplied with motive steam at 7 bar saturated with
the water in the flash chamber at 4.5°C. The make-
up water is supplied to the cooling system at 18°C
and the condenser is operated at 0.058 bar. The
nozzle efficiency is 88%, the entrainment efficiency
is 65% and the compression efficiency 80%. The
quality of steam and flash vapor at the beginning of
compression is 92%.
Determine: 1. Mass of motive steam required per kg
of flash vapor; 2. Quality of vapor flashed from the
flash chamber; 3. Refrigerant effect per kg of flash
vapor; and 4. Coefficient of performance of the
system.

















Vortex Tube
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 It is one of the non-conventional type refrigerating systems.
 It consists of tangential nozzle, valve, Diaphragm, hot-air side,

cold-air side in addition to a compressed air supply.
Chamber is a portion that converted the air motion into spiral

form.
Hot side is cylindrical in cross section and is of different lengths

as per design.
Arrangement valve to controls the quantity of hot air through

vortex tube.
Diaphragm is a cylindrical piece of small thickness and having a

small diameter at the center which the cold air is passed through.





Working:

4. This flow controls by the valve.
5. Reversed axial flow through the core of the hot side starts from control valve
region to the back region.
7. During this process, heat transfer takes place between reversed stream
8. The cold stream is escaped through the diaphragm hole into the cold side

1. Compressed air enter the
nozzle and expands to high
velocity
2. A vortex flow creates in the
chamber
3.Air travels in spiral motion
along the periphery of the hot
side.







1. It uses air as refrigerant, so there is no leakage problem.

2. Vortex tube is simple in design and it avoids control systems.

3. There are no moving parts in vortex tube.

4. It is light in weight and requires less space.

5. Initial cost is low and its working cost are also less, where compressed air

is available.

6. Temperature as low as –50 °C can be obtained without any difficulty, so it

is very much useful in industries for spot cooling of electronic components.

7. Maintenance is simple.

Advantages



1. It has low coefficient of performance COP.

2. It has limited capacity and only small portion of the

compressed air appearing as the cold air

3. Only used for spot cooling purpose.

Disadvantages
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