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UTILISATION OF LOW TEMPERATURE HEAT SOURCES IN ABSORPTION REFRIGERATION SYSTEMS

ISKORIŠTAVANJE NISKOTEMPERATURNIH IZVORA TOPLINE U APSORPCIJSKIM RASHLADNIM SUSTAVIMA

AUSNUTZUNG DER NIEDERTEMPERATURWÄRMEQUELLEN
IN DEN ABSORPTIONSKÄLTESYSTEMEN

Abstract

In this paper, a detailed thermodynamic analysis of a two-stage absorption refrigeration system using binary mixture lithium bromide-water as a working fluid is presented. The coefficients of performance 
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 for different operating temperatures have been calculated and illustrated in diagrams. The comparison with a single stage absorption refrigeration system has been also done.
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Sažetak

U radu je prikazana detaljna termodinamička analiza dvostepenog apsorpcijskog rashladnog sustava koji za radnu tvar koristi binarnu smjesu litijev bromid-voda. U dijagramima su prikazani toplinski odnosi 
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 izračunani za različite radne temperature. Također je napravljena usporedba s jednostepenim apsorpcijskim rashladnim sustavom.

Ključne riječi: Apsorpcija, apsorpcijski rashladni sustav, litijev bromid-voda, radna tvar

Zusammenfassung

In der Arbeit wird eine detaillierte thermodynamische Analyse des zweistufigen Absorptionskältesystems dargestellt, das Lithiumbromid-Wasser Zweistoffgemische als Arbeitsmittel verwendet. Wärmeverhältnisse 
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 werden für verschiedene Arbeitstemperaturen berechnet und graphisch dargestellt. Es wurde auch ein Vergleich mit einem einstufigen Absorptionskältesystem gezogen.

Schlüsselwörter: Absorption, Absorptionskältesystem, Lithiumbromid-Wasser, Arbeitsmittel

1. INTRODUCTION

Absorption refrigeration systems are of considerable interest in situations where a large amount of waste heat energy in industries is available. Absorption systems use heat as a driving energy [1,2]. 

Single-stage and multi-stage absorption refrigeration cycles are analysed in many references for various binary and ternary mixtures, e.g. [3-7]. However, only absorption refrigeration cycles using lithium bromide-water (LiBr-H2O) and water-ammonia (H2O-NH3) as a working fluid have been operated successfully and have found commercial applications.

The mixture LiBr-H2O has an advantage in the air-conditioning. This system operates with water as refrigerant and lithium bromide as absorbent. Water possesses several very desirable properties as a refrigerant, including very high latent heat of vaporisation [8].

The heat sources required to run a single-stage absorption refrigeration system using binary mixture lithium bromide-water, should have a temperature over 
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 in order to achieve a reasonable coefficient of performance 
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. However, there exist a lot of low temperature heat sources of less than 
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 such as waste heat in industries or solar energy.

A two-stage absorption refrigeration system can be operated with a lower-temperature heat source than a single-stage system.

This paper presents the results of thermodynamic analysis of the two-stage absorption refrigeration system using binary mixture lithium bromide-water as a working fluid.


2. TWO-STAGE ABSORPTION REFRIGERATION SYSTEM

The two-stage absorption refrigeration system, schematically shown in Fig. 1, consists of high-pressure absorber 
[image: image7.wmf]H

A

, high pressure generator 
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, high-pressure solution heat exchanger 
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, condenser 
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, evaporator 
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, low-pressure absorber 
[image: image12.wmf]L

A

, low-pressure solution heat exchanger 
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, low-pressure generator 
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, three throttling valves and two pumps.

The thermodinamic state points of the working fluid are numbered on Fig. 1.

Fig. 2 shows the two-stage absorption refrigeration cycle in the 
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 diagram of the mixture. 
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The condenser temperature 
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In the condenser and in the generator 
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The temperature of the weak solution at the outlet of the high-pressure generator 
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[image: image39.wmf]L

G

. The generator temperature 
[image: image40.wmf]8

15

G

T

T

T

=

=

 depends of the hot heat sources. 

[image: image1.wmf]R

COP





[image: image41.wmf]2

m

p

p

log

C

p

E

p

1

=

x

0

T

C

T

G

T

T

15

12

17

8

5

10

4

aH

x

rH

x

aL

x

rL

x


Fig. 2  Two-stage absorption refrigeration cycle

Condenser temperature 
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The mass fraction of the weak and strong solution 
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The mass fraction of the vapour 
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In comparison to the two-stage absorption refrigeration system, a single-stage absorption refrigeration system is simpler. It generally consists of an absorber, a generator, a solution heat exchanger, a condenser, an evaporator, a pump and two throttling valves. 

3. THEORETICAL ANALYSIS OF THE TWO-STAGE ABSORPTION CYCLE

From the Fig. 1, the mass and heat balances of the system, using mass flow rates (
[image: image57.wmf]m

) and specific enthalpies (
[image: image58.wmf]h

) at different state points of the cycle, the heat loads can be expressed as follows from (1) to (18).

Low-pressure generator



[image: image59.wmf]7

7

11

11

8

8

GL

h

m

h

m

h

m

Q

-

+

=


(1) 



[image: image60.wmf]7

11

8

m

m

m

=

+


(2) 
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 are a mass flow rates of the weak solution and the strong solution for the low pressure cycle.

Low-pressure solution heat exchanger HXSL
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High-pressure generator
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 and 
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 are a mass flow rates of the weak solution and the strong solution for the high-pressure cycle, 
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 is a mass flow rate of the vapour.

High-pressure solution heat exchanger HXSH
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Evaporator
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The coefficient of performance of an absorption refrigeration cycle 
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 is defined as the ratio of the cooling effect 
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 (heat added to the refrigerant in evaporator) and the supplied heat 
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The coefficient of performance 
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 for the two-stage absorption refrigeration cycle
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4. RESULTS AND ANALYSIS

The results of thermodynamic cycle analysis of a two-stage absorption refrigeration system using binary mixture lithium bromide-water are presented. 

The coefficients of performance 
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 for different operating temperatures are calculated using equation (19). The results are illustrated in diagrams.

The generator temperature 
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Fig. 3 shows the influence of the generator temperature 
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[image: image93.wmf]R

COP

 of the two-stage absorption refrigeration cycle at three different evaporator temperatures: 
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It can be seen from Fig. 3 that the coefficients of performance 
[image: image97.wmf]R

COP

, for the lower evaporator temperature 
[image: image98.wmf]C

5

E

°

=

T

, are lower than that for the higher evaporator temperature 
[image: image99.wmf]C

10

E

°

=

T

. For both temperatures 
[image: image100.wmf]E

T

 the coefficient of performance at first increases as the generator temperature 
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 is increased, and then the coefficient of performance is practically independent of generator temperature. 

It can be also seen that for the evaporator temperature 
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Fig. 4 shows the variation of the coefficient of performance 
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It can be seen that for lower generator temperature 
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Fig. 3. Coefficient of performance 
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 for a two-stage absorption refrigeration cycle
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Fig. 4. Coefficient of performance 
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 for a two-stage absorption refrigeration cycle

For a comparison of the coefficients of performance 
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 for a single-stage and two-stage absorption refrigeration cycles, the coefficients of performance 
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 for a single-stage absorption refrigeration cycle are calculated according to [1] and [9]. Obtained results are illustrated in diagrams on Fig. 5 and Fig. 6. 

Fig. 5 shows the influence of the generator temperature 
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cycle at three different evaporator temperatures: 
[image: image122.wmf]C

5

E

°

=

T

, 
[image: image123.wmf]C

10

E

°

=

T

 and 
[image: image124.wmf]C

15

E

°

=

T

. The generator temperature 
[image: image125.wmf]G

T

 ranges from 
[image: image126.wmf]C

75

°

 to 
[image: image127.wmf]C

100

°

. Condenser temperature 
[image: image128.wmf]C

40

C

°

=

T

. It can be seen that the coefficients of performance 
[image: image129.wmf]R

COP

 at first increase as the generator temperature 
[image: image130.wmf]G

T

 is increased, and than coefficients of performance 
[image: image131.wmf]R

COP

 are practically independent of generator temperature.


[image: image132.wmf]0,5

0,6

0,7

0,8

0,9

1

70

75

80

85

90

95

100

C

40

C

°

=

T

C]

[

 

G

°

T

C

15

E

°

=

T

C

10

°

C

5

°

R

COP


Fig. 5. Coefficient of performance 
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 for a single-stage absorption refrigeration cycle
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Fig. 6. Coefficient of performance 
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 for a single-stage absorption refrigeration cycle

Fig 6 shows the influence of the temperature 
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 to the coefficient of performance 
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 of a single-stage absorption refrigeration cycle, at different condenser temperatures: 
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5. CONCLUSION

Thermodynamic cycle analysis of a two-stage absorption refrigeration system, carried out in this article for working mixture lithium bromide-water has given a lot of useful information about the coefficient of performance 
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. 

The comparison with a single-stage absorption refrigeration system shows that a two-stage absorption refrigeration system can operate at a lower generator temperature 
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 than a single-stage system. 
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Fig. 1. Schematic diagram of a two-stage absorption refrigeration system



AH - high-pressure absorber, AL - low-pressure absorber, C - Condenser, E - Evaporator, 



GH - high-pressure generator, GL - low-pressure generator, HXSH - high-pressure solution 



heat exchanger, HXSL - low-pressure solution heat exchanger.







� EMBED Equation.2  ���







� EMBED Equation.2  ���







2







3







High-pressure



stage







1











� EMBED Equation.2  ���







� EMBED Equation.2  ���







� EMBED Equation.2  ���







HXSH







� EMBED Equation.2  ���







� EMBED Equation.2  ���







� EMBED Equation.2  ���







15







14







� EMBED Equation.2  ���











13







12







17







� EMBED Equation.2  ���







Heat source







Cooling water







Chilled water







Cooling water















4



















11







� EMBED Equation.2  ���











Low-pressure



stage







16







� EMBED Equation.2  ���







10







5







9







6







� EMBED Equation.2  ���







8







7







� EMBED Equation.2  ���







� EMBED Equation.2  ���







� EMBED Equation.2  ���







� EMBED Equation.2  ���







HXSL







Cooling water







Heat source











_936085943.unknown



_952847292.unknown



_952847907.unknown



_953729557.unknown



_953729624.unknown



_953729660.unknown



_954398998.unknown



_954856319.unknown



_953729673.unknown



_953729635.unknown



_953729583.unknown



_953729604.unknown



_953729569.unknown



_953729431.unknown



_953729516.unknown



_953729538.unknown



_953729442.unknown



_953727325.unknown



_953729409.unknown



_953726807.unknown



_952847597.unknown



_952847668.unknown



_952847881.unknown



_952847657.unknown



_952847318.unknown



_952847380.unknown



_952847300.unknown



_952841545.unknown



_952845825.unknown



_952846214.unknown



_952847240.unknown



_952846198.unknown



_952845774.unknown



_952845786.unknown



_952845689.unknown



_936086104.unknown



_936093393.unknown



_936093412.unknown



_936093377.unknown



_936085977.unknown



_936085984.unknown



_936085949.unknown



_891952930.unknown



_936080356.unknown



_936080437.unknown



_936085922.unknown



_936085935.unknown



_936080443.unknown



_936080425.unknown



_936080431.unknown



_936080407.unknown



_891953331.unknown



_936080328.unknown



_936080342.unknown



_891953333.unknown



_891952933.unknown



_891953095.unknown



_891952931.unknown



_891952920.unknown



_891952925.unknown



_891952927.unknown



_891952928.unknown



_891952926.unknown



_891952923.unknown



_891952924.unknown



_891952921.unknown



_891952535.unknown



_891952847.unknown



_891952895.unknown



_891952628.unknown



_891952265.unknown



_891952268.unknown



_891952255.unknown




_956170786.unknown

_956170829.unknown

_956170644.unknown

_956170686.unknown

_956170079.unknown

_956170620.unknown

_956169908.unknown

_956169975.unknown

_955914465

_956169854.unknown

_956169879.unknown

_956169890.unknown

_955914531

_955914565

_955914399.unknown

_955306059.unknown

_955306143.unknown

_955811067.unknown

_955306181.unknown

_955306106.unknown

_955305979.unknown

_955306028.unknown

_954874234.unknown

_954874297.unknown

_954874373.unknown

_954874401.unknown

_955304390.unknown

_954874350.unknown

_954874260.unknown

_954874139.unknown

_954874185.unknown

_954874127.unknown

_954401613.unknown

_954856772.unknown

_954857200.unknown

_954857586.unknown

_954873619.unknown

_954874037.unknown

_954873677.unknown

_954857472.unknown

_954857208.unknown

_954856841.unknown

_954857092.unknown

_954856825.unknown

_954402092.unknown

_954606654.unknown

_954856708.unknown

_954402105.unknown

_954402229.unknown

_954401856.unknown

_954401973.unknown

_954401767.unknown

_954401118.unknown

_954401137.unknown

_954401354.unknown

_954401160.unknown

_954400819.unknown

_954400854.unknown

_954397913.unknown

_954397984.unknown

_954399519.unknown

_954400609.unknown

_954399438.unknown

_954397956.unknown

_954397834.unknown

_954397857.unknown

_954397563.unknown

_954397751.unknown

_954397661.unknown

_954397442.unknown

_954397520.unknown

_954397494.unknown

_953744486.unknown

_953744547.unknown

_953744719.unknown

_953744758.unknown

_953744530.unknown

_953744182.unknown

_953744378.unknown

_953744130.unknown

