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Abstract— Fossil fuels are on the verge of depletion, and the world energy consumption is in constant progression,
resulting in very serious concerns about environmental issues. Mechanical refrigeration based on vapor compression
principle uses high grade electrical energy, and refrigerant fluid with a global warming and ozone depletion potentials.
Absorption machine using solar thermal energy are excellent alternative to mechanical refrigeration. Absorption cooling
system is mature technologies that proved their abilities to clean cooling with the use of low grade solar heat. Analysis and
performance evaluation of 2KW capacity vapor absorption refrigeration system which is use low grade solar heat. Vapor
absorption refrigeration working fluid with water lithium-bromide mixture. The effect of the different parameter (heat
exchanger efficiency, generator, and absorber and condenser temperature) on the system performance is calculated.

IndexTerms— vapor absorption, water/Li-Br refrigerant, performance evaluation, solar collector.

1. INTRODUCTION

Refrigeration is the cooling effects to the process of extracting heat from lower temperature heat source, a substance [cooling
medium] and transferring it to a higher temperature heat sink, probably atmospheric air and surface water, to maintain the
temperature of the heat source below that of the surroundings. A refrigeration system is a combination of the component,
equipment, and piping which are connected in a sequential order to produce the refrigeration effect.

Absorption refrigeration system used heat to produce cooling or heating because conventional compression devices uses
electricity and produce energy savings. They work on the absorption process where solid or liquid sorbent absorbs refrigerant
molecules inside and changes their physical or chemical form. Absorption refrigeration system transforms thermal energy into
cooling power system. Another advantage of absorption refrigeration system is that they use environmentally friendly working
fluid pair without depleting the ozone layer of the atmosphere.

1.1 Vapor Absorption Refrigeration System [VAR]:-

In vapor absorption refrigeration systems [VAR] use thermal energy as the driving energy, instead of electrical or mechanical
energy as in more conventional vapor compression devices. The compressor is a main component of vapor compression system
[VCR] while an absorption system this compressor is sub situated by three components: an absorber where the vapor refrigerant is
absorbed into another fluid, a pump that pressurizes the mixture and a generator that separates the refrigerant from absorbent [see
figure 1.1]. The condenser and evaporator have the same function in vapor compression [VCR] and in vapor absorption systems
[VARY]; in the condenser the high pressure vapor refrigerant rejects heat changing to liquid phase, and in the evaporator the low
pressure liquid refrigerant absorbs heat producing the cooling effect, and changing to vapor phase again. ™4
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Fig -1: single effect vapor absorption refrigeration system [VAR]
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1.2 Construction and Working of VAR:-

The working fluid in vapor absorption refrigeration system [VAR] is binary solution consisting of refrigerant and absorbent. In
figure 2(A), two evacuated vessel are connected to each other. The left vessel contains liquid “refrigerant” while the right vessel
contains a “binary solution of absorbent [refrigerant]”. The solution in the right vessel will absorb refrigerant vapor from the left
vessel causing pressure to reduce. While the refrigerant vapor is being absorbed, the temperature of the remaining refrigerant will
reduce as a result of its “vaporization”. This causes the refrigeration effect to occur inside the left vessel. At the same time,
solution inside the right vessel becomes more “dilute” because of the higher content of refrigerant absorbed. This is called the
“absorption process”.

—— pr—

refrigerant solution

solution refrigerant

(b)

Fig -2: A: Absorption process occurs in right vessel causing cooling effect in other
Fig -2: B: Refrigerant

Whenever the solution cannot continue with the absorption process because of the refrigerant must be separated out from the
“dilute solution”. Heat is normally the key for his separation process. It is applied to the right vessel in order dry the refrigerant
from the solution as shown in figure 2(B). The refrigerant vapor will be condensed by transferring heat to surroundings. With
these processes, the refrigeration effect can be produced by using heat energy. However the cooling effect cannot be produced
continuously as the processes cannot be done simultaneously. Therefore, an absorption refrigeration cycle is a combination.

1.2 Components of VAR:-
I Hot reservoir
1. Generator
1. Condenser
V. Expansion valve
V. Evaporator
VI.  Absorber
VII. Solution Heat Exchanger
VIII. Pump

Omar ketfi et. al. ®® study about performed thermodynamic analysis of single stage vapor absorption refrigeration system
using water-lithium bromide (H2O-LiBr) pair and the theoretical result of cycle compared with another mathematical model.
moreover ,a simulation program using MATLAB was developed in scope of this study to solve problem. The simulation result
showed that the coefficient of performance (COP) of the cycle increases with increasing the generator and evaporator
temperature, while it decrease with the increase the condenser and absorber temperatures.

M.de vega et. al.?® conclude that in the desorber (generator), the inlet temperature of the hot fluid ranges from 75°C to 105° C.
In the condenser and the absorber inlet temperature of the cooling water goes from 20°C to 40°C. The coefficient of performance
(COP) obtained ranges from 0.5 to 0.8 for cooling duties ranging from 2kw to 12kw. They perform experiment on the LiBr-H20
chiller works by evaporating the refrigerant at temperature ranging from 2°C to 12°C and providing a design cooling loads
(7.5kw).

G.A. florieds et. al.®®® researcher design and construct 1Kw capacity vapor absorption refrigeration system. They conclude that
the life expectancy of LiBr-water absorption machine is approximately 20 years, Because of corrosion problem in the system.
They also conclude that the solution heat exchanger increase the efficiency of the unit. The greater the heat exchanger area or heat
transfer area, the greater its effect is.
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2. TECHNICAL SPECIFICATION

2.1 Design Parameter:

2.1.1 Absorber design parameter
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Fig -3: P-T diagram of LiBr-water absorption cooling
cycle

Parameter Value/Type
Tube diameter; Inside Di =10.7 mm
diameter
Tube diameter; D0 =12.7 mm
Outside diameter
Tube length 7m
Tube material type Copper

Table -1: Design data Absorber

2.1.2 Evaporator design parameter

Parameter Value/Type
Tube diameter; Inside D.=10.7 mm
diameter
Tube diameter; D = 12.7mm
Outside diameter
Tube length 7m
Tube material type Copper

Table -2: Design data of evaporator

2.1.3 Condenser design parameter

JETIR1605037

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

JETIR (ISSN-2349-5162)



May 2016, Volume 3, Issue 5

JETIR (ISSN-2349-5162)

2.1.3 Generator design parameter

Parameter

Value/Type

Tube diameter

inside diameter , Di
=10.7 mm

Tube diameter

outside diameter , D =

12.7 mm
Tube length 1.4m
Tube material type Copper

Table -3: Design data of Condenser

Parameter

Value/Type

Tube diameter

inside diameter , Di
=10.7 mm

Tube diameter

outside diameter , D =

12.7 mm
Tube length 1.4m
Tube material type Copper

Table -4: Design data of Generator

3. METHOLOGY
3.1Design of Component and Experiment Performance

3.1.1 Generator
Material selection: To heat the solution of LiBr-water required that good heat transfer occur between hot water tubes and
solution of surrounding. | have to choose copper tubes to construct generator pipe because of high thermal conductivity and its
Capacity is 3.45 KW.

To carry out some parameter test, thermocouples, vacuum pressure gauge, gate valves (for varying flow rate) are installed at
various point of the unit for measurement and adjustment.

Fig -4: Generator

3.1.2 Condenser
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Material selection: To condense the vapor efficiently required that good heat transfer occur between condenser tubes and
surrounding water. | have to choose copper tubes to construct condenser because of high thermal conductivity and Condenser

capacity is 2.62 KW.
To carry out some parameter test, thermocouples, vacuum pressure gauge, gate valves (for varying flow rate) are installed at

various point of the unit for measurement and adjustment.

Fig -5: Condenser

3.1.3 Evaporator

Material selection: - The evaporated is the falling film evaporator horizontal tube is selected for this component and it is made

from copper. Evaporator capacity is 2 KW.
To carry out some parameter test, thermocouples, vacuum pressure gauge, gate valves (for varying flow rate) are installed at

various point of the unit for measurement and adjustment.

Fig -6: Evaporator

3.1.4 Absorber

Material selection: The solution film can flow downward horizontal tubes for the absorber also choose copper tubes for the
absorber horizontal tubes and Absorber capacity is 2.8 KW.

To carry out some parameter test, thermocouples, vacuum pressure gauge, gate valves (for varying flow rate) are installed at
various point of the unit for measurement and adjustment.
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Fig -7: Absorber

3.1.4 Solution heat exchanger

Material selection: solution heat exchanger required that good heat transfer occur between solutions. | have to choose mild steel
tubes to construct heat exchanger and Solution heat exchanger capacity is 0.680 KW.
To carry out some parameter test, thermocouples are installed at various point of the unit for measurement.

Fig -8: Heat exchanger

3.2 Schematic diagram of Experimental work
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Fig -9: Line Diagram of Experimental Layout

3.3 Calculation of Coefficient of Performance of VAR system with plain tube heat exchanger
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Coefficient of performance is defined as,

COP = Qe/Qg
Q. = mc, AT
Where,
AT = heating water inlet-outlet temperature difference in the
evaporator.
m= Mass flow rate of water
Cp = specific heat
Therefore from the experiment data we have

COP=0.47

3.4 Calculation of Coefficient of Performance of VAR system with corrugated tube heat exchanger

Coefficient of performance is defined as,

COP =Q./Qy
Q. = mc, AT
COP =0.49

4. RESULT AND ANALYSIS

COP of vapor absorption refrigeration system is 0.47 while we use plain tube solution heat exchanger and COP of vapor
absorption refrigeration system is 0.49 while we use corrugated tube solution heat exchanger. So it’s clearly shows that COP of
the vapor absorption refrigeration system can be improve by the using corrugated tube heat exchanger instead of plain tube heat
exchanger. To operate generator temperature we will use solar collector which is helpful for the saving of the electricity during
day time.

4.1Result for vapor absorption refrigeration system with plain tube Hex

Absorber pressure (mm Hg)
vs. Outlet temp. (HEXx)
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Fig 10- Absorber pressure (mm Hg) vs. Outlet temp. (HEX)

Outlet temperature of water through heat exchanger in evaporator varies inversely with the maintained vacuum pressure. It is
possible to maintain the evaporator and absorber under a maximum of 528 mm Hg pressure. The actual lower temperature that
can be obtained in evaporator is 260C.
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COP vs. Inlet temp
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Fig 11 - COP vs. Inlet temp (Generator)

4.3Result for vapor absorption refrigeration system with corrugated tube HEx
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Fig 12- Absorber pressure (mm Hg) vs. Outlet temp. (HEX)

Outlet temperature of water through heat exchanger in evaporator varies inversely with the maintained vacuum pressure. It is
possible to maintain the evaporator and absorber under a maximum of 527 mm Hg pressure. The actual lower temperature that

can be obtained in evaporator is 270C.
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Fig 13- COP vs. Inlet temp (Generator)

For the analysis of the absorber and generator heat transfers, a condenser temperature of 33°C is used. For the LiBr-H20 system,
Figure 5.9 shows generator inlet temperature versus COP. It shows that a high generator temperature increases the cooling

requirements of the system.
For the entire above graph we conclude that the COP of vapor absorption refrigeration system can be improved with help of

corrugated tube heat exchanger instead of plain tube heat exchanger.
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5. CONCLUSION

From the theoretical calculation of 2kw vapor absorption refrigerator we can conclude that,

The vapor absorption refrigeration [VAR] is a simple technology. The LiBr water absorption refrigeration efficiency and
coefficient performance is depend upon the heat transfer rate of solution mixture in heat exchanger. Improve the heat transfer rate
of the heat exchanger so increase the efficiency of the system. The vapor absorption refrigeration is environmental protection
makes it attractive at a time where depletion of energy resources and environmental degradation are wider concerns.

6. FUTURE WORK
The present work will be extended to including following:

1. CFD analysis of entire vapor absorption refrigeration.
2. Improve the design of the heat exchanger to give better heat transfer between solution and refrigerant mixture.
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