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Abstract: The potential of an engine exhaust driven LiBr-water based absorption system for air-conditioning is
analyzed in this paper. The effects of generator, condenser, evaporator, and absorber temperatures on the
energy and exergy performance of the absorption system were observed. The results indicate that the coefficient
of performance increases with increase in evaporator temperature, but decreases with increase in condenser
and absorber temperature. The exergy analysis of the system indicates that air cooled condenser and absorber
shows higher exergy losses than the generator and evaporator. A small scale LiBr-water based absorption
system can be feasible to operate using exhaust heat energy from a diesel engine.
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. Introduction

In recent years, global warming and ozone depletion have stimulated the researchers to focus their
interest in absorption based cooling systems. These systems utilize such absorbent and refrigerant pairs, which
have very low or negligible ozone depleting effect. On the other hand absorption based cooling system can be
operated using waste heat energy as input. Hence industrial waste heat and heat energy from engine exhaust can
be utilized to operate such system. As a result it will reduce the thermal pollution to control global warming
with production of cooling effect in an eco friendly way [1, 2]. However it’s COP is comparatively low from
that of vapour compression refrigeration system (VCRS).

This limitation can be over looked, as vapour absorption systems (VAS) are operated on low grade thermal
energies and most importantly it allows avoiding use of chlorofluorocarbons (CFCs) that possess high degree of
ozone depletion and a major source of electricity consumer, which causes high demand of electricity during
peak summer [3]. It is crucial to promote absorption based cooling system to meet the cooling demand in place
of VCRS. A number of researchers have investigated the performance a VAS with aqua-ammonia and lithium
bromide (LiBr) — water as absorbent refrigerant pair, with cooling capacity ranges from 5 to 50 kW [4]. Small
scale cooling system gives very low COP with slow cooling rate, which require a focus for improvement of its
COP with compact designing. Additionally the small scale system must be operating on low temperature driving
source. Most of the researchers inclined their work towards aqua-ammonia pair because of the low boiling
temperature of ammonia (-33° C), which allows to go for cooling effect below 0° C [5, 6]. Ammonia is corrosive
to copper tubings, toxic and flammable in nature. In addition to these limitations, water as absorbent is
reasonably volatile which leads to presence of appreciable amount of water vapour in ammonia vapour leaving
the generator. This may result in clogging of evaporator tubing due to which an analyser and a rectifier is used
in aqua-ammonia system, which increases the system complexity [7]. Based on these restrictions of aqua-
ammonia system, LiBr-water absorption system based air-conditioning will be more suitable for study. In this
respect, improvement of performance of a LiBr-water absorption cycle using exhaust heat energy from a diesel
engine has been investigated in this paper. The thermodynamic analysis of a model LiBr-water absorption cycle
with 3.5 kW cooling load is performed to locate the components of the systemwhere exergy losses are affecting

the thermal performance of the system.

Il.  Cycle Operation Principles

A LiBr-water based absorption system linked to a 10 KW diesel engine, to utilize the exhaust heat
energy of the engine to heat the solution in the generator. The schematic diagram of the engine exhaust operated
LiBr-water absorption cooling systemis shown in Fig 1. The weak LiBr solution is heated in the generator by
the exhaust heat and water evaporates, leaving strong solution of LiBr in the generator. The evaporated water
vapour at high pressure (State 1) enters to the condenser, where it is condensed to high pressure liquid water
(State 2). Then the liquid water is expanded to the evaporator pressure through a throttle valve (State 3) and
flows through the evaporator results in cooling effect of the desired space, and then the vapour of water from the
evaporator enters to the absorber (State 4). The strong solution of LiBr coming from the generator through
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solution heat exchanger is expanded to the absorber pressure by another throttle valve (State 8 -10), absorbs the
refrigerant vapour coming from evaporator, and becomes a weak solution in the absorber releasing heat of
absorption. Again the weak solution from the absorber is pumped to the generator by a solution pump through
the solution heat exchanger (State 5-7). The solution heat exchanger attached in between generator and absorber
to improve the performance of the system. In VAS the pump is the only part which requires work input. This
work input is comparatively very small than that of the work input required by a compressor of a VCRS [8].
Due to the high vaporisation heat of water as compared to ammonia, LiBr-water cycle leads to a higher COP
than that of ammonia- water at same cooling capacity [9]. The heat flow pattern of the LiBr-water absorption
cycle is depicted in Fig 2. The energy and exergy analysis is getting more attention at present to evaluate the
performance of a thermal energy system. The maximum potential for a systemto perform work is a function of
its internal energy and the ambient conditions. The system energy balance deals with energy distribution based
on system integration [10, 11]. Focusing on exergy destruction at each components, the energy and exergy
analysis were performed to improve the performance of the vapour absorption based cooling system.

I11.  Thermodynamic model
The thermodynamic analysis of the VAS is done based on principle of mass conservation, energy
conservation, and second law of thermodynamics and applied to analyze each components of the system.
3.1 Energy and Exergy analysis
In this investigation the following principal equations are used to determine the mass and energy
conservation at each component. For the generator, the mass and energy balances are:

Total mass balance: m _=m, +m 1)
LiBr mass balance: X , m =X m, 2)

Where, m is the mass flow rate (Kg/s) and X7 and Xg are the mass fraction of LiBr in solution at respective
states.

Heat transfer rate for generator Q , Is calculated as:
Q,=m,h +mh,—m h, 3)
Where, h is the specific enthalpy (kJ/Kg). The mass flow rate of weak and strong solutions can be calculated
fromequations (4) and (5) respectively.

m ., X
m,=———" @)
X 8 X 7
m, X
My=———""— 5)
X 8 X 7
Energy balance for the solution heat exchanger is calculated by equation (6) and (7).
To=eT,+(1-¢)T, 6)
Where, ¢ =80%, is effectiveness of the solution heat exchanger.
m 8
h7:h6+, (hs_hg) ™
m

6
The energy increase by pumping is calculated as:

Wp

hy=h,+—- ®)
m6

W =m, (P - P)v, ©)

Where, W is Pump Work.
Energy balance for the condenser, evaporator and absorber are calculated as:

Qcon:ml(hl_hZ) (10)
Q. =M, (h,=h,) (11)
Qab:m4h4+m10h10_m5h5 (12)
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CoP :Q— (13)

Q o T w .
Exergy analysis overcomes the restrictions of the first law of thermodynamics and is based on both the first and
second laws of thermodynamics. By optimizing the energy distribution of all the systems, losses can be
minimized. In this study the chemical exergy is neglected [12, 13], so the exergy per unit mass can be defined as
[14]:
e=(h-h,)-T,(s—s,) (14)
Where, ‘e’ is the specific exergy, ‘h’ and‘s’ are the enthalpy and entropy respectively of the fluid at temperature
“T’, whereas, ‘hg’ and ‘sy” and‘s’ are the enthalpy and entropy respectively of the fluid at environmental
temperature Ty (303 K). The exergy loss in each component and the total exergy loss for the system can be
calculated as:

. . T
EDvg=m7e7—msea—mleﬁQg[l——oJ (15)
TQ
. . . T,
ED,con:ml(el_ez)_Qcon [1_ J (16)
Tcon
. . : T,
ED‘eva:ml(e3_eA)+Qeva(l_ J (17)
Teva
. . T
ED,ab:m4e4+mloelo_mSeS_Qab[l_ 0] (18)
Tab
ED,Tmal = ED,g + ED,con + ED,eva + ED,ab (19)

Where, ‘E _ ’ is the specific rate of exergy losses or exergy destruction. The ideal thermal performance of a

D

VAS is determined by assuming that the entire cycle is reversible in nature [8], in that case the reversible COP
can be calculated as:

TU Teva
Re versible COP =({1- — | ——— (20)
T TO - Teva

9

IV.  Thermodynamic Properties
In the schematic diagram state (1) to (4) requires the thermodynamic properties of water and state (5) to

(10) are based on LiBr- water mixture. The specific enthalpy and entropy of the LiBr- water mixture is
calculated by using correlations from reference [15]. The following assumptions were considered during the
study:

e The systemis operated under steady state conditions.

e Pressure drops and heat transfer losses in the pipelines are neglected.

e Expansion of the LiBr- water mixture through throttle valves is isenthalpic in nature.

e The solution pump is isentropic in nature.

e The refrigerant states at outlet of condenser and evaporator are saturated liquid and saturated vapour

respectively.

V. Results and discussion
The performance of each component of the LiBr-water based VAS are analyzed and discussed in this
section. The COP and reversible COP are represented graphically with variation of temperature for each
component. Heat transfer between two finite temperature, mixing losses and pumping losses leads the systemto
irreversibility [16, 17].

5.1. Effects of variation in generator temperature with cop and exergy of air-conditioning system

The variation of COP and reversible COP with generator temperature is shown in Fig. 3. The reversible
COP increases with increase in generator temperature, while COP decreases with increase in temperature
beyond 80° C. This may be due to increase in finite temperature difference between heat-exchange, which also
affects the exergy efficiency of the system. Although the higher generator temperature will produce more
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refrigerant vapour, at the same time it will lead to increase in temperature of the solution in the absorber. This
will result in increase in absorber load and will affect the absorption process leading to increase in mixing
losses; as a result reduces the COP and exergy efficiency with an increase in total exergy losses. Fig 4. shows
the variation of exergy efficiency and total exergy loss with generator temperature. With increase in generator
temperature up to 110° C the exergy efficiency reduced from 38.66% to 13.98%, and total exergy loss increased
from 0.372 to 0.603 kW.

5.2. Effects of variation in evaporator temperature with cop and exergy of air-conditioning system

Fig 5. represents the variation of COP and reversible COP with evaporator temperature. Increase in
evaporator temperature increases the vapour pressure in the absorber, leads in significant increase in absorption
process of the strong solution. At constant cooling load with increase in evaporator temperature, generator load
and absorber load also decreases [17]. The result also illustrates that the increase in COP with evaporator
temperature is quite linear as in comparison to that of increase in reversible COP. This leads to decrease in
exergy efficiency of the system with increase in evaporator temperature. The variation of exergy efficiency and
total exergy loss with evaporator temperature is shown in Figure 6. The curve indicates an increase in total
exergy loss. With increase in evaporator temperature from 6° C to 14° C the exergy efficiency reduced from
37.97% to 25.5%, and total exergy loss increased from 0.343 to 0.612 kW. This can be concluded that, the
desired cooling effect can be reached by decreasing the evaporator temperature, which should be limited to 6° C
as corresponding saturation pressure would be very low for water as refrigerant.

5.3. Effects of variation in condenser temperature with COP and exergy of air-conditioning system

The variation of COP and reversible COP with condenser temperature is presented in Fig 7. Condenser
temperature does not have any impact on reversible COP, while a slight decrease in COP is observed. The
coefficient of performance of a vapour absorption cycle under reversible condition depends on heat supplied
from the source (generator temperature) and heat removed from the air-conditioned space by the evaporator
(evaporator temperature). Hence reversible COP remains unaffected by variation of condenser temperature. If
cooling load is kept constant then with increase in condenser temperature, corresponding condensation pressure
increases. This leads in increase in load on the generator, as a result the COP decreases. It is also observed from
Fig 8. that, the exergy efficiency slightly decreases with increase in condenser temperature, while the total
exergy loss also increases rapidly with increasing condenser temperature. This can be related to increase in
temperature difference between the condenser refrigerant and environment. With increase in condenser
temperature, generator pressure increases leading to increase in generator load and absorber load. As a result
exergy losses increases in condenser and absorber; leading to decrease in exergy efficiency of the system. With

increase in condenser temperature up to 60° C the exergy efficiency reduced from 38.07% to 31.33%, and
total exergy loss increased from 0.322t0 0.973 KW.

5.4. Effects of variation in absorber temperature with COP and exergy of air-conditioning system

Fig 9. represents the variation of COP and reversible COP with absorber temperature, which shows a
similar trend as that of the condenser temperature. The absorption efficiency of the strong solution decreases
with increase in absorption temperature. This results in increase in generator load and absorber load with
increase in mixing losses in the absorber. The variation of exergy efficiency and total exergy loss with
evaporator temperature is shown in Figure 10. As the temperature difference between the strong solution and
weak solution decreases with increase in absorber temperature, negatively impacting the absorption process.
This results in major increase in total exergy loss of the system, leading to decrease in exergy efficiency. With
increase in absorber temperature up to 50° C the exergy efficiency reduced from 45.51% to 19.56%, and total
exergy loss increased from 0.144 to 0.786 kW.

VI.  Conclusions
The main aim of this investigation was to analyze the performance of a LiBr-water absorption cycle using
exhaust heat energy from a diesel engine.

1. The results indicate that the COP decreases with increase in generator, condenser and absorber
temperature and insignificant with increase in evaporator temperature. With variation in operating
conditions the COP of the systemranges from 0.42 to 0.76, whereas reversible COP varies from 1.65 to
2.95.

2. The exergy analysis of the system indicates that air cooled condenser and absorber shows higher
exergy losses than the generator and evaporator. The analysis reveals that, by maintaining the
condenser temperature and absorber temperature close to ambient temperature will not affect
significantly the performance of the absorption cycle.
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3. This will require an optimised design of the condenser and absorber for s mall scale application of LiBr-
water base absorption cooling system. The small scale LiBr-water base absorption cooling system can
be feasible to operate with exhaust energy froma diesel engine.
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Fig. 1 Schematic diagram of the exhaust energy based LiBr-water absorption system.
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Fig. 2 Temperature, pressure and concentration diagram of LiBr-water mixture [4].
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