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ABSTRACT

The energy and exergy analysis of “ammonia-water double evaporator vapour absorption
refrigeration system (NH;—H,0 DE VARS)” have been done in this correspondence. The
energy analysis of double-evaporator vapour absorption cycle involves the determination
of coefficient of performance (COP) at various operating conditions and study the effect
of the variation of both the evaporator temperature (i.e. To; & Te,), generator temperature

(i.e. Tq; & Tg,), absorber temperature (i.e. T,;& T,3), condenser temperature and other

parameters on the COP. It is observed that by using double evaporator NH;—H,0 VAR
cycle instead of using simple NH;—H,0 VAR cycle having cooling load (20 TR) at low
temperature, there is an increase in 11.11% COP in comparison to when the load on both
the evaporator is equal i.e. Qe.; = Q. = 10 TR and there is an increase of 22.22% in
COP when the system is fully operated at high temperature evaporator i.e. Qg =
20 TR,Qe, = 0. It is also observed that the optimum value of COP is obtained at the
temperature of 363° K and 383° K and at the pressure of 11.5 bar & 12 bar in generator-
1 & 2 respectively for equal loading of both evaporators i.e. 10 TR. The effect of variation
of both the generator temperature (i.e. Ty & Tgy), absorber temperature (i.e. T, & Tyy),
evaporator temperature (i.e. To; & Te;), condenser temperature and solution circulation
ratio (SCR-1 & SCR-2) in high pressure and low pressure circuit on the exergetic
efficiency (nex) are also discussed in this communication. Exergy analysis is also
performed to calculate the total exergy destruction rate, thermal exergy loss rate and the
destruction of exergy in each components of the system. It is observed that the maximum
exergy destruction occurs in the solution heat exchanger (shx-1& shx-2) followed by
absorbers (absorber-1& absorber-2), evaporators (evap-1& evap-2) and generators (gen-
1& gen-2). The maximum exergetic efficiency (nex) oOccur at a temperature of
358° Kand 378° K in generator-1 & 2 respectively. The study shows that NH;—H, 0 DE
VAR systems are more promising than simple VAR systems in a wide operating range of

evaporator temperature.
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CHAPTER-1
INTRODUCTION

The problem of environment pollution and global energy shortage have been increasing
seriously. Most of the industries uses thermal energy by burning fossil fuels to produce
heat or steam for its purpose. In this process only some percentage of the thermal energy
is utilised and the remaining part of energy is going waste which is rejected to the
surrounding and thus increase the environmental problems. This waste energy can be
utilised to produce useful refrigeration in the industries for the purpose of air conditioning
to give human comfort and also for the purpose of storing, manufacturing processes of
some products which require proper refrigeration for its increased life and reliability. The
use of heat operated VAR systems helps in reducing environmental problems such as
global warming and ozone layer depletion. In this way consumption of electricity for
conventional vapour compression refrigeration system (VCRS) is reduced and thus saves
the extra expenditure incurred on consuming electricity.

Vapor absorption refrigeration system (VARS) with the utilization of natural inviting
refrigerants have been given more consideration lately in light of the distinction in the
working liquid utilized in the regular vapor compression refrigeration system (VCRS)
and vapor absorption refrigeration system (VARS). The most regularly refrigerant
utilized in vapor compression refrigeration system is chlorofluorocarbon refrigerants
(CFCs), in light of their great thermo-physical properties however the utilization of CFCs
is confined because it is responsible for the depletion of ozone layer which protects us
from the sun ultraviolet rays. Although absorption refrigeration system provides many
advantages but still vapour compression systems dominated in the market due to its
design, cost and suitability. So as to advance the utilization of absorption systems, further
advancements are required to improve their exhibition, structure and decrease cost.
Besides, absorption refrigeration systems have been given more consideration since they
can likewise utilize non-conventional sources of energy such as sun oriented, geothermal,
biomass and waste heat from thermal systems as a heating capacity for these frameworks.
Because of this favourable position, these systems can challenge the VCR systems
disregarding their low COPs. Likewise, the working liquid utilized in absorption systems

are condition amicable.



The history of the development of the absorption cycles had been started approx. 300
years earlier as in 1700’s at the time when the generation of ice should be possible by
evaporation of unadulterated (pure) water from a vessel which would be contained in an
emptied holder within the sight of sulfuric acid. In the time of 1810, the generation of ice
should be possible from water in a vessel, which was associated to another vessel
containing sulfuric acid. In this procedure water vapor assimilated in the acid, which
would cause a decrease in the temperature and on the outside of water ice were framed as
layers. Erosion and spillage of air into the vacuum vessel were the serious issues looked
by this framework. In the time of 1859, Ferdinand Carre built up a novel machine utilizing
ammonia/water as the working liquid. In 1860, US patent would be taken out by this
machine. Machines were utilized to make ice and store sustenance which depended on
this patent. It was utilized as a fundamental structure in the early time of Refrigeration
advancement. During the long stretches of 1926-1933, hands were joined by Szilard and
Einstein in the zone of household refrigeration to improve the advancements and
development.

In the time of 1950's, a framework was presented for modern applications which utilized
lithium bromide/water as the working liquid. A couple of years after the fact, a twofold
absorption system was presented which has been widely utilized as a mechanical standard
for an elite heat worked refrigeration cycle. In 1960's, the absorption innovation returned
with application in cooling.

The greatest advantage of using absorption refrigeration systems is found in reducing
electricity consumption by using waste energy from the heat source, industries to increase
the system efficiency, environmental protection and economic benefits to the users. Now
a days, the cost of systems operating on absorption refrigeration is much higher than the
mechanical vapour compression refrigeration system (VCRS) of the same capacity. Also,
the operation costs are not enough to compensate the difference in between the two
refrigeration systems. So great commercial success is only possible by developing small

refrigeration units.

Principle of VARS

In both the refrigeration systems i.e. VARS and VCRS, refrigerant having low boiling
point (B.P.) is used where refrigerant evaporates (boils) in the evaporator which takes
away some heat providing the cooling effect on the system or space. The main difference

between the VCRS and VARS refrigeration systems is the way of refrigerant going back
2



into a liquid state and pass through the evaporator again to operate the cycle continuously.
An absorption system changes the gas into the liquid using a method which needs heat
and very less electrical energy to pump the liquid from low pressure to high pressure
which is very less because specific volume (9;) of liquid is very small in comparison to
the vapour (9,) but in VCRS system gas after evaporator section is compressed in
compressor to increase the temperature of gas so that it can rejects the heat into

surrounding in the condenser.

Absarber Evaporator

TEwaporaticlnT

Absorber Ewvaporator

I Absorption I

Absorber Ewvaporator

»
—n

Regenaration

= Refrigerant = Absorbant

Fig.1.1 Principle of VARS cycle

Fig.1.1 shows how the refrigerant passes through the different phases which can be

described in three phases namely:

1. Evaporation: A fluid refrigerant evaporates in a low partial pressure condition in
the evaporator, in this manner extricating heat from its environment (space to be
cooled or framework). Due to the low partial pressure, the temperature required
for evaporation is likewise low so heat transfer happens from surrounding to

evaporator. At least 5 — 10° C temperature required for heat transfer to happens.



2. Absorption: Now the refrigerant in gaseous stage is absorbed by another liquid
to form solution mixture (e.g. a salt solution). Now this solution mixture is
pumped at high pressure in the generator for regeneration of refrigerant to takes
place.

3. Regeneration: The refrigerant-fluid blend present in the generator is then
warmed, making the refrigerant evaporate out from the arrangement. The hot
vaporous refrigerant goes through a heat exchanger (for example condenser),
moving its heat outside the framework, (for example, to surrounding ambient-
temperature air), and consolidates. The condensed (fluid) refrigerant supplies to
the evaporator for the evaporation phase.

Another distinction between the two kinds of refrigeration systems is the sort of
refrigerant utilized in the system. VCRS commonly utilize a HCFC or HFC, while VARS
regularly use ammonia-water and Li-Br/H,0 mixes where one fluid is utilized as an
absorbant and other utilized as a refrigerant.
Some of the advantages of using absorption systems are as follows:

1. There are no moving parts in VARS with the exception of pump so that wear
and tear losses are less.
Systems is quite in operation as there is no moving parts.
Maintenance expenses of the system are very less.

Systems can work only with low grade energy as input.

o~

These systems can be built for huge working capacities.

Scope

In this communication, the analysis of simple VARS systems have been extended to the
double- evaporator ammonia water vapour absorption refrigeration systems. This can be
done by using the two evaporators in the system instead of using single evaporator in
simple VARS. The purpose of using two evaporators is to avail the effect of using cooling
load at wide range of temperatures. The program is developed in engineering equation
solver (EES) software to analyse the system.



CHAPTER-2
LITERATURE REVIEW

2.1 Summarization of various authors work

A number of researchers had studied the performance of the VARS which is presented
below:

Wang et al. [1] provides onboard refrigeration of fishing vessels from high-temperature
waste heat source which is generated from diesel engines. To do so, he proposed
molecular simulations (the Monte Carlo method) dynamic modelling method of the
double-effect vapour absorption cycles to reduce the complexity of the system by
preventing the use of rectifier in the system. In this proposed cycle, the COP of 1.1 is
accomplished at a temperature of —5 °C by utilizing best working liquid, which is
somewhat higher than that is gotten with the mix of generator-absorber cycles. When it
is coordinated with the waste exhaust gas that ways out from diesel engines, the system
cooling limit is adequate to work with the two seawater refrigeration plants for the
majority of the engines working modes in high-latitude zones

Liang et al. [2] added Li-Br in NH;—H,0 absorption refrigeration system to improve the
system performance. It can likewise expand the concentration of ammonia in the vapor
stream, in this manner it diminishes the utilization of energy during rectification,
However the negative impact on the absorber is seen on the presence of Li-Br. By
incorporation of electrodialysis process in this system, which isolates Li-Br from the
arrangement entering the absorber with the goal that the vast majority of the Li-Br is held
in the generator. By executing this, the working generator temperature is altogether
decreased and the COP of the system is improved contrasted with the basic NH;—H,0
VAR.

Vasudev et al. [3] propose a technique wherein he utilizes a latent heat storage substance
called as ethylene glycol, which is introduced in the Evaporator area of an
Ammonia/Water absorber system model to consider the transient impacts of ethylene
glycol on the temperature. It is tentatively demonstrated that Ethylene Glycol decreases



the rate essentially, in this manner it secures the nature of sustenance which is put away
inside.

Aprile et al. [4] investigates a completely stacked NH;—H, 0 heat pump driven by gas by
changing the temperatures of heated water and halfway stacked system is broke down by
diminishing the contribution of the gas down to half of the completely stacked worth. The
exactness in estimations improves by utilizing numerical simulations and this gives
comprehension of the COP variety and Gas Utilization Efficiency (GUE) in view of the
calorific value. The estimation of GUE of about 1.5 (steady) is found for the temperature
of high temp water lower than 50°C. It relentlessly diminishes to 1.33 from 50°C to 60°C.
The estimation of COP diminishes all the more easily from 1.73 to 1.60 in the temperature
ranges from 45°C to 60°C. The decrease in GUE and COP at half of the nominal gas input
is 6.8% and 6.4% respectively. It is additionally seen from simulations that the
performance of the system at halfway loads can be improved if dynamic control in the
mass stream rate of arrangement is executed.

Swarnkar et al. [5] works the system with the refrigerant as ammonia and distinctive ionic
fluids & water utilized as a solvent and cosolvent separately. The outcome demonstrates
that there is an enormous reduction in the circulation ratio when water is utilized as a
cosolvent and thus the equipment size, while it is additionally decline in coefficient of
performance marginally.

Jia et al. [6] proposes a solitary stage and balanced-type ammonia-water absorption-
resorption heat pump (ARHP) cycle which depends on the uneven ARHP cycle by
removing the utilization of the rectifier in the absorption system and it relies upon just a
single solute on circulation pump. By changing the fixation contrast of NH;—H,0
arrangement at various pressure levels, cycle moderates the interior mass and species. A
model acquired the sets of achievable high pressure/low pressure (P, /P) to empower the
cycle. The most extreme estimation of COP is 1.51 and it is gotten at the corresponding
heat supply temperature of 43.4°C when (P,/P) esteem is 1.50/0.48 MPa and the
temperature of heat source is 95°C.

Jawabhar et al. [7] proposed a framework where he recuperates greatest interior heat from
the streams utilizing the pinch point examination in the ammonia-water absorption
cooling system, subsequently increments in system performance. The system is worked
in the temperature scope of generator somewhere in the range of 120°C and 150°C, sink
temperature somewhere in the range of 25°C and 45°C and evaporator temperatures

between - 10°C to 10°C. In view of the recouping of the greatest conceivable internal heat

6



from this methodology, the cycle is changed with no further need of rectification and the
exhibition of this system is analysed. The estimation of coefficient of performance of this
proposed cycle is observed to be increments from 17% to 56% than that of an ordinary
cycle at same working conditions.

Horuz [8] concluded that VAR system using Li-Br/H,0 as a refrigerant provide better
performance than ammonia water VARS but water- lithium bromide has the limitations
of crystallisations problems and also it is impossible to operate the system in a very low
temperatures because of the use of water as a refrigerant in Li-Br/H, 0 vapour absorption
refrigeration system.

Toppi et al. [9] numerically assessed semi-GAX cycle at the working conditions which is
appropriate for the low temperature cooling application. The estimation of COP is
unequivocally affected by the split ratio, which is utilized to decide the intermediate
pressure and to accomplish the likelihood of GAX impact. The most extreme air
temperature is 40°C to permits a circulation ratio underneath 15, chilled water at 7/12°C
and 90°C of driving temperature.

Wau et al. [10] investigations that at the gulf temperature of 130 °C of generator, as the
inlet temperature of evaporator diminishes from —5 °C to —25 °C, the estimation of COP
of warmth siphon drops from 1.513 to 1.372, while the heating capacity of the system
weakens from the estimation of 77.26 kW to 47.11 kW, Also the examinations between
compressor assisted absorption heat pump (CAHP) and normal absorption heat pump
(AHP) demonstrated that by utilizing CAHP in the framework can expand the lower limit
reaches the inlet temperature of evaporator from —10 °C to —25 °C and it can likewise
upgrade the heating capacity by roughly from 55.5%-85.0% even under the typical
working states of AHP.

Dixit et al. [11] had done analysis of aqua-ammonia generator-absorber heat exchanger
(GAX) and hybrid GAX (HGAX) absorption cycles and determined the worked
conditions to think about the impact of temperature of evaporator, condenser and
generator and furthermore seen that absorber and desorber represents most elevated

energy demolition.



2.2 Conclusion of literature survey

On the basis of literature survey, it is concluded that lot of research work has been done
on the NH;—H,0 VARS cycle to increase performance of the system by using molecular
simulations to reduce complexity [1], recovering waste by using GAX and HGAX [8]
and [11], recovering internal heat from using pinch point analysis [7] . It is concluded
From Horuz [8] that Water-Lithium bromide refrigerant is not suitable for sub- zero
temperature and from Wu et al. [10], it is also concluded that COP of VARS system
decreases as the evaporator temperature decreases. It is also a known fact that exergy
analysis provides more substantial information in terms of useful energy than energy
analysis performed on the system. Second law analysis is useful in identifying the

magnitude and sources of irreversibility in energy conversion systems.

2.3 Research gaps
Since various researches have been done to increase the performance of the system
whatever work has been done is restricted only to increase performance by recovering
waste heat and reducing generator heat by adding another material to the refrigerant etc
but no efforts have been done to work in areas given below
1. From the literature survey, it is found that no work has been done on the double
or multi evaporator ammonia-water vapour absorption refrigeration system
(VARS) which is used as to increase the performance, if cooling load is available
at different temperature. With two evaporators in which one is at low temperature
and others is at high temperature.
2. Further the energy and exergy analysis are also not carried out in order to analyse

the double or multi evaporator in vapour absorption refrigeration system (VARS).

2.4 Objective of present work
1. A detailed energy and exergy analysis of ammonia-water double evaporator
vapour absorption refrigeration system (DE VARS) have been carried out in this
communication.
2. The value of coefficient of performance (COP) and exergetic efficiency (ney) are
calculated at various conditions by varying temperature and pressure of the

components.



3. The effect of cooling load of the evaporator-1&2, effect of the temperature of
generator-1&2, temperature of absorber-1&2 and temperature of condenser and
the effect of pressure in absorber-1&2 and generator-1&2 on the COP and n are
also analysed.

4. The analysis of the effects of ammonia mass fraction on the COP and n are also
carried out.

5. Exergy destruction and efficiency defect in the components of the system are also

calculated to observe the irreversibility within the systems.



CHAPTER-3
THERMODYNAMIC ANALYSES

3.1 System description

The main components of Double Evaporator Vapour Absorption Refrigeration System
(DE VARS) are divided into two circuits namely high pressure circuit and low pressure
circuit illustrated in Fig.3.1 are as follows. The subscript 1 and 2 denotes the components
of high pressure and low pressure circuit respectively.

e Condenser

e Throttle valve (TV-1 &TV-2)

e High and low pressure evaporator i.e. (Evaporator-1 & Evaporator-2)

e High and low pressure absorber i.e. (Absorber-1 & Absorber-2)

e Solution pump (Pump-1 & Pump-2)

e Solution expansion valve (SEV-1 & SEV-2)

e Solution heat exchanger (SHX-1 & SHX-2)

e High and low pressure generator i.e. (Generator-1 & generator-2)

In the high pressure circuit, The saturated strong solution (strong in ammonia) is pumped
to high pressure (2) and then passed through a solution heat exchanger (SHX) to recover
the heat internally. In the generator, external heat is supplied which boils off the
refrigerant and the remaining saturated weak solution (4) after giving its heat to the strong
solution by using SHX, expanded to low pressure in solution expansion valve flows back
to the absorber. The vapours leaving the generator (7) consists of ammonia and water
vapours, At the end of throttling process, water presents in the ammonia chokes the
system, which hampers the performance of the system so it is to be rectified in the rectifier
after leaving the generator. The vapours at the exit of rectifier (9) consists of almost 99.9%
pure ammonia vapours and remaining condensed water in the rectifier flows back to the
generator.

In the low pressure circuit, all the process occurs in same manners as that of high
pressure circuit. The ammonia vapours leaving from low pressure circuit i.e. rectifier-2

(18) mixes with ammonia vapours from (9) passes through the condenser gives heat to

10



the surrounding (20). The temperature at inlet of evaporator 1 is controlled by the amount
of pressure reduced in the throttling valve-1 (TV-1). The liquid refrigerant takes heat from
high temperature cooling space converts into saturated vapour and this saturated vapour

mixes with the weak solution in the absorber-1. This completes the high pressure cycle.

The remaining saturated liquid (22) reduced to low pressure (23) in throttle valve-2
(TV-2) depending upon the design temperature of refrigerated space temperature. The
liquid refrigerant gets heated in evaporator-2 converts to vapour mixes with weak solution

in absorber-2. This completes the cycle in low pressure circuit.

> L

Condenser 1 Rectifier-2
19 9 18
Rectifier-1 Qrecl 17 16
8 7 Qe
Q
20 Generator-1 & | & /
Generator-2
v 3 4
12 1
TV-1 High pressure ckt. Hx-é 3
2 5 § HX-2 §
U SEV-1 > >
21 Pump-1 < g
1 6
24 11 14
Evaporator-1 Absorber-1 PUMD-2
22 X > P SEV-2
Qel Qaz low pressure ckt.

o U - -
23 25

Evaporator-2 > Absorber-2
b. A

Qe2 X Qu

Fig.3.1 Schematic diagram of double evaporator NH;—H,0 vapour absorption
refrigeration system
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3.2 System analysis

3.2.1 Introduction

The theoretical analysis of the system involves mass balance, material balance for
ammonia, first and second laws of thermodynamic for energy and exergy balance to each
component of the system. To carry out these balances, each component is considered as

a control volume.

3.2.2 Mass and Material balances for Each Component

Mass balance involves the principle of conservation of mass in the control volume (C.V.)
i.e. the mass flow rate that is entering into the C.V. is equal to the mass flow rate leaving
out of the C.V. (1) and material balance involves the fraction of mass of ammonia in the
solution or refrigerant entering into the C.V. is equal to the fraction of mass of ammonia
in the solution leaving out of the control volume (2).
Ym, — Y m, =0 )
YmX;— YmeX, =0 (2)

Mass and material balance of the components of double evaporator NH;—H,0 VARS are
as follows
Evaporator-1

My = Mp4 = Mpq 3)

Evaporator-2

My3 = M5 = My (4)
Absorber-1

Mggy = My & My = Mg ®)

My + Myg; = Mgy (6)

My Xpg + Myys1 Xiys1 = Mgs1Xss1 (7)
Absorber-2

Mgsz = Myg & Mysp = Mys (8)

My, + Mygz = Mgy ©

M X2 + My Xwwsz = Mgs2Xss2 (10)
Pump-1

my; = My = Mggq (11)

12



X1 =Xy = Xgs1 (12)

Pump-2

Myo = Myy = Mgy (13)

X10 = Xq1 = Xss2 (14)
SHX-1

Mgg; = My = M3 & My,g; = My = Mg (15)

Xss1 = Xy = X3 & Xy = X5 = Xyys1 (16)
SHX-2

Mgsy = Myg = Myp & Mysp = My3 = Myy 17)

& Xws2 = X13 = X124 (18)
SEV-1

Mz = Mg = Myygq (18)

Xs = Xg = Xws1 19)
SEV-2

Mys = Mys = Mysz (20)

X112 = X15 = Xws2
Generator-1

Mgg; + Mg = My,g; + My (21)
Mgg1 X1 + MgXg = My Xws1 + MyX5 (22)

Generator-2

Mgy + M7 = My, + Myg (23)
MgspXss2 + My7Xq7 = MysaXwsz + MyeXie (24)
Rectifier-1

mg + Mg = my (25)
mgXg + moXg = m;X, (26)
Rectifier-2

my; + Myg = Myg (27)
m;;X17 + mygXig = MyeXi6 (28)

The refrigerant mixture after coming out of the both rectifier mixes and passes through
the condenser. The equation of mass and material at the exit of both rectifiers are as

follows

13



mg = my; &myg = My, &myg = m, (29)

my, + my, = m, (30)
Condenser

Myg = M3z = My (31)
X19 = X509 = X; (32)
TV-1

My, = My = My (33)
X20 = X21 = X; (34)
TV-2

m,, = My; = My, (35)
X22 = X23 = X2 (36)

3.2.3 Enerqgy balances for each component

Energy balance involves the principle of conservation of energy in the control volume
(C.V.) which is evaluated from the steady flow energy equation (S.F.E.E.) as given in
equation (37)

ZW—ZQzZmlhi—Zmehe (37)

Energy balance for the components of double evaporator NH;—H, 0 VARS are as follows

Evaporator-1

Qe1 = myq (hzg —hyy) (38)
Evaporator-2

Qez = my(hys — hy3) (39)
Absorber-1

Qa1 + Mgs1hy = myihyy + myys i he (40)
Absorber-2

Qaz + mgsohyg = mphys + my,sohys (41)
SHX-1

Consider effectiveness of heat exchanger SHX-1 is €;. The enthalpy at state point (5)

is calculated by the relation
€1 = (hy —hs)/(hy —hps) (42)
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Where h,,,s is the minimum enthalpy reached at state point (5) when temperature at state
point (5) is equal to the temperature at state point (2).
The enthalpy at state point (5) is calculated by the following relation

(f; — 1)(h4 —hg) = f;(h; —hy) (43)
Where f; is the solution circulation ratio in high pressure circuit
Which is calculated by the following relation

f1 = mgs1 /M =Xy — Xws1)/Kss1 — Xws1) (44)
SHX-2
Consider effectiveness of heat exchanger SHX-2 is €,. The enthalpy at (14) is calculated
by the relation

€, = (hiz —hy4)/(hyz — hpis) (45)
Where h,;4 is the minimum enthalpy reached at state point (14) when temperature at
state point (14) is equal to the temperature at state point (11).
The enthalpy at state point (12) is calculated by the following relation

(f; = D(hyz —hyy) = f(hyp — hyy) (46)
Where f, is the solution circulation ratio in low pressure circuit

Which is calculated by the following relation

fy, = Mggy /Mpp=(X; — Xiws2)/Kssz2 — Xws2) 47
Pump-1

Wy, = Mg, (hy — hy) (48)
Pump-2

Wy = Mg (hi1 —hyp) (49)
SEV-1

hs = hy (50)
SEV-2

hiy =hys (51)
Generator-1

Qg1 + mgs1hg + mghg = m;h; + myg,hy (52)
Generator-2

Qg2 + mgszhyp + myshy; = myghyg + mygyhys (53)
Rectifier-1

Q1 + mghg + mghg = m;h;, (54)
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Rectifier-2

Q2 + my7hy; + mygh;g = myghyg (55)
Condenser

Qc = my(hy9 — hyo) (56)
TV-1

h,o = hyy (57)
TV-2

h,, = hy3 (58)

Coefficient of Performance (COP) of this system is defined as the ratio of useful heat
(i.e. Qo1 & Qq,) to the work input to the system. Here useful heat is the cooling load in
both the evaporator of the system and input work is the summation of heat given to both
the generator and work input to both the pump, which is expressed as follows:

Qe1 + Qez (59)
(le + ng + Wy, + Wp2)

COPyg vars =

Where Q.; & Q., are cooling load in evaporator-1 and evaporator-2 respectively,
le & ng are the heat given to generator-1 and generator-2 respectively and Wy; & W,

are the work required to pump the solution form absorber to generator in high pressure

and low pressure circuit respectively.

3.2.4 Exergy analysis of the components of the system:

The exergy of a system is assessed by the second law of thermodynamics and it is defined
as the measure of usefulness, quality or capability of a stream to cause change and an
effective measure of the potential of a substance to impact the environment. The exergy
balance for a control volume undergoing steady-state process is expressed as:

b=z =g+ [0 -, s la-B e w @

Where Eq; represents the destruction rate of exergy occurring in the process of the

component under consideration. Ym;e; & Y e, represent the exergy of streams entering

and leaving the control volume in the components of the system. [Z(QKl—

?)l), ex(e|(1-3)

the source maintained at a constant temperature T and is equal to the maximum work

) ] represents the exergy associated with heat transfer Q from
e

obtained i.e. by the Carnot engine operating between T and T,, and therefore it is equal
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to the maximum reversible work obtained from heat energy Q and W is the mechanical
work transferred to or from the control volume in the components of the system.

Thermal exergy loss rate (E) [13] is identified with external irreversibility related with
the parts of the system, which happens because of temperature difference (AT) between
the components control volume (CV) and the environment. It relies on the choice of the
system limit. In the event that surrounding environment incorporate into the system, at
that point the warm framework limit is at a similar temperature as that of the surroundings
temperature and thus thermal system misfortune ends up being zero. In any case, on the
off chance that prompt surroundings does exclude in the system, at that point there is a
temperature difference between the system boundary and the surrounding environment.

For the last case, the rate of thermal exergy loss is given by

1- T?) (61)

Efficiency defect (8;) of a particular component is defined as the ratio of exergy

EL,i = Ql (

destruction in i, component to the exergy of the fuel given to the system i.e.
Eq,i + Ep; (62)
81 e w—
EF
Where EF is equal to

T, T, (63)
Qg1 *(1——) + Qg2*<1——> + Wyy + W,
Ty Ty

Exergy analysis of various components are as follows:

Evaporator-1

Ty + T .

r1 = (%) + AT (64)

: T 65

Egevar = Myq * ((hay = Ty *521) = (hpq — To *524)) + Qey * (1 - T_Ol) )

r

8 — EDeval (66)
eval E'F
Evaporator-2

Teiz + T,
T, = (<2252) 4 At (67)
(68)

(1-5)
Tr2

Ed,evaz = My * ((h23 — Ty * 533) — (hps — T, * 525)) + Qe *

17



5 _ Ed,evaz
evaz — ;

EF

Absorber-1
Ed,a1 = My * (hg — Ty *5g) + mypg * (hyy — Ty *534) — Mggq

T
“(hy =Ty s) = Quy + (1-22)
al
_ Ed,al + EL,al
S = Er

Absorber-2

Eqaz = My, * (hys — To * 515) + myp * (hys — Ty * S35) — Mg,

TO
* (hyg — To * 519) — Qaz * (1 - T_)
a2

5., = Ed,az + EL,aZ
a2 E-F
SHX-1
Ed,shxl = Mggq * ((hz — Ty *s3) —(hg = T, = S3)) + my,5q
* ((h4 - To * 54) - (hS - To * 55))

Ed,shxl
85hx1 = EF

SHX-2
Eqshxz = Mgy * ((h11 — Ty *511) — (hyp = T, * 512)) + my,q
* ((h13 — Ty *513) — (hyy — Ty * 514))

Ed,shxz
85hx2 = EF

Pump-1
Ed,solpumpl = Mgy * ((h1 — Ty *51) — (hy = Ty * 52)) + Wy,

Ed,solpumpl

8501pump2 = EF

Pump-2
18

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)
(79)



Ed,solpumpz = Mggp * ((h10 - To * S10) - (hll - To * S11)) + WpZ (80)

5 _ Ed,solpumpz (81)
solpump?2 E-F
SEV-1
Ed,sevl = Myg1 * T * (56 - 55) (82)
5 — Ed,sevl (83)
sevl E-F
SEV-2
Ed,sevz = Mys14 * Tp * (515 - S14») (84)
5 — Ed,sevz (85)
sev2 E-F

Generator-1

Ed,gl = Mggy * (hy — Tj * s3) + mg * (hg — T, * sg) — my * (h; — T, * s7) (86)

To
_mwsl*(h4_To*S4)+Qg1* 1——
Tgq

5. = Ed,gl (87)
gl ™ EF

Generator-2
Ed,gz = Mgy * (hyp — Tp * S12) + myy * (hyy — Ty *517) — myg (88)

* (hyg — To * S16) — Mysp * (hyz — T * 513) + Qg

. <1 _ E)
Tg,

Eq,g2 (89)
ng = B
EF
Rectifier-1

Ed,recl =mjy * (h; — T, *s7) —mg * (hg — T, * Sg) — mg * (hg — T, * Sg) (90)

~ Qeer (1 - fo )

Trecl
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Ed,recl + EL,recl (91)

8rec1 = EF
Rectifier-2
Ed,recz =myg * (hyg — Ty * S16) — Mgy * (hy; — T * 517) —myg (92)
T
* (hyg — To * S18) — Qrec2 (1 T > )
rec2
5 — Ed,recz + E:L,recz (93)
rec2 E-F
Condenser
. T 94
Edqcon = My * ((h19 — Ty % 519) — (hpg — Ty * 520)) —Qc * (1 - T_O) (4)
(o}
5 — Ed,con + EL,COI’I (95)
con E'F
TV-1
Ed,tvl = my * ((hzo — To * 530) — (hpy — Ty * 521)) (96)
5 _ Ed,tvl (97)
tvl E-F
TV-2
Ed,tvz =My * ((hzz — Ty * 532) — (hpg — T * 523)) (98)
5 _ Ed,tvz (99)
tv2 E-F

Exergetic Efficiency (1 OF ney)

It is defined as the ratio of the exergy rate of the product (EP) to the exergy rate of fuel
(EF). In steady state condition of system. In terms of exergy, EF and EP are the rates at
which the fuel is supplied and generation of product respectively i.e.

i = EP/EF (100)
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<Qe1 * (,I’I,‘—:l — 1)> + (Qe2 * (% — 1)) (101)

T T
<Qg1*<1_T:1)>+<Qg2*(1_T:2 >+Wp1 +Wp2

Exergetic efficiency also defined as the

Nex =

Eqi+EvL; (102)
Nex =1 ————
EF
It is also defined as the
Nex = 1 — X6; (103)

Where §; is the efficiency defect in a particular component of the system

3.3 Assumptions
Following are the assumptions taken to analyse the system.
1. The system operated in steady state conditions.
2. The refrigerant exits at saturated state in rectifier and condenser.
3. Except through the expansion valves, pressure drops in the system components
are neglected.
4. Efficiency of solution pump is 100%.

5. Effectiveness of solution heat exchanger (SHX) is 0.8.

3.4 Input parameters

1. Cooling load taken in both the evaporator i.e. evaporator-1 and evaporator-2 is
35.17 kW or 10 ton of refrigeration.

2. The temperature is varied from 245°K to 263°K and 278°K to 290°K in
Evaporator-1 and evaporator-2 respectively.

3. The temperature in both the evaporator is varied from 293°K to 313°K.

4. The temperature in generator-1 and generator-2 is varied from 353°K - 373°K
and 373°K - 403°K respectively.

3.5 Model validation

So as to validate the present model, the simulation consequences of energy analysis of
present work have been contrasted and the accessible numerical information determined
by Herold [13] for the simple vars cycle in the present work when the heat transfer from

the evaporator-2 is put to zero and the comparison of heat transfer in various components
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is shown in table.3.1. Heat transfer rate in all the components are within 1% when
compared to Herold et. al [13] as shown in table.3.1. The values of COP and solution
circulation ratio in the present case are 0.442 and 7.034 respectively and these values also
matches with the results of Herold [13].

Table.3.1 Comparison of the results of the energy analysis of present work with
the numerical data given in Herold [13]

Parameters: Te, = —10°C, T, = T, = 40°C, X,=0.999634, M =1 Kkg/s, difference in
mass fraction of two solution stream= 0.10, fluid leaving evaporator at vapor quality=

0.975, effectiveness of solution heat exchanger =0.8, Q. = 0.

Components Herold [13] Present work Difference
Q(kw) Q(kw) %
Generator 329.2 330.2 0.303
Absorber 275.8 275.7 -0.036
Condenser 157.2 158.6 0.88
Evaporator 147.2 147.3 0.03
Rectifier 45.0 45.33 0.727
Solution heat exchanger 256.0 257.0 0.389
Pump 1.5 1.489 -0.728
Solution  circulation  ratio | 7.025 7.034 0.127
(dimensionless)
COP (dimensionless) 0.445 0.442 -0.678
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3.6 Properties value at different points
The values of various properties i.e. temperature, pressure, enthalpy, entropy, specific
volume and ammonia mass fraction are calculated at different state points in the

ammonia-water DE VAR system as shown in fig.3.1. The values are shown in table 3.1

Table.3.2 Various properties at different state points of ammonia-water DE VAR cycle at
Py, = 12 bar, Py, = 12 bar, Ty; = 363K, Ty, = 383K, T,y =313KandT,, =

303 K

State P u v

point | h [kJ/k] | [kPa] |q S T[K] |[kJK] |[m"™3/kg] | X

1 -61.23 5 0 0.4357 | 313 -61.84 | 0.001227 | 0.4993
2 -60.37 12 -0.001 0.4357 | 313.1 |-61.84 | 0.001226 | 0.4993
3 88.83 12 0.003944 | 0.8887 | 344.7 | 86.69 0.001783 | 0.4993
4 173.3 12 0 1.12 363 171.8 0.001249 | 0.3994
5 -5.651 12 -0.001 0.5983 | 323.2 |-7.073 | 0.001185 | 0.3994
6 -5.651 5 -0.001 0.6009 | 323.3 |-6.244 | 0.001185 | 0.3994
7 1491 12 1.001 4.861 363 1325 0.1377 0.9678
8 173.3 12 0 1.12 363 171.8 0.001249 | 0.3994
9 1296 12 1 4.284 309.9 1166 0.1086 0.9996
10 -90.21 1.8 0 0.3243 | 303 -90.42 | 0.001156 | 0.3797
11 -89.03 12 -0.001 0.3243 | 303.1 |-90.42 | 0.001155 | 0.3797
12 162.7 12 -0.001 1.085 359.9 161.2 0.00123 0.3797
13 288.5 12 0 1.391 383 287 0.00123 0.3067
14 7.184 12 -0.001 0.5881 | 319.3 |5.82 0.001137 | 0.3067
15 7.184 1.8 0.005765 | 0.5917 | 317.2 | 6.105 0.005996 | 0.3067
16 1599 12 1.001 5.129 383 1424 0.1459 0.9149
17 288.5 12 0 1.391 383 287 0.00123 0.3067
18 1296 12 1 4.284 309.9 1166 0.1086 0.9996
19 1313 1166 |1 4.357 309.9 1179 0.1167 0.9996
20 140.8 1162 |0 0.4979 | 303 138.8 0.001683 | 0.9996
21 140.8 5 0.09724 | 0.519 277.3 127.9 0.02576 0.9996
22 18.72 5 0 0.08207 | 277.3 17.93 0.001575 | 0.9996
23 18.72 1.8 0.08617 | 0.1022 | 2519 | 8.297 0.0579 0.9996
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24 1298 5 0.9995 4.671 287.3 | 1167 0.2622 0.9996

25 1264 1.8 0.999 5.019 261.9 | 1140 0.6858 0.9996

Table.3.3 COP, heat transfer rate, exergetic efficiency and exergy destruction at states
corresponding to table 3.1

Qal QaZ le QgZ Qrecl QrecZ Qel QeZ COP
[kW] | [kW] | [kwW] | [kW] | [KW] | [KW] | [kW] | [kW]
49.77 |61.62 |57.71 | 7592 |8.144 | 13.69 | 35.17 | 35.17

Qcon Wh1 Wp2 Nex Stot Ed,tot EP EF | 0.5245

(kW] | [kw] | [kw] |[%] | [%] | [kw] | [kW] | [kW]
68.75 |0.1568 | 0.3162 | 17.45 | 8255 |15.45 | 4.779 | 27.66

Table.3.4 Various properties at different state points of ammonia-water DE VAR cycle at
Ph1 =12 bar, Ph2 =12 baI‘, Tgl = 373 K, ng = 393 K, Tal = 313 Kand Taz =

303K

State u v

point | h[kJ/K] | P[kPa] | q S T[K] |[kJK] |[m"3/kg] | X

1 -61.23 5 0 0.4357 | 313 -61.84 0.001227 | 0.4993
2 -60.37 12 -0.001 | 0.4357 |313.1 -61.84 0.001226 | 0.4993
3 104.2 12 0.01298 | 0.933 345.5 100.7 0.002942 | 0.4993
4 229.3 12 0 1.256 373 227.8 0.001238 | 0.3517
5 16.14 12 -0.001 0.6452 | 325.2 14.74 0.001164 | 0.3517
6 16.14 5 -0.001 | 0.6477 | 3254 15.56 0.001164 | 0.3517
7 1539 12 1.001 4,987 373 1369 0.1419 0.9462
8 229.3 12 0 1.256 373 227.8 0.001238 | 0.3517
9 1296 12 1 4.284 309.9 1166 0.1086 0.9996
10 -90.21 1.8 0 0.3243 | 303 -90.42 0.001156 | 0.3797
11 -89.03 12 -0.001 | 0.3243 | 303.1 -90.42 0.001155 | 0.3797
12 175.9 12 -0.001 | 1.122 362.8 174.4 0.001236 | 0.3797
13 350.3 12 0 1.522 393 348.9 0.001223 | 0.2638
14 35.87 12 -0.001 | 0.6401 | 3214 34.53 0.001121 | 0.2638
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15 35.87 1.8 -0.001 | 0.6437 |321.6 35.67 0.001122 | 0.2638
16 1671 12 1.001 5.289 393 1492 0.1495 0.8712
17 350.3 12 0 1.522 393 348.9 0.001223 | 0.2638
18 1296 12 1 4.284 309.9 1166 0.1086 0.9996
19 1313 11.66 1 4.357 309.9 1179 0.1167 0.9996
20 140.8 11.62 0 0.4979 | 303 138.8 0.001683 | 0.9996
21 140.8 5 0.09724 | 0.519 277.3 127.9 0.02576 0.9996
22 18.72 5 0 0.08207 | 277.3 17.93 0.001575 | 0.9996
23 18.72 1.8 0.08617 | 0.1022 | 251.9 8.297 0.0579 0.9996
24 1298 5 0.9995 | 4.671 287.3 1167 0.2622 0.9996
25 1264 1.8 0.999 5.019 261.9 1140 0.6858 0.9996

Table.3.5 COP, heat transfer rate, exergetic efficiency and exergy destruction at states

corresponding to table 3.3

Qa1 Qaz Qg1 Qgz | Qrect | Qrecz | Qer Q.. |COP
[kW] | [kW] | [kW] | [kw] |[kW] |[kW] |[kW] |[kW]
4928 [57.3 [60.08 |76.49 |[10.96 |1848 |[3517 |35.17
Qcon Wy, W, Nex Stot Ed tot EP EF | 05138
[kW] | [kwW] | [kwW] | [%] [%] [kw] | [kW] | [kW]
68.75 |0.1146 |0.2114 | 1547 |[84.38 |17.42 |4.779 |[30.9

Table.3.6 Various properties at different state points of ammonia-water DE VAR cycle at
Ph; = 12 bar, Py, = 12 bar, Ty; = 373K, Ty, = 393K, T,y =308KandT,, =

313K

State P u %

point | h[kJ/K] | [kPa] |q S TIK] | [kI/K] | [m"3/kg] | X

1 -61.23 |5 0 0.4357 | 313 -61.84 | 0.001227 | 0.4993
2 -60.37 | 12 -0.001 0.4357 |313.1 |-61.84 |0.001226 | 0.4993
3 88.83 |12 0.003944 | 0.8887 |344.7 |86.69 |0.001783 | 0.4993
4 1733 |12 0 1.12 363 171.8 | 0.001249 | 0.3994
5 -5.651 | 12 -0.001 0.5983 |323.2 |-7.073 |0.001185 | 0.3994
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6 -5.651 |5 -0.001 0.6009 |323.3 |-6.244 | 0.001185 | 0.3994
7 1491 12 1.001 4.861 363 1325 0.1377 0.9678
8 1733 |12 0 1.12 363 171.8 | 0.001249 | 0.3994
9 1296 12 1 4.284 309.9 | 1166 0.1086 0.9996
10 -59.84 | 1.8 0 0.409 308 -60.05 | 0.001147 | 0.3519
11 -568.67 | 12 -0.001 0.409 308.1 |-60.05 |0.001147 | 0.3519
12 188.2 |12 -0.001 1.145 364 186.8 | 0.001221 | 0.3519
13 288.5 |12 0 1.391 383 287 0.00123 | 0.3067
14 2442 |12 -0.001 0.6418 |323.3 |23.05 |0.001141 | 0.3067
15 2442 |18 0.01333 | 0.6457 |318.2 |22.19 |0.01241 | 0.3067
16 1599 12 1.001 5.129 383 1424 0.1459 0.9149
17 288.5 |12 0 1.391 383 287 0.00123 | 0.3067
18 1296 12 1 4.284 309.9 | 1166 0.1086 0.9996
19 1313 1166 |1 4.357 309.9 |1179 0.1167 0.9996
20 1408 | 1162 (O 0.4979 | 303 138.8 | 0.001683 | 0.9996
21 1408 |5 0.09724 | 0.519 277.3 |127.9 |0.02576 | 0.9996
22 18.72 |5 0 0.08207 | 277.3 | 17.93 | 0.001575 | 0.9996
23 18.72 | 1.8 0.08617 |0.1022 | 2519 |8.297 |0.0579 0.9996
24 1298 5 0.9995 4.671 287.3 | 1167 0.2622 0.9996
25 1264 1.8 0.999 5.019 261.9 | 1140 0.6858 0.9996

Table.3.7 COP, heat transfer rate, exergetic efficiency and exergy destruction at states

corresponding to table 3.5

Qal Qaz le ng Qrecl Qrecz Qel Qez COP
[kW] | [kW] | [kw] | [kw] | kW] | [kW] | [kW] | [KW]
49.77 | 7155 |57.71 |8566 |8.144 |13.69 |3517 |35.17

Qeon | Wpi | Wp2 | Mex | Stor | Egeor | EP EF | 0.4883
[kW] | [kw] | [kw] | [%] [%] [kw] | [kW] | [kW]
68.75 | 0.1568 | 0.5076 | 16.08 | 83.92 16.49 | 4.779 |30.01
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CHAPTER-4
RESULTS AND DISCUSSIONS

4.1 Introduction

A computer program has been developed using Engineering Equation Solver (EES)
software [14] for carrying out energy and exergy analysis of double evaporator NH;—H,0
VARS. The thermodynamic properties of saturated and superheated NH;—H,0 solutions

is calculated based on correlations Patek and klomfar [15] by generating a computer
program.

4.2 Energy analysis

4.2.1 Heat duty in various components of the system

Heat duty in various components at evaporator-1 and evaporator-2
load of 10ton & 10 ton respectively

BQ al mQa2 mQ_gl Q g2 mQ_recl mQ_rec2 mQ_con

Heat duty [kW]
w H (O (o)) ~ 0]
o o o o o o

N
o

[uny
o

Fig.4.1 Heat duty in components at cooling load in Q.; = 10 ton, Q., = 10 ton
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Heat duty in various components at evaporator-1 and evaporator-2
load of 5 ton & 10 ton respectively

Heat duty [kW]
& & & 8 3 8

N
o
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o

BQal mQa2 mQgl Q g2 mQ_recl mQ_rec2 mQ_con

Fig.4.2 Heat duty in components at cooling load in Q.; = 5 ton, Q., = 10 ton
Heat interaction in various components at evaporator-1 and
evaporator-2 load of 10 ton & 5 ton respectively
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Fig.4.3 Heat duty in components at cooling load in Q.; = 10 ton, Q., = 5 ton
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Fig.4.1 to 4.3 shows the heat duty in the components of the system at different cooling
load in evaporator-1 and evaporator-2. At cooling load of 10 ton in both the evaporator,
heat duty is highest in generator-2 (approx. 75 kW) followed by condenser and absorber-
2. Fig.4.2 depicts that decrease in cooling load in evaporator-1 decreases the heat duty in
high pressure circuit i.e. absorber-1, generator-1 and rectifier-1 but doesn’t affect the heat
duty in low pressure circuit i.e. generaror-2, absorber-2 and rectifier-2 similarly by
decreasing cooling load in evaporator-2 decreases the heat duty in low pressure circuit
not affecting heat duty in high pressure circuit as shown in Fig.4.3.

The decrease in the heat duty with the decrease in evaporator load in the corresponding
circuit is due to decrease in the mass flow rate in the corresponding circuit which

correspondingly decrease the heat duty in the components of the corresponding circuit.
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4.2.2 Effect of generator-1 and generator-2 temperature on the COP and solution

circulation ratio in high pressure and low pressure circuit

Fig.4.4 to 4.6 shows the effect of variation of temperature of generator-1 and generator-
2 on the coefficient of performance (COP) and solution circulation ratio (SCR) of the
system. It is observed that at constant temperature of generator-2 (110°C), as the
generator-1 temperature increases, the coefficient of performance(COP) of the system
first increases reaching maximum value of 0.53 at generator-1 temperature of approx.
85°C and then COP decreases as the temperature further increases, similarly at constant
temperature of generator-1 (90°C), as the generator-2 temperature increases, the value of
COP increases up to a value of 0.515 at a temperature of 110°C, then COP decreases as
the temperature increases further. At others temperature of generator which is kept to be
constant, there is low value of COP.

The reason for increasing COP up to some temperature is due to generation of more
ammonia vapours which increases refrigeration effects in comparison to increase in heat
transfer to generator and it is also due to decrease in solution circulation ratio which
decreases heat duty in generator. But after certain temperature, increase in generator
temperature increases the average temperature of condenser, rectifier and absorber in the
particular circuit which increase the irreversibility of these components as discussed in
exergy analysis thus increase in COP due to increase in temperature is offset by the
decrease in COP due to increase in irreversibility of components but the variation of COP
of system is more pronounced of changing in generator-2 temperature i.e. Tg, than Tg;.
This is due to the higher temperature of the generator-2 in comparison to generator-1
which brings higher irreversibility in components in comparison to generator-1 as the
temperature is varied.

The value of solution circulation ratio (f;&f,) defined in equation 29&30 for high
pressure and low pressure circuit respectively decreases as the generator temperature
increases as shown in fig.4.6. This happens because, as the generator temperature
increases, the ammonia mass fraction of weak solution increases so for constant absorber
temperature, difference in mass fraction of strong and weak solution decreases, therefore
SCR decreases as shown in fig.4.6. SCR affects the heat duty in the components of the
system like generator-1&2, absorber-1&2.
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4.2.3 Effect of generator-1 and generator-2 pressure on COP
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Fig.4.9 Variation of COP with P,; and B, together

Fig.4.7 to 4.9 shows the variation of both the generator pressure i.e. P,; & P, on the
COP of system. It is observed from Fig.4.7 that at constant generator-2 pressure, As
generator-1 pressure vary, the COP of system first increase up to some pressure and then
it starts decreasing and maximum value is obtained at the pressure of approximately 11.5
bar in generator-1 and maximum value of COP is obtained at constant generator-2
pressure of 10 bar and COP decreases with increases in generator-2 pressure similarly
from Fig.4.8 it is observed that at constant generator-1 pressure, As the generator-2
pressure increases, the COP of the system first increases and then it decreases with further
increase in Py,. This is due to the fact that as generator pressure increases, the temperature
of the corresponding generator also increases, so the variation of COP with generator
pressure is likely to behave in same manner as that of the generator temperature which
explained in detail in section 4.2.1, but the effect of varying generator-2 pressure is more
on the COP of the system than varying the generator-1 pressure because temperature in
generator-2 is more corresponding to that of the generator-1, so varying of generator-2
pressure causes more irreversibility in the system due to which COP of system decreases.
This is also due to the fact that generator-2 temperature has more effect on COP than
generator-1 as discussed in section 4.2.1.
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4.2 .4 Effect of evaporator-1 and evaporator-2 temperature on the COP

Fig.4.10 shows the effect of temperature of the evaporator-1 & 2 on the coefficient of
performance (COP) of system. The value of COP of the system increases by 5 % as the
inlet temperature of the evaporator-1 increases from 273° K to 290° K at constant inlet
temperature of 263° K in evaporator-2 and the value of COP of the system increases by
10.75 % as the inlet temperature of the evaporator-2 increases from 243° K to 253° K at
constant inlet temperature of 277° K in evaporator-1.

This is due to the fact that as temperature of both evaporator increases, the lower pressure
in evaporator and absorber increases so difference between high and low pressure
decreases which reduces irreversibility in the generator and absorber due to decrease in
difference of temperature of strong and weak solution going to absorber & generator and

coming out of them as discussed in section 4.2.5. in detail.
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Fig.4.10 Variation of COP with Tg;; and T,
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4.2 .5 Effect of condenser temperature on the COP of system
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Fig.4.11 Variation of COP with T,

Fig.4.11 shows the effect of condenser temperature on the COP of the system. The value
of the COP of the system decreases by 3.8 % as the condenser temperature increases from
293° Kto 313° K. this is because of the fact that temperature of the absorber-1 and
absorber-2 remains doesn’t change, hence ‘Xs4;’ & ‘Xgg,” remains constant, whereas
Xws1” and Xy’ decreases since the Ty and Ty, is constant but the Py, and Py,
increases due to increase in condenser temperature. This also causes an increase in
solution circulation ratio, so increase in circulation losses and increase in irreversibility

in components and thus reduction in COP.
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4.2.6 Effect of absorber-1 and absorber-2 temperature on the COP of system
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Fig.4.14 Variation of COP with T,; and T,,

Fig.4.12 to 4.14 shows the effect of absorber-1 and absorber-2 temperature on the
coefficient of performance (COP) of the system. As the temperature of either of the
absorber increases, the COP of the system decreases. This is due to the fact that as the
absorber temperature increases, the SCR (Equation 44&47) in the solution circuit
increases because ammonia mass fraction of strong solution (SS) decreases so difference
between ammonia mass fraction between strong and weak solution decreases which will
increase SCR. As SCR increases, mass of strong and weak solution increases which
increase heat duty of generator or heat transfer to generator so at constant cooling load in
evaporator, the COP of the system decreases. But the effect of temperature of absorber-
2 has been more pronounced on the performance of the system as that of temperature of
absorber-1 as shown in fig. 13 since the value of COP decreases by 3.8 % and 8.4 % when
temperature in absorbe-1&2 varies from 293° K to 313° K. this is because pressure in
absorber-2 is lower in comparison to absorber-1 so difference in pressure in generator-2
and absorber-2 is more and as discussed in section 4.2, the effect of high temperature of
generator is more So variation in COP is more in absorber-2 in comparison to absorber-
1.
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4.2.7 Effect of cooling load of evaporator-1 and evaporator-2 on COP of system

Fig.4.15 shows the variation of evaporator load on the coefficient of performance (COP)
of the system. As the cooling load on evaporator-1 increases keeping load on evaporator-
2 constant, the value of COP increases but the COP decreases when the load on the
evaporator-2 increases keeping load on evaporator-1 constant so it can be concluded that
the performance or COP of the system increases as the load is distributed on both the
evaporator instead of working on single evaporator-2. The reason for this is that by
distributing load on both the evaporator-1 and evaporator-2, the mass flow rate of
refrigerant is distributed to low and high pressure circuit and for total constant load on
evaporator, the total heat transfer to generator-1 and generator-2 decreases because low
heat is required to evaporate ammonia vapour in generator-1 i.e. in high pressure circuit

as discussed in detail in section 4.2 .

0-57 T T T T T T T T T T T T T T T

o Qg =0-35.17 kW,Q,,=35.17 KW

—50.,=0-35.17 kW.0.,=35.17 KW
0.54 C Qe

0.51 ]
o
@)
O
0.48 ]
0.45 |
0 5 10 15 20 25 30 35  4C
Qe [KW]

Fig.4.15 Variation of COP with cooling load on the Q., and Q.
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4.2.8 Effect of SHX-1 and SHX-2 on the COP of system

Fig.4.16 represents the variation of effectiveness of heat exchanger (€) on the coefficient
of performance (COP) of the system. The value of COP increases by 22.7 % and 52.6 %,
as the € of both heat exchanger increase from 0.1-1.0. The increase in COP with increase
in € is due to the fact that as € increases, more waste heat is utilised in heat exchanger so
heat transfer to generator decreases so COP increases. But the variation of COP is more
in case of the €44, than €44, because temperature of weak solution coming out from
generator-2 is more as generator-2 temperature is more so more heat is utilised in HX-2

therefore effect of €4, IS more than the €, as shown in fig.4.16.
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Fig.4.16 Variation of COP with €44, and Egy»
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4.2.9 Effect of difference in absorber-1, absorber-2 and condenser temperature on
COP
Fig.4.17 shows the effect of Ty = Tap =T, Tag > Ta1 = T, Tag = Ty > Te, Tag >

Taz = TC' TC > Tal = Taz, Tal = TC = Taz, Taz = Tal = TC and TC = Tal = Taz on

the coefficient of performance (COP) of the system. With the increase in T,,, T,, or T, a
decrease in COP of the system is observed. For the case T, = T,; = T,2, the value of
COP decreases by 1.5 % when the condenser temperature changes varies from
303°Kto 313°K at T,; = T,, = 303° K but the overall value of COP is maximum in
this case because condenser temperature has less effect on the COP than absorber
temperature as discussed in above section 4.2.4. For the case T,; = T;, = 313°K > T,
the value of COP decreases by 1.5 % as the condenser temperature changes from
303° K to 313° K but the overall value of COP is lowest in this case because absorber
temperature has more effect on the system especially the temperature of absorber-2 as
discussed in section 4.2.4. For the case T,; > T,, = T, the value of COP decreases by
almost same value by 1.5% as the condenser temperature changes from 303° K to 313° K
but the overall value of COP is higher than the previous case. For the case T,, > T,; =
T,, the value of COP decreases by 3.9% as the absorber temperature-2 temperature varies
from 303° K to 313° K. For the case Ty, = T, > T, the value of COP decrease by
almost same value of 3.9 % but the overall value of COP is lower than the previous case
due to higher temperature of absorber-1. For the case T,; = T,, = T, the value of COP
decrease by 1.5 % as the temperature of absorber-1 varies from 303° K to 313° K, but the
overall value of COP is highest as it coincide with the case T, = T,; = T, So It is
concluded from the results that at constant temperature of 303°K in other components,
the variation in COP is almost same when we vary absorber-1 and condenser temperature
between 303°K to 313°K. It is also concluded from fig.4.17 that effect of varying
absorber-2 temperature has more effect on the COP of system than varying absorber-1

and condenser temperature.
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4.2.10 Effect of ammonia mass fraction (X,.) on the COP of system
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Fig.4.18 Variation of COP of system with ammonia mass fraction (X,) at different

temperature difference between evaporator-1 &2 exit and inlet

Fig.4.18 shows the effect of variation in ammonia mass fraction of vapour coming out
from rectifier on the coefficient of performance (COP) of system at varying temperature
difference between both evaporator outlet and inlet i.e. (T, — Tej) 1. At temperature
difference of (T, — Te; = 5°C) between both evaporator outlet and inlet, the COP of the
system increase when X, varies from 0.95-1 and it will remain almost constant at
(Teo — Tei = 40°C) temperature difference but when the temperature difference (T, —
Tei) increase after 40°C the COP variation decreases when X, varies from 0.95-1.0 as
shown in Fig. 17.
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4.2.11 Effect of ammonia mass fraction on the evaporator inlet and outlet
temperature
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Fig.4.20 Variation of T,, with ammonia mass fraction (X;)
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Fig.4.19 to 4.20 shows the effect of ammonia mass fraction (X,) coming out from the
rectifier on the COP of the system. The inlet temperature of evaporator-1 and evaporator-
2 remains unchanged as the X, varies from the 0.95 to 1 as shown in Fig. 18 because it
will not affect the amount of pressure drop in expansion valve and hence temperature
remains almost constant at evaporator inlet as X, varies. However, the temperature at the
outlet of both the evaporator is higher when dry saturated vapour is present at outlet in
comparison to when wet vapour is present at outlet because to evaporate all the traces of
water, the temperature of evaporator should have to increase as water has higher boiling
point than ammonia. But the temperature at the exit of evaporator-1 and evaporator-2
decreases as X, increases from 0.95 to 1 when saturated vapor is coming out from the
evaporator outlet. This is due to fact that as X,. increases, the traces of water decrease in
ammonia so to evaporates all water, small increase in temperature is sufficient to

evaporate all traces of water.
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4.3 Exergy analysis

4.3.1 Effect of generator-1 and generator-2 temperature on the exergetic efficiency
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Fig.4.21 to 4.22 shows the effect of generator-1 temperature on the exergetic efficiency
of the system. It is observed that at constant temperature of generator-2, exergetic
efficiency increases with increase in temperature of generator-1 initialy reaching
maximum value at approximately 358° K and then it decreases with further increase in
generator-1 temperature and also the similar trend is observed with the generator-2
temperature at constant generator-1 temperature. As discuss in detail in section 4.2.1, the
effects of increasing the generator temperature have three aspects. Firstly, on increasing
the generator temperature more ammonia vapours generated. Secondly, this decreases the
SCR due to decrease in the ammonia mass fraction of weak solution , which decreases
the heat duty in the generator and the absorber so that exergy of the fuel (EF) decreases,
so exergetic efficiency increases. Thirdly, on increasing the generator temperature but at
constant cooling load on the evaporator-1&2, the weak soution and ammonia vapours
exiting from the generator in high and low pressure circuit increase, this increases the
temperature of absorber-1, absorber-2, and the condenser which brings higher
irreversibility in these components at high generator temperature. Therefore increasing
the generator temperature initialy increase the COP due to less irreversibility but at high
temperature the positive aspects of increase in COP is offset by degradation in COP due
to high irreversibility in the components in each circuit so the net effect is the decrease in

the exergetic efficiency (ney)-
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4.3.2 Effect of evaporator-1 and evaporator-2 inlet temperature on the exergetic

efficiency of system
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Fig.4.23 & 4.24 shows the effect of Tej; and Te;, On the ney Of the system. The COP of
system increases with increase in evaporator temperature as discuss above in section
4.2.3. but in case of exergetic efficiency (nex) It is observed that initially the exergetic
efficiency is almost constant for some temperature range then it decreases on increasing
the inlet temperature of both of the evaporator. Above figure also depicts that when the
temperature in the either of the evaporator which is kept constant is increases and other
vary, then the value of the n., of the system decreases as shown in Fig.4.23 & 4.24.

The reason for decrease in n.4 is observed from equation (101). As the evaporator
temperature increases the exergy of product (EP) decreases because of decrease in the
value of ratio of surrounding temperature and average temperature of evaporator-1&2.

Since the exergy of fuel (EF) is constant therefore 1, of the system decreases.
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4.3.3 Effect of absorber-1 and absorber-2 temperature on the COP of system
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Fig. 4.25 & 4.26 shows the effect of the absorber-1 and absorber-2 temperature on the
Nex OFf the cycle. It is to be observed that at constant temperature of 293° K in absorber-2
and the absorber-1 temperature varied from 293° K — 313°K , the n.4 of the cycle
decreases similarly as the absorber-2 temperature in the same range, the n.y of the cycle
decreases but the decrement in the n.y IS more in the later case. Also the curve of ney
shifts downward when the constant temperature in absorber-2 increases to 303°K as
shown in Fig.4.25 similarly when the constant temperature in absorber-1 increases to
313° K as shown in Fig.4.26.

The reason for decreasing of ne, with the either of the absorber temperature is due to
decrease in ammonia mass fraction of the strong solution in the particular circuit which
increase the solution circulation ratio (SCR) of the particular circuit due to which heat
duty in the absorber and generator of that circuit increases which also increases the exergy
of the generator so exergetic efficiency of the cycle decreases. Also the decrease in 1qy
due to increase in the constant absorber temperature is due to increase in irreversibility in
the absorber and generator of that circuit which will decrease the overall exergetic
efficiency.
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4.3.4 Effect of solution heat exchanger on the exergetic efficiency of system
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Fig.4.27 Variation of ng, With €41 and €g,4—»

Fig.4.27 represents the effect of solution heat exchanger effectiveness (€spx1 & €shxz2) ON
the exergetic efficiency of the DE VARS cycle. n., of the cycle increases with increase
in the effectiveness of each of the solution heat exchanger. It is observed that the
effectiveness of solution heat exchanger 2’ (eghx2) has a greater effect on exergetic
efficiency of the DE VARS than the effectiveness of solution heat exchanger ‘1° (€gpy2)-
The value of exergetic efficiency of the system increase by about 16.66 % at €¢},5, = 0.8
when the effectiveness of €4, is increased from 0.1 to 1 whereas this value increases by
86.3 % at €¢,x; = 0.8 when the effectiveness of €., is increased from 0.1 to 1.

The increase in exergetic efficiency of the cycle with increase in e, IS due to recovering
in the waste heat of the weak solution coming out of generator which decrease heat duty
of generator and hence increases the exergetic efficiency. The effect of €g;,4, IS more on
Nex, this is due to the higher temperature of generator-2 so more heat is recovered in low

pressure circuit.
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4.3.5 Effect of generator-1 and generator-2 temperature on the exerqy destruction
in the system
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Fig.4.29 Effect of Ty, on the exergy destruction in rectifier-1&2, throttle valve-1&2,
SEV-1&2, solution pump-1&2 and condenser
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Fig.4.28 to fig.4.31 shows the effect of the temperature of generator-1&2 on the
percentage exergy destruction in the components of the system. It is observed from the

Fig.4.28 & 4.29 that at Ty, = 383°K, if the temperature of generator-1 varies from
353°Kto 373° K, the exergy destruction (%) in the components of high pressure circuit
increases (i.e. 5% in generator-1, 1% rectifier-1 and absorber-1) with slightly decrease in
Ep(%) of other components Similarly it is observed from Fig.4.30 & 4.31, that at Tg =

363° K, if the temperature of generator-2 increases from 373° K to 403° K, exergy
destruction in the components of low pressure circuit increases (i.e. 7 % in absorber-2, 10
% in generator-2 and 5 % in rectifier-2) with slightly decrease in exergy destruction of
the other components.

The reason for the increase in the exergy destruction (%) in the components of
corresponding circuit with increase in temperature of generator-1&2 is that on increasing
generator temperature, the ammonia mass fraction of weak solution decreases in that
particular circuit, which increases the solution circulation ratio in that circuit due to which
circulation losses increases and the effect of increasing the generator temperator also
increases absorber temperature so due to this effect the exergy destruction in generator
and absorber of the corresponding circuit increases. The increase in exergy destruction of
the rectifier is due to the increase in the temperature of the vapour going to the rectifier
but the outlet temperature is almost constant so more losses occur in the rectifier of the
corresponding circuit. Therefore exergy destruction is increases due to increase in
generator temperaature.

The decrease in exergy destruction in other components is due to increase in the total
exergy destruction due to increase in the generator temperature but the Ep (kW) in the
particular component is same so that percentage exergy destruction decreases in the other

components because of increase in denominator part.
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4.3.6 Effect of ammonia mass fraction (X,.) on the exergetic efficiency of system

0.15¢ .

012’ M_

x
(8]
=
0.09¢ i
0.06¢ i
—0—hex, Xr=0.95- 1.0, Teo -Tei=10° C
—&—hex, Xr=0.95- 1.0, Teo -Tei=20° C
0.03l —+—hex, Xr=0.95- 1.0, Teo -Tei=30° C | |
0.95 0.96 0.97 0.98 0.99 1

Xr

Fig.4.32 variation of n., with the ammonia mass fraction (X,) at different temperature

difference between evaporator exit and inlet

Fig.4.32 shows the effect of ammonia mass fraction coming (X,) coming out from
rectifier on the exergetic efficiency of the system. The value of ., increases by 16.66 %
at temperature difference in both the evaporator is 10° C with the increase in the X, from
0.95 to 0.99963. It is also observed that if the temperature difference between outlet and
inlet in both of the evaporator increases, the exergetic efficiency of the cycle decreases.

The increase in the ney is due to the increase in the rate of heat transfer to evaporator at
constant mass flow rate of refrigerant mixture because of the increase in the ammonia
vapour in the refrigerant mixture which provides useful refrigeration effect which
increase exergy of the fuel (EF) and thus increase in the exergetic efficiency. The decrease
in Mnex With the increase in (T., — Tei) IS due to the increase in evaporator outlet
temperature which will increase temperature of absorber which will increase
irreversibility as discussed in section 4.3.3 and hence exergetic efficiency of the cycle

decreases.
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4.3.7 Effect of surrounding temperature (T,) on the COP of system
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Fig.4.33 variation of n., with surrounding temperature (T,)

Fig.4.33 shows the effect of the surrounding temperature (T,) on the exergetic efficiency
of the system. The value of the exergetic efficiency of the cycle increases from 4 % to 22
% when the value of the surrounding temperature (T,) increases from 283° K to 303° K.
this is because of decrease in irreversibility in the generator due to decrease to decrease
in finite temperature difference between generator-1, generator-2 and the surrounding but
there is also an increase in irreversibility in the evaporator due to increase in temperature
difference between evaporator-1 & 2 and surroundings because heat duty in the generator
is more than the evaporator so the net effect is the increase in the exergetic efficiency of

the cycle.
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4.3.8 Effect of generator-1 and generator-2 temperature on the thermal exerqy loss
of the system
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Fig.4.34 Variation of thermal exergy loss with Ty, in absorber-1&2, rectifier-1&2 and
condenser
—&—ELcon (%) —0—ELgy (%) —¢—EL o4 (%) o
40} —5—ELgy (%) —%—ELec2 (%) ] 7 i i
@ 30¢ e '
(7p] 7 o o i
o v —s
1 o ot
w 20} . .
e & : ° L—N— A
Dt Pt D D P X D < : =_§~a~ﬂ\v A yAS pAS A A A
10+t T —x a

370 375 380 385 390 395 400 405
TgZ[K]
Fig.4.35 Variation of thermal exergy loss with Ty, in absorber-1&2, rectifier-1&2 and

condenser
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Fig.4.34 and 4.35 shows the effect of the generator-1&2 on the thermal exergy loss (E,)
as defined in equation (61). It is observed that the thermal exergy loss in the rectifier-1
only increases by 11% when temperature in generator-1 increases from 353° Kto 373° K
without significantly affecting the thermal exergy loss in other components. Similarly the
thermal exergy loss in the rectifier-2 increases by 31% when temperature in generator-1
increases from 373° Kto 403° K without significantly affecting the thermal exergy loss
in other components.

The increase in exergy loss only in the rectifier of corresponding circuit is due to the
increase in the amount of ammonia-water vapour going to rectifier because at high
temperature, more ammonia-water vapour is generated that is to be rectified by extracting
heat out of the rectifier and hence increases thermal exergy destruction. The slightly
decrease in thermal exergy loss (%) is due to increase in total thermal exergy destruction
as discussed in section 4.3.5.
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4.3.9 Effect of temperature of various components on the total loss due to

irreversibility in the system
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Fig.4.36 to 4.39 represents the effects of temperature in various components like
generator-1 & 2, absorber-1 & 2, evaporator-1 & 2 and the condenser etc on the total
irreversibility of the cycle. The value of loss due to irreversibility in the system decreases
initialy and then increases when the temperature in either of the generator increases as
shown in fig.4.36. The reason for the same is discussed in detail in the section 4.3.1. The
value of loss due to irreversibility in the absorber-1 increases by 4.5 % and 57.14 % when
the temperature in either of the absorber varies from 293° Kto 313° K. The reason for
the same is discussed in detail in section 4.3.3. It is also observed from fig.4.38 that the
value of irreversibility loss in the condenser is linearly increases by 4.4 % when the
condenser temperature varies from 293° Kto 313°K. this is because of increase in
corresponding generator pressure with increase in condenser temperature which
correspondingly increase generator temperature which increase irreversibility loss as
discussed in section 4.3.1. The value of irreversibility loss decreases by 8 % and 14%
when the inlet temperature at the evaporator-1 varies from 268° Kto 280°K and

248° K to 263° K respectively.
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4.3.10 Exergy destruction in components

Exergy destruction in components at T_g1=363 K, T_g2=383 K
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Fig.4.41 Exergy destruction in components at T; = 373 K, Ty, = 383 K
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Exergy destruction in componentsat T_g1=363 K, T_g2= 403 K
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Fig.4.42 Exergy destruction in components at Ty; = 363 K, Ty, = 403 K

Fig.4.40 to 4.42 shows the exergy destruction in the components at different temperature
conditions. At Ty; = 363 K, Ty, = 383 K, the exergy destruction in the components of
system shows in Fig.4.40, in which exergy destruction mainly occurs in absorber-1&2,
evaporator-1&2, generatoe-1&2 and SHX-1&2, of which exergy destruction in solution
heat exchanger 2’ is highest. If the temperature of generator-1 increases to 373 K at
constant Tg, then the exergy destruction in the components of high pressure circuit have
been increased not affecting the exergy destruction in the components of low pressure
circuit as shown in fig.4.41 similarly if the temperature in the generator-2 increases to
403 K at constant Tg4, then the exergy destruction in the low pressure circuit have been
increased not affecting the exergy destruction in the components of high pressure circuit
as shown in fig.4.42.

The reason for increasing of exergy destruction with increase in temperature of generator
is due to the increase in the temperature of corresponding circuit and increasing mass flow
rates at constant cooling load which brings more irreversibility in the corresponding

circuit therefore exergy destruction in the circuit increases.
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4.3.14 Thermal Exerqgy loss in components

Thermal exergy loss in components T_g1=363 K, T_g2=383 K

mEL al wEL a2 ®wEL_con =EL_recl mEL_rec2

2.5

=
"

Thermal exergy loss [KW]

o
u

o
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Thermal exergy loss in components T_g1=373 K, T_g2=383 K
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Fig.4.45 Thermal exergy loss in components at To; = 373 K, Ty, = 383 K

Fig.4.43 to 4.45 shows the thermal exergy loss in the components at different generator-
1 & 2 temperature. Thermal exergy loss occurs due to the heat interaction between the
components and surrounding which takes place because of temperature difference
between the control volume and the surroundings where system boundary does not
include immediate surrounding, hence the thermal exergy loss occurs only in absorber-1
& 2, rectifier-1 & 2 and condenser. At optimum conditions of Ty = 363 K, Ty, =
383 K, the thermal exergy loss graph shown in fig. 43, in which thermal exergy loss (E,)
value is highest in rectifier-2 (1.9 kW) followed by absorber-1 (1.4 kW), condenser (1.1
kW), absorber-2 and recrifier-1. If the temperature of generator-2 increases keeping
temperature of generator-1 constant (i.e. at Tg; = 363 K, Ty, = 403 K), the E. in
rectifier-2 sharply increases to 4.1 kW with negligible effect in the other components as
shown in Fig.4.43. This is because of increase in refrigerant mixture containing more
water vapours coming out from generator-2 which has to be rectified in rectifier-2, so
more heat is rejected out from the rectifier-2 which correspondingly increases thermal
exergy loss from the rectifier-2 similarly if the temperature of generator-1 increases
keeping temperature of generator-2 constant (i.e. at Ty, = 373 K, Ty, = 383 K), the E.

in rectifier-1 increases as shown in Fig.4.45.
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CHAPTER-5
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

A program has been developed in the EES software to predict the performance of double

evaporator ammonia-water vapour absorption refrigeration system using energy and

exergy analysis. The conclusions drawn from the results are illustrated as below

1.

It is observed that the increase in temperature of both the generator increases the
COP of the system up to an optimum generator temperature of 90°C in generator-
1 and 115°C in generator-2, and with further increase in temperature of both
generator the COP of system decreases.

Similar trend in the variation of exergetic efficiency with generator-1 and
generator-2 temperature is observed as that of COP but the maximum value of
exergetic efficiency is obtained at a temperature of 80°C and 105°C in generator-
1 and generator-2 respectively.

The COP of double evaporator VAR system at constant cooling load of 20 TR (in
which 10 TR in each of the evaporator-1 and evaporator-2) is nearly 11.11%
greater than simple VARS operated at 20 TR cooling load. It is also shown that
the increase in evaporator temperature increases the COP of the system, the
conclusion drawn from here is that if cooling load is available at high temperature
as well as at low temperature then performance is increased by using two or more
evaporator instead of using single evaporator at low temperature.

It is also observed that the increase in the temperature of both the absorber i.e.
abrorber-1 and absorber-2, the performance of the system decreases and effect of
absorber-2 is more on the variation of COP of the system than the absorber-1 and
condenser.

It is also observed that increase in effectiveness of heat exchanger increases the
performance of the system but effect of heat exchanger-2 is more than the heat
exchanger-1.

It is also observed that the COP of the system increases when ammonia mass

fraction coming out from evaporator increases at constant temperature difference
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up to 40°C between evaporator outlet and inlet i.e. (Tg, — Te; = 40°C), with
further increase in temperature difference the COP of the system decreases.

It is also shown that variation in ammonia mass fraction (X,) has no affect on the
inlet temperature of evaporator but it affects the outlet temperature of evaporator
in a manner that outlet temperature decreases when ammonia mass fraction (X;)
Increases.

The exergy destruction mainly occurs in solution heat exchanger (SHX-2),
abrorber-1&2, generator-1&2, evaporator-1&2 of which exergy destruction in the
SHX-2 is highest.

It is also concluded that the variation in temperature of absorber-2 has the
maximum effect on the COP is observed than the temperature in absorber-1 and
condenser and the effect of change in the temperature of absorber-1 and condenser

is almost same on the COP of system.

5.2 Limitations and recommendations for future work

Following are the limitations of the DE VAR system

1.
2.

The addition of extra components in the system increases its cost and complexity.
The addition of extra components in the system increases the irreversibility in the
system.

This model is not successful for commercial purposes so continuous improvement
of the design is required to reduce its cost and complexity.

The results obtained at specified conditions in this system and valid for certain
assumptions considered, outside that conditions the results are not valid.

Since there are some of the limitations of the system but it has been recommended in

certain areas where it gives better results which are given below:

In certain industries which requires cooling load at different temperature for the
processing or manufacturing of product, storing of product or raw materials and
for comfort of peoples working there requires these types of systems which not
only saves additional cost but also use waste heat from the plant to utilise as a

input for the system.
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