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Despite the wide applications of multi-effect vapor absorption systems, their en-
ergy requirement is relatively higher. Also, their exergy analyses found in the lit-
erature reveal that the exergy destruction rate at the absorber is quite significant
and has the potential for improvement in its energy efficiency. In this work, the
exergy destruction rate at the absorber is minimized using the penalty factor
method against the optimized generator temperature of the double-effect vapor
absorption system by considering absorber, evaporator, and condenser tempera-
tures into consideration. Modeling of the double-effect vapor absorption system
was performed using a thermodynamic toolbox in SIMULINK. The present model
employed a refrigerant heat exchanger to enhance the system cooling capacity.
The liquid-vapor ejector valve at the absorber also improved the mixing of the
solution and refrigerant vapor resulting in lower irreversibility of the system. Re-
sults show that the coefficient of a performance increase by 2.4% with refrigerant
heat exchanger and exergy loss at absorber decrease by 9.4% with ejector. The
optimum performance was seen at the condenser and evaporator temperatures of
308.8 K and 278.1 K, respectively with an 8.2% improvement in exergetic effi-
ciency. Finally, it is concluded that the multi-effect absorption system shows bet-
ter performance by minimizing the irreversibility.

Key words: exergy destruction rate, LiBr-H,O, penalty factor method,
double effect vapor absorption system, cut-off temperature

Introduction

Energy markets in the world are in a state of change and the energy demand is intensi-
fying around the globe. As stated by the International Energy Outlook 2017 (IEOQ2017), be-
tween 2015 and 2040, world energy utilization expands by 28% with more than half of the in-
crease attributed to non-OECD Asian countries. International Finance Corporation market study
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declares that the total energy savings potential in Pakistan is 17.25%. Johnson Control tells us in
a report of energy consumption and heat recovery of the refrigeration system, 45% of energy is
used for refrigeration in a domain or an arena, [1]. Florides et al. [2] modeled the absorption so-
lar cooling system and they calculated the total equivalent warming impact (TEWI) of the sys-
tem and found that it has a lower TEWI being 1.2 times smaller as compared to the vapor com-
pression system. The further thermal energy storage capacity of the building can be improved
by adding phase change materials in glazing structures [3, 4]. In a comparative study of differ-
ent combinations of the refrigerant-absorbent, Siddiqui [5] found that the operating cost of the
LiBr-H20O cycle is the lowest. Asdrubali and Grignaffini [6] and Kumar et al. [7] calculated the
working of the single-effect absorption machine. Their experimental work shows that the ab-
sorption machine can operate with acceptable efficiency, with an input temperature of 65-70 °C
at the generator. Farshi et al. [8] executed the analysis of the combined ejector-absorption single
effect system and concluded that a single effect vapor absorption system (VAS) with ejector be-
fore the absorber exhibit relative low exergy loss at the absorber. Various approaches are re-
ported in the literature for using a liquid-vapor ejector at the entrance of the absorber to de-
crease losses of energy [8-10]. Chen [11] also presented and analyzed the modified ejector-
absorber absorption refrigeration cycle and get improvement in COP for refrigerant R-22 at the
0.5 effectiveness of heat exchanger (HE).

Azhar and Siddiqui [12] state that the multi-effect absorption cycle is more benefi-
cial because it results in high COP. Gomri and Hakimi [13] performed the Second law analy-
sis of the double-effect absorption refrigeration system. Results facilitate the identification of
system components with high exergy loss. Exergy analysis of the system operating with LiBr-
H>O shows that absorber has the highest exergy loss rate. Khaligq and Kumar [14] performed
the exergy analysis of double-effect vapor absorption system (DVAS). During exergy analysis
of single effect and multi-effect VAS, it is found that exergy loss is maximum at absorber re-
sulting high value of irreversibility. Arora and Kaushik [15] stated that energy efficiency and
COP are inter-related to absorber temperature as well. Exergy efficiency can be improved by
optimizing the operating conditions as performed by Rostami et al. [16]. Exergy destruction
within the system is due to the irreversibilities of the system [17]. Ben Jemaa et al. [18] de-
scribed the exergy destruction rate and stated that the exergy destruction rate at the solution
side is 74% of the total while too much in absorber (relative irreversibility 36%). As refriger-
ant vapors emitting from evaporator enters absorber, entropy generation is too much due to
the high temperature difference between the refrigerant and outer circuit cooling water. This
fact causes more exergy destruction rate at absorber making absorber less efficient component
of VAS. Exergy analysis offers more justifiable facts and figures while weighing the perfor-
mance of any thermodynamic system. Azhar and Siddiqui [19] performed the energy and ex-
ergy analysis for optimization of the operating temperatures. Rostamzadeh et al. [20] per-
formed the exergoeconomic analysis and optimized the performance of the combined power
and refrigeration cycle. There exist maximum COP and maximum exergetic efficiency as the
temperature in the secondary generator and main generator varied, thus leading to optimum
operating temperature for the absorption system. This temperature increases with an increase
in condenser and absorber temperature. Pandya et al. [21] stated that cut-off temperature in-
creases with an increase in absorber temperature. Because the mass concentration of LiBr in
solution increases contributing to the higher value of cut-off temperature. At lower generator
temperature, COP and exergy efficiency of the cycle improved as compared to classic absorp-
tion refrigeration cycles by using an ejector as performed by Sozen and Ozalp [10]. The pre-
sent model regulates the irreversibility of the system by implying the refrigerant heat ex-
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changer and liquid-vapor ejector before the refrigerant enters the absorber. The use of refrig-
erant heat exchanger (RHE) also improved the COP 3% as compared to previous work by
lowering the temperature in the evaporator to 5.2 °C. Moreover, improvements are obtained
by amending the temperatures at the evaporator and condenser by using an optimization tech-
nique of the penalty factor method (PFM) [22].

The DVAS model description

The DVAS system model operates with three distinct levels of pressure. Generator,
g, operates with high temperature and high pressure while secondary generator, gsec, and con-
denser, ¢, conduct the processes with medium pressure. Evaporator, €, ejector valve, Ey and
absorber, a, complete the processes with low pressure in the DVAS system. Primary genera-
tor, secondary generator, and condenser are single-pass horizontal tube HE. A strong solution
moves to the primary generator after passing through the solution HE. A high temperature
heat source [23] provides heat to the primary generator to produce refrigerant vapors. The
weak solution at the outlet of the generator enters the secondary generator subsequently pass-
ing the solution heat exchanger, HE2. In the secondary generator, water vapors coming out of
the primary generator produces more vapors from a weak solution by using latent heat of va-
porization of refrigerant.

Condenser

o
©

A

HG

Refrigerant heat
exchanger

Absorber Evaporator:

Figure 1. Block diagram of the DVAS

As a result, the weak solution becomes weaker and enters the next solution heat ex-
changer, HE1, where the transfer of heat between weak and strong solutions takes place. Low
temperature vapors coming out of the secondary generator, condensed in the water-cooled
condenser. Next passing through the RHE, the refrigerant enters the ejector valve. An ejector
is used to maintain an absorber pressure at a level higher than that in the evaporator. Weaker
solution coming from HE1 enters the ejector (primary flow of the ejector) and entrains vapors
(secondary flow) from the evaporator. The mixed stream is then discharged to the absorber at
the pressure of the absorber. A throttle valve is a dissipative integral that assists the other pro-
ductive component in VAS. The motive fluid is a weak solution that entrains the low pressure
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refrigerant vapors from the evaporator. Constant pressure evaporation will take place in the
evaporator. In this way, the cycle will complete.

Mathematical model description

Mathematical modeling of the proposed model of DVAS is given keeping the con-
servation of masses, energy, and exergy along with all the components. During the thermody-
namic analysis of the DVAS, each component of the system has been acknowledged as con-
trol volume with inlet and outlet streams, heat inlet and outlet flow, and/or work:

Qgen +W,
e =(h —hy) (s, —5,) )

where ey is the specific exergy of the component corresponding to specific enthalpy, hy, and
specific entropy, sx. By finding the region in a system where entropy generation occurs and
minimizing exergy losses, the overall exergy level of the system can be increased. Second law
analysis is based on exergy, ey, that is maximum possible useful work regarding some dead
state in the thermodynamic system with environment temperature, To, as:

> (me). + Z{Q (1— TT—OH = (me) . + Z[Q (1— TT_OJLI +yW A3)

n

where ejy is the exergy of flow stream at inlet and equ is exergy of the current at the outlet,
whereas, T is the temperature of the specific component under consideration. Exergy destruc-
tion rate for control volume in steady-state is calculated from the difference between incom-
ing and outgoing exergy flows:

ED =2 i, _Zmoeo+[zQi (1—%)—2@ [1—1—"'Hiw 4)

0

where T, is ambient temperature or dead state temperature, 7z and e; are mass-flow rate and
exergy at inlet, respectively, with inlet temperature, Ti. For a highly efficient system, the irre-
versibility of the system should be as small as possible. Another important consideration of
the absorption system is the cut-off temperature of the absorption system. It is the minimum
operating temperature of the system and it depends upon Ta, Te, and Tc. These temperatures
are correlated by using regression analysis:

T =X, + X T, + X T2+ X T, + X, T2 + X T, + X T, (5)

where Xo, X1, X2, X3, Xa, X5, and xe are coefficients of the eq. (5) given [21]. The previous equa-
tion is valid only for defined ranges of temperatures of absorber, evaporator, and condenser as
5<Te<15°C, 30 <Ta and Tc <45 °C.

Entropy and enthalpy correlations for modeling

There are correlations available in the literature to calculate entropy and enthalpy of
LiBr-H,O solution and refrigerant, water, at corresponding temperature, T, pressure, P, and
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concentration, v. For example, correlations for entropy and enthalpy calculation at the con-
denser corresponding to its temperature and pressure is:

h, =—B, + BT —B,T? + B,T> +B,P —B,P — B;PT? (6)

S, =—C, +C; log(T) —C, T+C,T? +C,P —C;PT +C,T )

Similarly, the correlation for entropy and enthalpy calculation at the evaporator,
generator, and secondary vapor generator are available [24]. Specific enthalpy of LiBr-H,O
solution after absorber is calculated using temperature, T [°C] and concentration, v, [%] of the
absorbent in solution. Instead of using graphs, can also use these correlations and that can eas-
ily model on SIMULINK, MATLAB using THERMOLIB blocks. Specific enthalpy and en-
tropy calculation of weak solution of LiBr-H2O after solution heat exchanger, the generator is
calculated:

h=(A, + AV)T +0.5(A, + AV)T? + (A, + AV + AV + AV®) (8)
5=23:Z3: D,;T'V! ©)
i=0 j=0

Specific entropy and enthalpy of saturated liquid water, after the rejection of heat of
condensation to weak solution for more vapor generation, can be calculated as given [25].

Modelling using THERMOLIB

Simulation is a way of mimicking the actions of the real system. Modeling in
THERMOLIB takes place using blocks of components. These blocks do not store mass except
tanks and some of the components have inputs and outputs as Qdot and Pmch representing ener-
gy flows across the border of the block. If correlation equations between variables are known
behind the performance of each component for which it is placed, modeling can be per-
formed. Modeling of DVAS using blocks has been done and steady-state analysis has been
performed.

Penalty factor method

To choose the more appropriate solution from available all the possible solution is
called optimization keeping all the constraints into account. Figure 2 shows the solving meth-
od for the Optimization technique for the PFM. The objective function is penalized in PFM
for violation of constraints. The penalty factor, Py, has a large impact on outcomes of the op-

Define objective Define input data Obtain best search
Start function and its =% and limits on variables by calculating 0——|
constrains variables fitness of variables
Penalize objective
function for disobeying

P;=1-

Optimum satisfy
convergence critetia

Calculate ED,
temperature
T Yes

Figure 2. Flow chart diagram for the optimization technique
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timization by this method [26]. If all constrained are satisfied then there will be no penalty to
the objective function. This optimization technique transforms a constrained problem into an
equivalent unconstrained optimization problem by introducing composite objective function
(COF) as shown below:

p=a+R# (10)

Minimizing the COF instead of minimizing objective function by assigning different
values of Py.

After that, keep on changing Pr and reach a point where regardless of the value of Pt
almost the same value as the COF. It reveals that COF getting stable with respect to Pr and at-
tains the optimum value of the objective function. Higher value of Ps gives more importance
to constrain and slow convergence occurs. The initially small value of Ps is used to get some
solution range. Chen and Dai [27] presented in their analysis that the selection of a good pen-
alty parameter will accelerate the convergence of objective function.

Validation of model and comparison

Input variables for the model were considered from Arora and Kaushik [15] study
about the double-effect absorption system. Validation of model and data are given in tabs. 1
and 2. The differences in values of heat transfer and exergy destruction rate are less than
6.14% at Tg= 140.6 °C, Te= 7.2 °C, Ta= T, = 37.8 °C, m =1 kg/s, effectiveness of HE = 0.7.
The generator operates with a high pressure of 64.47 kPa and a high temperature of 140 °C.
The secondary generator and condenser operate with a medium level of pressure i.e. 6.558
kPa. Absorber and evaporator operate with low pressure of 1.016 kPa.

Table 1. Comparison and differences of First law analysis results for DVAS

Component Q [KW]
[15] Present work Differences [%]

Generator 1868.711 1854 -0.787
Absorber —2942.175 —2949 0.231
Secondary generator 1272.479 1272 -0.078
Air cooling evaporator 2355.45 2356 0.023
Condenser —-1282.052 -1283 0.073
Pump 0.3598 0.3819 6.142
Solution HE1 518.596 545.8 5.245
Solution HE2 861.206 835.2 -3.019
Energy input 4224.521 4210.38 -0.334
Energy output 4224.227 4232 0.184

Figure 3 shows the same trend of the effect of absorber and condenser temperature
on the cut-off temperature of the absorption system as shown by Pandya et al. [21].
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Table 2. Comparison and differences of Second law analysis results for DVAS

EDmin [KVV]
Component -
[15] Present work Differences [%]
Generator 721.721 720.97 3.457
Absorber 67.549 67.39 0.235
Secondary generator 12.475 13.21 5.891
Air cooling evaporator 2355.45 2356 0.023

Results
In the DVAS, the enthalpy and entropy 365

_7.=278-2028K
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DVAS are shown in tab. 3.
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Effect of evaporator temperature
and absorber temperature

As the temperature in the evaporator increases, the exergy destruction rate at the ab-
sorber also increases. Lower evaporator temperature is desirable for lesser exergy destruction
at absorber as shown in fig. 4(a). Lesser exergy destruction rate at the absorber should be at-
tained at some suitable temperature at the evaporator. Similarly, as the temperature in the ab-
sorber changes, the exergy destruction rate at the absorber varies. Since the rejection of heat at
absorber and condenser takes place with water of streams that are available in a range of
35 °C to 40 °C. Figure 4(b) shows that as absorber temperature increases, the exergy destruc-
tion rate at absorber will decrease. But the higher temperature at the absorber decreased the
absorbance of the absorbent as declared [22] and the lower temperature at the absorber de-
creased the cut-off temperature that is desirable in any absorption system.

Effect of the mass-flow rate of weak solution

Figure 4(c) showing the effect of the change of mass-flow rate, 1, of the weak solu-
tion on the exergy destruction rate of the absorber EDa.. A higher mass-flow rate in the absor-



Mushtaq, M. U.., et al.: Exergy Destruction Rate Minimization in the Absorber of ...
1428 THERMAL SCIENCE: Year 2022, Vol. 26, No. 2B, pp. 1421-1434

Table 3. State points for the modified model of DVAS with the calculated parameter

State points | Ti[°C] Pi [KPa] xi [kgkg?] i [kgs ] hi [KJkg?] | Si[KIkgiK1]
1 37.8 1.016 0.5542 9.033 91.88 0.2288
2 37.8 64.47 0.5542 9.033 91.92 0.2288
3 66.15 64.47 0.5542 9.033 149.3 0.4066
4 87.8 6.558 0.62323 8.033 221.2 0.4787
5 53.01 6.558 0.62323 8.033 156.7 0.2905
6 53.01 1.016 0.62323 9.033 421.98 1.272
7 87.8 6.558 0 0.4671 2664 8.58
8 37.8 6.558 0 1 158.3 0.5428
9 25.62 6.558 0 1 105.83 0.3772
10 2.505 1.016 0 1 105.83 9.089
11 1115 64.47 0.5542 9.033 2447 0.669
12 138.15 64.47 0.58898 8.5 307.1 0.7672
13 88.14 64.47 0.58898 8.5 205.8 0.5053
14 88.14 6.558 0.58898 8.5 205.8 0.5054
15 138.15 64.47 0 0.533 2755 7.765
16 87.8 64.47 0 0.533 367.7 1.167
17 37.8 6.558 0 0.533 367.7 1.216
18 7.2 1.016 0 1 2514 8.968
19 29.62 1.016 0 1 2553 8.502

ber produces more entropy generation that results in more destruction of the exergy at the ab-
sorber as depicted from the graph. The smaller value of the mass-flow rate in the laminar
range of fluid-flow is desirable to avoid losses of energy and more entropy generation due to
turbulence. So, an optimized value of the mass-flow rate of the weak solution should be set
towards the absorber for better performance.

Effect of concentration of LiBr in solution

The concentration of the lithium bromide in solution also disturbs the exergy de-
struction rate at the absorber as LiBr is hygroscopic [5]. A large quantity of the LiBr causes
more bond formation with the refrigerant vapors during mixing as a result more heat is gener-
ated in the absorber causing higher heat losses to the environment [21].

Mass-flow rate and percentage of the LiBr in solution has less impact on the exergy
destruction rate at absorber as compared to temperature variations of the absorber and evapo-
rator as shown in fig. 4(e). So, by considering some suitable values of mass-flow rate and
concentration, the optimum value of absorber and evaporator temperature has been obtained
using PFM to get the optimum cut-off temperature with a lesser exergy destruction rate at ab-
sorber.
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Figure 4(a). Effect of evaporator temperature on
exergy destruction rate at absorber

Figure 4(b). Effect of absorber temperature on

exergy destruction rate at absorber
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Figure 4(c). Effect of the mass-flow rate of weak
solution on exergy destruction rate at absorber

Comparison between results

By energy and exergy analysis of the dou-
ble-effect vapor absorption system with ejector
and refrigerant heat exchanger, calculated pa-
rameters are given in tabs. 4 and 5. It considers
that the absorber and condenser temperature,
i.e. Ta = T, variation from 30.2 °C to 45 °C and
evaporator temperature, Te, variant from 5 °C to
15°C with a step size of 0.5 °C then there
comes an optimum situation after implementing
PFM at T; = 35.8 °C, T, = 5.1 °C. and when the
exergy destruction rate is minimum i.e. 45.525
°C by assuming penalty factor Ps = 1 as given
in tab. 6 and bar chart given in fig. 5. But in this
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[Kkw]

0.10FT, =280.2K

m,=0.6232 kg/s
0.05F
0.00F

-0.05¢

-0.10F

-0.15

(d)

051 054 057 060 0.63 0.66 069 0.72

x5 [kakg™]

Figure 4(d). Effect of concentration of LiBr in
solution on exergy destruction rate at absorber
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of cut-off temperature. Table 6 has been set by optimizing eq. (12) by considering eq. (11) as
constraining for the main function, i.e. ED,.

¢ =T, —91.8962°C (11)
B=ED, + B¢ (12)

By changing the value of penalty factor and calculating results, function to be sta-
tionary at Te = 5.1 °C and T, = 35.8 °C where the results satisfying convergence criteria and
ED, = 61.623 KW with T¢ = 84.4974 °C.

Table 4. The First law analysis results for DVAS

Present work
Component [15] With ejector With RHE With ejector and
0 [KW] 0 [KW] RHE O [KW]
Generator 1868.71 1868.69 1868.69 1868.69
Absorber 2942.17 2664.82 2961.81 2664.82
Secondary generator 1272.47 127211 127211 127211
Air cooling evaporator 2355.45 2356.01 2408.17 2408.17
Condenser 1282.05 1283.01 1283.01 1283.01
Pump 0.3598 0.3819 0.3819 0.3819
Solution heat exchanger 1 518.59 545.81 545.81 545.81
Solution heat exchanger 2 861.20 835.21 835.21 835.21
Energy input 4224.52 4225.10 4277.26 4277.24
Energy output 4224.22 3947.83 424481 3947.01
COP 1.26 1.26 1.29 1.288

For the tables, the minimum exergy destruction rate at absorber is the main objective
function and £ is a composite function. To get the minimum value of exergy destruction rate
at absorber, minimize f by using a different value of Ps in such a way that eq. (12) becomes
stable with respect to Pr. It means our objective function is minimized accounting for the con-
strained, ¢, of the cut-off temperature. An initially small value of penalty factor has been used
to gain a suitable range of input data by giving less importance to constrain as can see large
variations in cut-off temperature i.e. constrained of the COF. Progressively objective function
has been more penalized by giving a higher value of Ps for disobeying the constrained. In the
end situation, values of COF more or less the same regardless of the value of Ps. That means
COF is stationary with respect to scalar i.e. Ps from tab. 6, it is concluded that a lower value of
exergy destruction rate can be obtained on the cost of higher cut-off temperature.

Using an optimization technique and improvement in the model, an optimized solu-
tion is given in fig. 5. By changing the evaporator temperature to value 5.1 °C, get 8.77%
lower exergy destruction rate at absorber with too much lesser cut-off temperature i.e.
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Table 5. The Second law analysis results for DVAS

Present work £D [KW]
Component [15] — : —
With ejector | With RHE | With ejector and RHE
Generator 21.721 20.97 20.97 20.97
Absorber 67.549 67.39 67.39 67.39
Secondary generator 12.475 13.21 13.21 13.21
Air cooling evaporator 86.275 90.123 84.118 90.123
Condenser 3.086 3.083 3.083 3.083
Solution heat exchanger 1 28.056 27.89 27.89 27.89
Solution heat exchanger 2 43.1 42.8 42.8 42.8
Refrigerant throttle valve 1 7.813 7.798 7.798 7.798
Refrigerant throttle valve 2 6.936 7.002 7.002 7.002
Solution throttle valve 1/ejector valve 0.0236 0.021 0.0236 0.021
Solution throttle valve 2 0.249 0.243 0.243 0.243
Energy loss at absorber, ELa 121.112 109.71 121.97 109.74
Energy loss at condenser, ELc 52.775 52.775 52.83 52.83
Total irreversibility in cycle 173.887 162.485 174.809 162.578
Exergy input 514.45 514.43 514.65 514.65
Exergy output 63.277 63.222 105.38 105.38
Exergetic efficiency 12.3 12.2 20.42 20.42

Table 6. Minimum exergy destruction rate at absorber by using PFM ¢ = T¢-91.8962 °C

Ps Te [°C] Tc=Ta[°C] EDnmin [KW] Tc [°C]
1 5.1 45 45525 104.8930
2 5.1 44.6 53.718 104.8931
5.1 43.1 54.724 100.6739

5.1 40.6 55.701 95.12787

10 5.1 38.4 56.562 90.2526
50 5.1 36.3 57.371 85.6036
100 5.1 36.1 57.484 85.1611
500 5.1 35.8 60.575 84.4974
1000 5.1 35.8 61.584 84.4974
2500 5.1 35.8 61.623 84.4974

84.497 °C. That is the improvement in the modified model to get better results at a lower
amount of energy loss to the environment. By using the liquid-vapor ejector, the temperature
at the absorber is controlled keeping the constraint of cut-off temperature into account. The
RHE lessened the temperature at an evaporator that is desirable for the lesser value of exergy
destruction rate at absorber and improved performance.
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Figure 5. Comparison of three different
scenarios; (a) [15], (b) optimum solution, and
(c) minimum ED at the absorber

Conclusion

The present study provides the optimum operating temperature for DVAS with lower ex-

ergy loss at the absorber. It concluded as follows.

The RHE after the evaporator takes the heat from the refrigerant to decrease the tempera-
ture gradient between refrigerant vapors and weak solution at the absorber, its conse-
guences in lesser entropy generation and lesser exergy loss and also improved the COP
by 2.4%.

An optimized solution to the problem has been obtained (Te = 5.1 oC, Ta = 35.8 oC,
T'c = 84.497 oC) as the presented model radiated 9.4% lesser exergy loss at absorber and
exergetic efficiency of the system improve by 8.2%.

By liquid-vapor ejector, the temperature at the absorber is controlled keeping the con-
straint of cut-off temperature into account. The decrease cut-off temperature from
91.89 °C to 84.497 °C has also been observed with lesser heat losses at the absorber. The
lower cut-off temperature (i.e. the minimum temperature at which the boiling starts in the
generator) of the VAS enables us to operate systems on a lower energy supply like the so-
lar collector.

Using this technique, energy can be recovered in many thermodynamic systems like va-
por compression systems, steam power plants, etc. with the help of modeling in THER-
MOLIB. The multi-effect absorption system shows better performance by optimizing the
operating parameter which results in minimizing the irreversibility to 61.623 KW.

Nomenclature

ED — exergy destruction rate, [W] To —reference temperature, [K]

EL —exergy loss, [W] W, —work required at the pump to force the rich
Ev — ejector valve mixture towards the generator

ex — specific exergy, [J] X —Kkg of absorbent per kg of solution

Osec — Secondary generator
Ps — penalty factor

Greek symbols

Po — reference pressure, [Pa] a — objective function
O —heat flow, [W] £ — composite objective function
T’c — cut-off temperature at generator, [K] ¢ — constrained to objective function
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Subscripts DVAS — double-effect vapor absorption
a —absorber system
c condenser Non-OECD - non-members organization for
B economic cooperation and
e —evaporator development P
? —7pirr|][2?ry generator PFM — penalty factor method
. L RHE — refrigerant heat exchanger
min — minimum - g
o —outlet TEWI — total equivalent warming impact
VAS — vapor absorption system
Acronyms
COF — composite objective function
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