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Abstract. In order to upgrade the waste heat to higher
process temperatures for recuperation, an ejection absorption
heat transformer gives more an effective potential for that
purpose and higher system performance than a single-stage
one. Thermodynamic analysis, both first and second law, is
employed to be a tool for consideration of the quantity and
quality of energy in both thermal systems. In this paper, an
exergy analysis is comparatively performed on two cycles
with lithium-bromide/water as the working pair. The
numerical results for the cycle obtained here are tabulated.
The thermal properties, entropy, and exergy of the working
fluids are also calculated to analyze irreversible loss in system
components under operating conditions.

Key words: Modified cycle, second law efficiency,
exergy, lithium bromide water solution, second law
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1. Introduction

Many industrial processes release very large amount of
waste heat at low temperature to the environment,
which cause to be global warming [4]. In order to
upgrade these low-grade waste heat for energy
utilization, absorption heat transformer (AHT) is one of
effective system is used with approximately 50% of the
waste heat recovered and reused [11]. With requirement
of larger temperature lift of useful heating effect,
absorption heat transformer is modified the cycle with
improving system performance together with the
mainly above objective. These modified cycles, for
example, include two-stage  absorption  heat
transformer, double effect absorption heat transformer
and ejection absorption heat transformer [9]. The
comparative study show that the temperature of
recovered heat and the system performance obtained
from the ejection absorption heat transformer cycle are
lifter and higher than the others. Most of these studies
emphasize the consideration of whole system based on
the first law method. To optimize the thermal design of
the system, it should show how or where irreversibility
in a system occurred.
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Second law thermodynamic analysis is an effective tool to
determine the magnitude of irreversibility occurred which to
be direction to improve the performance of thermodynamic
system [1]. The aims of this study are to investigate how or
where irreversibilities in the ejection absorption heat
transformer and determine the magnitude of irreversibility at
any components occurred. In addition, simulation of a
modified cycle is employed to evaluate the second law
efficiency as compared to the conventional cycle and
thermal properties, entropy and exergy of working fluids are
calculated to second law thermodynamic analysis.

2. Operation of an ejection-absorption heat
transformer

The system schematic of the single-stage absorption heat
transformer combined with an ejector is shown in Fig.1. The
system consists of a generator, a condenser, an evaporator,
an absorber, a solution heat exchanger, a solution pump, a
refrigerant pump and a solution expansion valve. In Fig.1, a
heat source such as waste heat from industrial process is
supplied at generator to release water vapor from the weak
LiBr/H,O solution. This water vapor is condensed at the
condenser to be condensed water, which is delivered to the
evaporator. There the water is evaporated by employing
waste heat from the same heat source as supplied to the
generator. The strong LiBr/H,O solution leaving the
generator is pumped through the solution heat exchanger.
This heated solution as a primary fluid enters the nozzle, of
the ejector in which it expands rapidly. In the exit of the
nozzle the solution gets very rapid with low pressure and
draws the refrigerant vapor from the evaporator as a
secondary fluid. The two fluids mix fully in the mixing tube
of the ejector. The mixture leaves the diffuser at the
absorber pressure, and enters the absorber. The weak
LiBr/H,O solution obtaining at the absorber passes through
the solution heat exchanger and returns to the generator for
completing the cycle.
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Fig. 1. An ejection-single-stage absorption heat transformer cycle

3. Second law performance analysis
Exergy method

A second law analysis calculates the system
performance based on exergy or availability, which
always  decreases, owing to thermodynamic
irreversibility. Exergy is defined as the maximum
possible reversible work which can be obtained when
the heat rejected from the system is in equilibrium with
the surrounding environment. The exergy content of a
pure substance is generally given by [1], [10].

v =(h=hp)~To(S~5p) (1)

where the terms h, and S, are the enthalpy and entropy
of the fluid at the environmental temperature T,, which
ultimately forms the energy (heat) sinks for all
irreversible and reversible processes. However, in a
binary mixture solution such as LiBr and water, the
concentration of the mixture must be taken into account
for exergy calculation. For a dead state defined as the
environmental state at T,, the exergy of the solution is
calculated by:

v =(h(X.T)~hy)~T,(S(X.T)=Sp)  (2)
Steady-flow exergy change or the availability loss in
each component can be expressed as

T
Aw:ZmiV/i_zmeWe_Q(l_To)_w (3)

The first term on the right-hand side is the sum of the
exergy input. The second is the sum of the exergy
output, while the third term is the exergy of heat Q,
which is transferred at constant temperature T. The
exergy of heat equals the work obtained by a Carnot
engine operating T and T,, and is therefore equal to the
maximum reversible work that can be obtained from
heat energy Q. The last term is the mechanical work
transfer to or from the system.

https://doi.org/10.24084/repqj02.235

151

Energy and Exergy Analysis
The absorption heat transformer cycle has been analyzed

thermodynamically as shown in Fig.2. The energy and
exergy flow balance for each component of

o L'

T Yy

|:> Qu

Cooling Media

Absorber

|
Qevl:>

W
y ¥

Ejector

Heat exchanger

¥s ¥

Wﬁ? % "
QC <::I c 154 Generator <:| QG
” r Cooling Media h - o r Heating Media <—| 2

Fig. 2. Exergy flow balance of the absorption heat transformer cycle

the absorption heat transformer cycle can be expressed as
follows.

Generator:

Qg =mzhy +mghs —mhy “)
The thermodynamic irreversibility is measured in term of
exergy change at any components of the system. The exergy
change of the heating media which to be water is obtained
from

AY g =my W —¥i2) )

The heat transfer irreversibility is defined as the exergy

difference between the exergy of the heat flux and the
exergy change of the heating media

TO
AV :Qg(l_T_)_AV/HM,G (6)

4

The internal irreversibility is defined as the exergy
difference between the exergy change of the working fluid
(solution or refrigerant) and the exergy of the heat flux

. . . T
AWing =MW sy —MeWs e —MWps —Qp(1- T—o) (7
g

For the remaining components, the energy and exergy
change can be obtained in a similar manner; the
equations are given as follows:

Condenser:

O, =my(h; —hg) ®
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Cooling media (CM)

AYcpre =mizWis —¥i3) ©
T
A'//ht,c = Qc (I_To)_Al//CM,c (10)
. T,

AWine :m7('//R,7_l//R,8)_Qc(1_F) (11)
Evaporator:

Qev :m‘)(hIO _h‘)) (12)
Heating media (HM)

AY g o =1My5s(W1s —Wi6) (13)

T
A '//ht,ev = Qev (1 - T_o) -A l//HM,ev (14)
- T,

A Vintev = My (!//R,9 - '//R,IO) - Qev (1 _T_) (15)
Absorber:

Oup =myohyy +myhy —mshy (16)
Cooling media (CM)

AV ap =m7; (W13 —V17) (17)

T()
A ‘//ht,ab = Qab (1 - T_) -A Veum ,ab (1 8)
ab
. . . T,

AWintab =M7WR10 T MeWsa —MWs3— 0 (1—==) (19)

Tap

In case of combining an ejector, term of /4, of the
equation (16) is substituted with term of the enthalpy of
solution leaving from ejector to absorber (h;k ). Also,
any terms, (W13 —¥17), Qu» T,y and yg 4in equation
(17), (18) and (19), respectively are substituted in terms
of W2 —¥19) » Oup» Tupand g 4 respectively.

Solution heat exchanger (SHE):

AY e =Y g3 +MgW s s —MYsH — MW 4 (20)
Solution pump (SP):
g (P, — P
Aygp = 11 (Fg — Ps) Q1)
Ps

Refrigerant pump (RP):

Ay pp =m; (B —Fy)Vv,g (22)
Solution Throttling valve (STV):

m (P, — P,
Aysry = - h) (23)
P2

The total of exergy loss of the absorption heat

transformer is the sum of the exergy loss in each
component, therefore:
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Ayr =Aye + AW + AW, + Ay + Ay gy

(24)
+AYp + AW pp + Aygry

For a combined cycle, the total exergy loss is calculated

with equation (24) the same, it differs only the term of

exergy loss at the absorber (A, ) which is replaced with

the term of Ay, that the ejector is considered.

Ejector analysis

In this study, an ejector, which is the key component, is
integrated at absorber of an absorption heat transformer to
be combined cycle. An ejector employed in this way into the
absorption heat transformer cycle increases absorber
pressure which equals the exit diffuser pressure of ejector.
Also, the combined cycle is called as the three-pressure
cycle and this pressure is a major parameter for improving
the system performance. The analysis of ejection-absorption
heat transformer is the same as single stage heat transformer
[9]. The only difference is in the ejector-absorber unit. The
ejector mainly consists of a nozzle, a mixing tube and a
diffuser.

Nozzle flow

The exit velocity from the nozzle is calculated from
2 Ey2(Py —-P)

y2 = (25)
Pw
The mass flow rate is
mw = plelAen (26)

where E, is the nozzle efficiency, A4,,is the nozzle exit
area and p,, is the density of the working fluid.

Flow in the mixing tube

The mixture mass flow rate is
mmix = mw + mR

27

And the mixture velocity is
my, +myg = py Ay Vi (28)
where A4;, = cross-sectional area of the mixing tube
Vs = mixture velocity and

Py = mixture density

A momentum balance over the mixing tube yields

mViy+ PyAy =my Vi + By Ay 29

mix

where £,is the exit nozzle pressure of LiBr/H,O
solution
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Diffuser flow

The mass flow rate in the diffuser, m, is

mD = mmix = mw + mR (30)

The energy equation is

V2 -v2 1
ED(%)ZP_(PED_PM) (31)
D

where E,is the diffuser efficiency and Py, is the exit

diffuser pressure which equals the absorber pressure
(Fap) -

Due to thermodynamic properties correlations of
aqueous LiBr/H,0O solution given by [2], the following
parameters are determined respectively. The refrigerant
temperature of aqueous LiBr/H,O solution leaving from
ejector at the diffuser, which enters the absorber is
determined from the absorber pressure as

) 2E
RT("K) = 2 05
D +[D? —4E(C —logP,)]

(32)

where C=7.05, D=-1596.49 and E =-104095.5 and

P, inkPa.
Obtained the above refrigerant temperature ( R7 ), the
solution temperature (S7) can be determined

according to the expression as

3 3
ST(°C)= S B X"+ RT(CC)S A, X"  (33)
n=0 n=0

where A4, =-2.00755, 4, =0.16976, 4,=-3.1333E-03
Ay=1.97668E-05, B, =124.937, B,=-7.71649
B,=0.152286, B,=-7.95090E-04

RT = Refrigerant temperature (-15< RT(°C) < 110)
X = percent LiBr (45 < X <70%)

The enthalpy of solution entering to the absorber (hz )
can be determined from LiBr mass fraction and the

solution temperature obtained from the above equation.
In order to obtain the heat rejected at the absorber in

case of combining an ejector (sz ), the energy balance
at the absorber according to equation (16) is considered
by instead of the enthalpy of solution entering to the
absorber ( /1, ) with the term of h: which can be written
as

Qup = mighyo +myhy —mshy (34)

Fluid properties

In order to calculate the exergy of the lithium bromide/water
solution and to conduct the second law analysis, the
enthalpy and entropy need to be calculated first. As
compared to the enthalpy equation of [7] that of [6] used by
[4] gives less fitting extension which leads to larger the
standard deviation. Then, the enthalpy equation of the
solution employed in this study is based on [7]. The
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enthalpy of the lithium bromide/water solution is calculated
as

h(X,T):iiAyX"T-" (35)

i=0 j=0

where T = Solution temperature (0< 7 < 180° C)
X =percent LiBr (0< X <70%)

The constants appeared in Equation (35) are listed in Table
1. The procedure to calculate the entropy and exergy of the
LiBr/H,0O solution is obtained from the method proposed by
[1] and is summarized below.

The entropy of the LiBr/H,O solution is derived from

T 1( oh 2 (ov
Sra-srn, - 12 - f(2)
7, T\oT Jp  p,\OT

P.X
(36)
+R{ ).[( lnawater _lnaL[Br dX}

Kiyer Sol
The first term on the left-hand side in Equation (36) is the
entropy of the solution at a specified temperature and
concentration. The second term is the reference entropy at a
reference state. Here the reference is selected to correspond
to 25°C. Based on the assumptions made by [1], only the
temperature variation is considered; thus, the reference
entropy is a function of the concentration. The pressure
effect on entropy for a liquid may be neglected, and,
therefore, the second integral term is canceled out. The last
term on the right-hand side is recognized as the difference
between the entropy of mixing (AS,,, ) at the reference

mix

temperature Tref and at the temperature 7. The entropy

change as a function of temperature at constant

concentration can be expressed as

T 1( oh
Sr—-8S, = | —— dT + (AS; —AS . 37
ro T{r’ r (6T jP,X (451 Ty Imi G7)

The integral term can be solved numerically using Equation
(38) as follows:

P

(@J dT  h(X,T+dT)-h(X.,T) dT
T )py T Tpr(X.T+dT)=Tp (X, T) T

(3%)

The dew point temperature correlation employed in this
study is described in [7], which is a function of the solution
temperature and concentration. The correlation is expressed
as

K 2
Tor(X.T)=)> B,X'T’ (39)

i=0 j=0

The constants appeared in Equation (39) are listed in Table 1.
And

ASmix = A/_[_R [)?L[Br loge (YLiBry) + )?Wgter loge (P/P*)] (40)
Sol
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where R =universal gas constant = 8.314 kJ/kmol. K

M ¢, = Solution molecular weight, which is
expressed as

_18.015

T 1-0.7926X

X =mole fractions of LiBr and water
¥ = mean molar ionic activity coefficient

Sol 41)

Pand P"= pressure of water vapor of the
solution and pure water

The vapor pressure of the water arising from the LiBr/H,O
solution can be calculated from the dew point temperature,
which is given by [6]
k| ky
logy P=k, +—+—
T T71?
where P = partial pressure ( psia )

(42)

T = water vapor temperature (° R =° F +459.7)
k,=6.21147

ky=-2886.373
ky=-337269.46

The reference entropy of the lithium bromide/water solution at
25°C is

ST = hsol — &0l (43)
" Tref

The Gibbs’ free energy of the LiBr/H,O solution, g, is

calculated from
i-x X
MLiBr H LiBr M

water

,U water (44)

8sol =

where X is the solution concentration, M is the molecular
weight, and g is the chemical potential. The chemical

potential of water in the solution is
Hyater = (hv - Tn?f'Sv)water (45)
The enthalpy and entropy of the water vapor are obtained

from steam tables at the reference temperature, and the
chemical potential of LiBr in the solution is

Hyigr =2RT, . In(my) . + KT, ref T /uZiBr (46)

where K =-192.2 kJ/kmol K, y is the mean molar ionic

activity coefficient, and m,,, is the LiBr molality.
X

mp=————— 47
LiBr— 86.845(1— X) “n
The chemical potential of pure LiBr is
IUZiBr = %LiBr - TrefELiBr (48)

This chemical potential becomes zero as pure LiBr at

25°C has been assigned a zero enthalpy and a zero entropy.
Then the entropy of the LiBr/H,O solution at 25°C can be
calculated using Equation (43) through (48). The mean
molar ionic activity coefficient, y in Equation (40) and (46)
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is now calculated as follows. For a single electrolyte

solution at 25°C,
1Y .
I’ ={1+B/1+—| -B|l
10

where T’ is the reduced activity coefficient of pure solution
at 25°C; B=0.75-0.065¢ ;¢is Meissner’s parameter

(g=727)

(49)

log, " = (=0.5107+/1)/(1+ CNT)
C =1+0.055gexp(~(0.023])%)

(50)
(1)

where [ is the ionic strength (/ :%Zm,—Z,-2 =myg ); Z1s

the number of charges on the cation or anion (Z =1 for
LiBr/H,O solution). Then the mean molar ionic activity
coefficient of the LiBr/H,O solution is calculated from the
following relationship:

y= (1—\0)Z+Z, =T° (52)

With the entropy S;in Equation (37) and the enthalpy

calculation, the exergy of the LiBr/H,O solution in Equation
(2) can be calculated.

For refrigerant loop, saturated and superheated properties of
water and steam employed in this study describes in [4]
which approximate equations are developed from steam data
tables by Irvine and Liley 1984. These property equations,
including the relationships of temperature, pressure,
enthalpy, and entropy of water and water vapor are replaced
in the corresponding equation.

Saturation temperature T(S)

T(S)=A+ B (53)
(log, P(S)+C
where 0.000611 < P(S) <12.33 MPa and

273.16<T(S) <600 K
The constant 4, B and C in Equation (53) are listed in Table 1.

Saturation pressure P( S )
A(10)

T(S)— A(11) >

log, P(S) = éOA(N)T(S)N +

For calculation of enthalpy and entropy of saturated water
and vapor, the following equations need to be calculated
first. Then the calculated numbers are substituted into the
individual equation of those saturation properties. The
constants in Equation (55) for each saturation property are
listed in Table 1.

Y(S)= A+ BT(C)"? + CT(C)*'¢ + DT(C)"'® + iE(N)T(C)N
N=1
(55)
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TABLE 1 - Constants and coefficients in Equation (35} to (573

Equation (3%} Equation {55}
A, A A Ao Ttems H(F) H(F}
I A2£1 2580 T~ LTRSS 5. — 4. BRE7
A 3 o 151 N % 75 O R
Ly =g 2| I5ED5T 2.5 22E 1.708¢C &
A ] EAIFIEE -0
g Ay Ay
ET4IGRF - 4 | sEroeciE - & 3 - | E LY B ] o
Equation (35) e | [l [
I a [
Ef'{. IEO2 | — 267472935 | -

Ef2) 2.5438537F03| 622640035

0| — 1317396800 7390545

— 10132240 10496280

Y] [Ar2
1.0390I8 - R ETIOPNE -6 S 434} F 705
B Z) 3
0F-3
I27] orE 7
— LBO2ATE-2 5 [ 1244248 — | 2142208
2= Bf3l}e B{32)P + Br33ppt
AfS )= Brai)e Bf42)T7 80+ Bfa3JIeS s + Bfad)Tis y « Brasjrisr

where

T(C)=[T(CR)-T(S)]/T(CR)
T(CR)=647.3K
Liquid saturation enthalpy:

H(F)=Y(S)H(FCR)

Vapor saturation enthalpy:

H(G) = Y(S)H(GCR)

Liquid saturation entropy:

S(F) =Y(S)S(FCR)

Vapor saturation entropy:

S(G) = Y(S)S(GCR)

5} SETOITTEG] | — S A0ah

EE) | 14853 00E0S | - 1248199803 a | = 5.83340804 — 2352345802

&7l A2T7H3439E04| 7,27 4554F0) a A3j401E04 1 2B0SQEQZ

H FUR) =203 | Ky FCR)= 20005 HfGCRy= 20001 | S FCR)= 44250 SFCR) = 44200 | YOCR) = £.4700

Fepsation (56)

Bril) Bl &fi3) Br2i) [ Bz By 23}

20412183 — LO40028 ) — 4. B09SE~ | 1610693 SAF205IE-2) FIIFIE -4

FER FTEER] Brdd) B2} B(43)

3.3331i7E-4 -3 | - LATEIR-T 1 T0T8EIE3 - LEPP4IE ] S2745F -2

Brad) Bras) M=4

=J.AJB4IF -4 | O45G/IE-F

The thermodynamic properties equations for superheated

water vapor are calculated as functions of pressure

P and temperature 7 as follows.

Enthalpy H(PT)

H(PT)= N%OA(N)TN - A(3)EXP($J (56)

where

A(0) = B(11) + B(12)P + B(13) P>

A(l) = B(21) + B(22)P + B(23)P?
A(2) = B(31) + B(32)P + B(33) P>

A(3) = B(41) + B(42)T(S) + B(43)T(S)? +

B(A4)T(S)* + B(45)T(S)*

Entropy S(PT )

S(PTY = 3 AN)T™ + B()In(10P + B(2))
N=0

i C(NT(S)Y {EXP(MH
N=0 M
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All constants and coefficients for the thermal properties of
water and steam in Equations 53 to 57 are listed in Table 1.

4. The computer program and assumptions

The LiBr/H,O absorption heat transformer cycle is analyzed
and compared thermodynamically both with and without a
combining ejector. The computer program is written based
on heat and mass balances, heat transfer equations, the
mathematical  equations of ejector model and
thermodynamic properties equations of solution and
refrigerant. Here the computer codes are designed to analyze
both first law and second law analysis. First law analysis of
the system leads to computing a coefficient of performance
(COP), which is defined as the ratio of the upgraded heat
obtained from the absorber to the waste heat added to the
generator and evaporator. Therefore, the COP equation can
be expressed as

Qab

cop=—=4
Qev + 0,

(58)

and the exergy efficiency is based on the second law is
defined as

0, (1- ; )
New = RS (59)
Qg (l_i) + Qev(l - Tev )

In order to analyze the irreversible losses of the system,
many subroutines for thermal properties of the working pair
are added into the computer code developed by the author to
calculate the entropy and exergy of working fluid at each
state point, including exergy loss for each of the
components and total exergy loss occurred in the system.

RE&PQJ, Vol. 1, No.2, April 2004



The assumptions of the absorption heat transformer cycle
required for input in the computer code are listed in Table 2.

TABLE 2 - Operating pararneters for the sbsorption heat transformer cyele

Various parameters Value
1. High pressure side., 5, (kPa) 104.1
-:?-._f.nw pressure ildt_l‘_‘}_(iP)I) 161 |
3. LiBr mass fraction of strong solution, X . (Yeby wt) 59.4
4. LiBr mass fraction of weak solution, X, . (Paby wt) 64.0
5. Mass flow rate ofshnﬁg solution, i, (kg.,-'s.) 1.078
6. Mass flow rate of weak solution, mr, (kg/s) 1.000
7. Mass flow rate 5f:h¢';1'£illzg-':¢'ulo-li.(|g' media ('HzO)ﬂig.s) 3.000
8. Effectrvencss of solution heat exchanger, & 080
9. Water temperature: Reference state temperature, (~'C) 13
10, Waste heat source E:n:pm'a-riut\ oc 120
| 11. Absorber/Condenser temperature, °C 30
Ejector dimension:
1. Exit nozze diameter, T, {m) 0.0134
2. Mixing tube diameter, T {m) 0.022
3. Exat diffuser dimmeter, D, (m) -
0.90
4. Nozzle efficiency, 1,
0.90
5. Dhffuser efficiency, 7,

5. Results and discussion

A theoretical comparative study of thermodynamic
between a lithium-bromide ejection absorption heat
transformer and a conventional cycle is investigated
and presented in this paper. Based on the
thermodynamic equation ( P,7,X ) and (4,7,X ), the
required enthalpies for each component are obtained for
calculations of heat applied at evaporator, heat supplied
at generator, heat delivered to condenser and to
absorber on both two cycles. With the only different
analysis at the ejector-absorber unit, as shown in Figure
1, the exit diffuser pressure of solution, which is the
most significant parameter and equals the absorber
pressure (P, ), is lifted. This pressure causes the

solution temperature of inlet solution to the absorber to
increase which leads to increased enthalpy of solution
entering to the absorber. The energy balance (first law
analysis) at the absorber shows that the upgraded heat
load is obtained to be increased. Then, the COP of a
modified cycle is improved with the value of 0.654
from that of 0.486 for a conventional cycle as compared
to the same energy input supplied to the system. Based
on energy flow analysis, the sum of the heat input at the
evaporator and at the generator is found to be slightly
different to that of the heat rejected at the condenser
and at the absorber with the energy loss of 0.0669 kW
for a conventional cycle. For a modified cycle,
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increasing the upgraded heat load at the absorber from the
value of 181.081 kW (for a conventional cycle) to that of
243.770 kW leads to larger overall energy loss, which
equals 62.756 kW.

TABLE - 3 Dperating conditioe for the cpele with et exchangzers

| State point | T7c) e #1) mi't) Xit) wii)
{1} oy | (e k) | (kg ) | (kgis) | (sLiBr) (ks # kg )
1 0.0 2E1.E3 0.421 1078 504 160.795
2 1250 | 28183 0.424 1078 ] 160,119
k] 153.0 3328 0425 1078 594 210.572
4 144.2 3250 0.508 1.0 64.0 177953
ES 176,73 | 36760 | 0510 | L0 | 640 240,143
5 100 270,08 0. 506 1.0 0 123,084
& 109.0 2700 0.506 1.0 640 123642
T 1005 | 26883 1o% | 04078 -30% 226
g 5540 231.94 0. 7742 . 0,078 5,TIR3
L 543 | 23208 13177 0078 -156.20%
10 1350 | 275438 17540 0.078 1937.88
11 120 037 1.527 30 3016
12 10496 444.24 1.3589 3.0 34.76%
13 30 125.7 0438 3o 0. 1685
14 4529 189 B5 0.641 3.0 3.3072
1% 1:x 5037 1.427 L] $3.040
16 10429 437.21 1.371 3.0 =404 257
17 30 1257 0,438 30 0,268
15 AdAG 186.32 .63l LN 2BilG
19° 30 125.7 0. 438 3.0 =0, 1685
0 1946 | 207.34 0,699 0 ERTES]

1 Cage of combnuing an cjector

As listed in Table 3, in states 13, 17 and 19, the exergy flow
from the water environment is evaluated to be zero because
the temperature of the considered system is equal to the
environment temperature. Table 4 shows the magnitude of
irreversibility in the system components due to the second
law detection. It is clear that the absorber has the highest
availability loss due to the temperature difference between
the absorber and the surroundings. For comparison between
both cycles, the larger availability loss at the absorber is
obtained in case of a modified cycle due to the higher the
temperature difference. This is because the exit diffuser
pressure of solution which equals the absorber pressure is
lifted with an ejector. This pressure causes the inlet solution
temperature to the absorber to increase which leads to
increase the enthalpy and entropy of solution. This result
can be considered as Table 3. This entropy of solution
increased leads to increasing internal irreversibility. Then,
availability loss at the absorber is increased with increasing
exergy input at the absorber. The result of higher exergy
loss can be reduced by increasing the surface area of the
absorber, consequently, increasing the cost of the absorber.
Meanwhile, availability loss at the absorber is increased,
exergy of heat flux at the absorber, which equals the work
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obtained by a Carnot engine operating between 7, and
T

., increases due to increasing heat rejected at the
absorber. This exergy increased causes the exergy
efficiency based on the second law to increase with the
value of 44.66% from the value of 33.17% for a
conventional cycle when the two cycles is considered at
the same energy input introduced to the system. As is
shown in Table 4, the next largest exergy loss is occurred
in the generator due to the temperature difference
between the heat source and the temperature of the
working fluid.

TABLE — 4 Exergy loss for the cycle

Components Exergy loss Ay, (k¥ )

Conwventional eycle:
Generator 7350455

Condenser -24.25520

Evaporator -163.3384
Ahsorber 1021110
Solution pump -0.0494338
Solution expansion valve 0.053204
Solution heat exchanger 0.12850
Refrigerant puimnp -0.006864

Total exergy loss -11.8547

Modified cycle:

Abzorber 164.3006

Total exergy loss 50.33486

6. Conclusion

A theoretical comparative study of thermodynamic
between a lithium-bromide ejection AHT cycle and a
conventional cycle is investigated and presented in this
paper. For the first law thermodynamic reflects the
quantity of energy, the conventional AHT cycle obtain
higher first law performance (COP) due to combining
an ejector developed to be the modified cycle.
Moreover, second law analysis provides an alternate
view of cycle performance and provides an insight that
the first law method cannot. It is proved to be a simple
and effective tool, by providing information to identify
the less efficient components of the system and how
losses at different devices are interdependent and where
a given design should be modified for the best
performance. For the second law analysis, the total
exergy loss and exergy loss of each component are
calculated. For the comparison of two cycles, exergy
loss at any components is determined in the same
pattern. The only different analysis is the absorber with
and without combining an ejector. Results show that the
absorber has the highest exergy loss. In the comparison
of two cycles based on the same energy input
introduced to the cycle, a modified cycle has higher
exergy loss at the absorber than a conventional one due

https://doi.org/10.24084/repqj02.235
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to higher temperature difference between the absorber
and surroundings.
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