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ABSTRACT 

A computer program is developed to optimize a 
double-effect LiBr-H20 absorption refn·geration 
system. Optimum coefficient of performance (COP) 
of the refrigeration system is sought for a frxed 
cooling load capacity of a system and fzxed upper 
cycle pressure (pressure of Generator 1) and lower 
cycle pressure (pressure of EvaporaJor!Absorber), 
For any frxed upper cycle pressure and lower cycle 
pressure, the intermediate pressure (pressure of 
Condenser/ Generator 2) of the system is varied 
until the optimum COP is obtained. 

The effect of increasing of the temperature of 
Generator 1 on the COP of the !lystem is also 
analysed. Pure water vapor is considered to be 
generated in both geTierators at the respective 
prevailing pressure and temperature combinations. 
Specific enthalpies of pure water vapor at outlet 
from the respective generators and the condensate 
water leaving the Condenser are automatically 
determined by the developed programme at the 
prevailing satur"'ation temperatures. Concentrations 
at all state points in the cycle are also obtained from 
the programme at the respective state point pressure 
and temperature values. In the analysis, steady-state 
conditions and no pressure losses are assumed. The 
effect of the effectiveness of the heat exchangers on 
the COP of the system are olso anolysed using the 
developed program. 

INTRODUCTION 

One possible way of greatly increasing the COP of 
an absorption refrigeration system is incorporating a 
second-effect or second-stage generator. Due to its 
higher COP, the double-effect generation system has 
an improved potential for applications in absorption 
cooling systems than the single-effect system. 

In the double-effect generation absorption cooling 
system, three pressure zones exist: (i) The low 
pressure, prevailing in the Evaporator and Absorber 
which is detennined at the Evaporator temperature, 
(ii) The medium pressure in the Condenser and 
Gent:rator 2, and (iii) The high pressure in Generator 
1 which is detennined at the prevailing temperature of 
Generator 2. 

In the double-effect LiBr-H,0 absorption 
refrigeration cycle, weak solution leaving the 
Absorber is pumped to the pressure of Generator 1, 
Fig. l. External heat supplied to the weak solution in 
Generator 1 releases water vapor from the solution. 
To reduce the quantity of external heat required by 
Generator 1 and thus improve the performance of 
the system, two heat exchangers (Heat Exchanger 1 
and Heat Exchanger 2) are introduced as indicated. 
Heat transfer in Heat Exchanger 1 to the weak 
solution pumped to Generator 1 cools the strong 
solution entering the Absorber. The lower the 
temperature of the solution, the better the absorption 
rate and the lower will be the heat of absorption 
developed in the Absorber. 

More refrigerant (water vapor) is vaporized in 
Generator 2 by the heat of condensation of the 
refrigerant vapor generated in Generator 1. The 
condensate leaving the Condenser is throttled to the 
Evaporator pressure. After taking the cooling load 
in the Evaporator, the refrigerant vapor enters the 
Absorber to complete the cycle. 

Thermal Modeling of Double Effect Generation 
Cycle 

In the thermal modeling of the double-effect 
generation cycle the following assumptions are 
considered. The intennediate pressure of the system 
is in equilibrium pressure corresponding to the 
temperature of the Condenser while the low 
pressure and high pressure of the system correspond 
to the equilibrium saturation temperatures of the 
Evaporator and Generator 1, respectively. These 
assumptions along with the mass, material and 
energy conservations and the thermodynamic state 
equations lead to the complete analysis and 
optimization of the absorption cooling cycle. 

The thermodynamic analysis of the cycle has been 
carried out using state equations for LiBr-H20 
system available in the literature and generated 
expressions. At each operating point, the LiBr-H20 
system is assumed to be in steady state at the 
prevailing conditions in the respective components 
of the cycle. 
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Figure I: Double-effect generation LiBr-H20 absorption refrigeration cycle 

The analysis of the cycle is started at the Condemer 
where temperature Tc is used to determine the 
Condemer satmation pressure Pc and thus the 
pressure of Genel'tlUlr 2, po,. The temperature at the 
Evaporator gives the low side pressure in the 
Evaporator and the Absorber. From the Absorller 
temperature and the low pressure of the system, the 
equilibrium weak solution concentration is 
evaluated. The temperature in Generator I and the 
high-pressure of the system furnish the 
concentration of the strong solution leaving 
Generator I. The intermediate (medium) pressure 
p01 and temperature T G"J of Generator 2 are used to 
evaluate the concentration of the strong solution 
leaving Genertdor 2. 

The acquired concentrations. pressures and 
temperatures at different state points, the mass, 
material and heat balances for each component 
along with the effectiveness expressions of the heat 
exchangers provide mass flow rates and enthalpies 
at each state point. 

Concentratiom at Various Poiltl!I in tile Cycle 
Prevailing pressure and temperature values at each 
state point of the cycle are used to determine the 
respective concentrations. Concentration of the 
weak solution between state I to state 4 remains 
constant. Similarly, concentrations of the strong 
solution between state points 5 to state point 7 and 
state point 8 to state point 10 are, separately, 
constant. These are indicated in Eqs. (I) to (3). 

Journal of EEA, VoL 25, 2008 

Concentration of the weak solution leaving the 
Absorber is determined at the pressure P• and 
temperature TA of the Absorber: 

Concentration of the strong solution leaving 
Generator I at state point 5 is obtained at p01 and 
temperature T 01 of Generator I. 

(2) 

Similarly, the concentration of the stronger solution 
leaving Generator 2 at state point 8 is obtained at 
p., and temperature T G"J of Generator 1. 

(3) 

where: ~'"" ~, and ~2 are concentrations of weak 
solution leaving the AbsorlJer, strong 
solution leaving Generator 1 and stronger 
solution leaving Generator 2, respectively. 

Specific Ent/la/pies at the Various State Points 
Specific enthalpy values at the various state points 
are determined as follows. 

a) Saturated liquid (Refrigerant) 

The refrigerant leaving the Condenser at state 
point 15 is assumed to be saturated liquid at the 
Condemer temperature. 
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(4) 

The vapor refrigerant leaving Generator 1 
(state 11) has to be completely condensed on 
leaving Generator 2 (state 12), if the double­
effect generation absorption system is to yield 
the maximum COP. Accordingly, 

(5) 

b) Saturated Vapor (Refrigerant) 

and 

Refrigerants leaving the Evaporator, Generator 
1 and Generator 2, at state points 17, 11 and 
14, respectively, are assumed to be saturated 
vapor at the temperature of the corresponding 
component. 

h11=hsatV ]re; hll=hsatV lrG1; 

and h =h I 14 satV TG2 

(6) 

c) LiBr-H20 Solution 

The specific enthalpies of the LiBr-H20 
solution at the various state points are 
detennined at the respective prevailing 
temperatures and concentrations. 

h =h I · = h (7) 1 sol TA,;w 2 

where: 

' ' hw/IT< =IA,;' +TIB,4' 
' ' 

' + r' Ic, ;' [u / kg] 

' 
where: T in ° C and ~ in % LiBr 

(8) 

A, ~ -2024.33 

A1 "" 163.309 

A1 = -4.88161 

BG = 18.2829 C0 = -3.7008214£-2 

B1 ==-1.1691757 C1 = 2.8877666£-3 

B1 = 3.24804/E-2 C1 = -8.1313015E-5 

AJ = 6.302948£-2 B3 = -4.034184£4 C; = 9.9116628£-7 

Af = -2.913705£-4 B, = 1.8520569£-6 C, = -4.4441207£-9 

Concentration range: 40 < ~ < 70 % LiBr 

Temperature range: 15 < T < 165 °c 

h =h I 5 sol Tc;.~sl 
(9) 

(JO) 

(11) 

where: €1 =Effectiveness of Heat Exchanger 1 

(12) 

and h92 = LiBr-H20 solution enthalpy at 
concentration of state point 9 and 
temperature of state point 2 

(13) 

Energy balance for Heat Exchanger l yields: 

h,=h, +[z:}h,-h,] (14) 

where: t 2 =Effectiveness of Heat Exchanger 2 

and 

and 

[
h,-h,] (16) 

e, = h,-h" 

h63 = LiBr-H20 solution enthalpy at 
concentration of state point 6 and 
temperature of state point 3 

h = h I 63 sol T3.~s1 
(I 7) 

h,=h, +[::Jr h,-h,] (18) 

Mass Flow Rate.< 

The mass flow rate of the refrigerant through the 
Evaporator can be obtained from the given load of 
the system and the specific enthalpy values at the 
Evaporator, as: 

(19) 

Mass flow rate of weak LiBr-H20 solution at inlet 
of Generator 1 is obtained from: 

m. (20) 
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The following relations are obtained from material 
balance at Generlllor 1: 

. . [¢' ] . . 
mJ=m, ~: =mtj=m1 (21) 

. . [ {¢' }] . . mu=m, 1- ~: =mu=mJJ (22) 

Material balance at Generator 2 yields: 

. . [¢' ] . [¢',] . . 
ms=m, ~: = m, q, =mo=m10 (23) 

Using mass and energy balances at Generator 2, the 
following relations are obtained: 

~" = ~. [ { :: }-{ :: } ] (24) 

Mass balance at the Condenser gives: 

. . . [ {¢' } ] . . m,,=m,=m, 1- q: =m,.=m11 (25) 

Press11re-Tempera111re-Concentration Relations 

The following expressions are applied for the 
determination of the pressure, temperature and 
concentration of LiBr-H20 solution: 

' ' I= Is.~· +1' LA.~·: Solution lemperoltUe [ 0 c J 
' ' 

,.J•-,ts.~·): 
IA.~· 

Refrigerant temperature [ ° CJ 
(26) 

• 
LogP=C+D/T'+D/T'': Pin[kPo] and T'in[K} 

T'- -2E 
- D+{D' -4E(C-LogP})" 

where: 

B, = 124.937 C = 7.05 

l
A, = -2.00755 

A, = 0.16976 81 = -7.71649 D = -1596.49 

A, = -3. I 33362£-3 

A, = 1.97668£-5 

B2 = 0.152286 E = -104095.5 

B, = -7.95090£-4 

where: 
Concentration range: 
Temperature range: 

45 <i; < 70%LiBr 

5<t</75°C 
-15 < 1· < 110°c 
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The concentration at any particular state point with 
specified pressure and temperature is determined 
through a process of iteration. The iteration 
procedure is exemplified considering the 
determination of the concentration of the weak­
solution leaving the Absorber. At the Absorber 
pressure PA, which is held constant during the 
iteration process, and solution temperature TA, an 
initial concentration value ~~within the range ( 45 < 
~ < 70 % LiBr) is assumed. For a fixed pressure PA 
and the assumed solution concentration " t' in °c 
and solution temperature t are determined from 
Eq.(26). The calculated solution temperature t is 
then compared with the actual solution temperature 
TA. IflTA - ~is not less than 0.0001 (set error limit), 
then the assumed concentration is adjusted by 
±0.0001 and a mean value of the previous 
concentration and the new value of concentration is 
applied to calculate a new value oft from Eq. (26). 
The process of adjusting the concentration and 
determination of the solution temperature t from 
Eq.(26) is repeated until the difference between the 
actual solution temperature TA and the calculated 
solution temperature t is within the set error limit. 
The concentration value thus obtained is the 
concentration of the solution at pressure PA and 
solution temperature TA. This procedure is also 
applied in the determination of the strong-solution 

concentrations "' and "'at outlet from Generator 
I and Generalor 2, respectively, Fig. 3. 

Heal Transfer Dlltil!s and COP of the Sy.um 

The heat transfer duties of the various components 
of the double-effect LiBr-H20 system are 
determined from application of energy balance. 

a) Absorber: 

The heat of absorption in the Absorber is given by: . . . . 
QA =m1h10 +muh1, -mrh1 

. [x] . . = m, x: h~+m1,hu-m1h1 

(27) 

b) Generator I: 

Energy balance at Generator I gives: . . . . 
Qa1 =ms h5 + m11 h11 - m4 h4 (28) 

c) Generator 2: 

The quantity of heat released by the vapor leaving 
Generator I and absorbed by solution in Generator 
2 is given by: 

il., = ;,,// ( h,, - h,,) (29) 
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d} Condenser: 

Energy balance at the Condenser gives: . . . . 
Qc ::::: mn h0 +mu h14 - m1s h15 (30) 

The coefficient of performance (COP) of the 
double effect absorption cycle is given by: 

(3 I) 

A double-effect generation LiBr-H20 absorption 
refrigeration cycle is represented on a P-T-; in 
Fig.2. The numbers on this figure correspond to the 
state points indicated on the double-effect 
absorption cycle, Fig. I. 

System Optimization Flow Chart 

A flow-chart illustrating the optimization process of 
the double-effect LiBr-H20 absorption refrigeration 

Condenser 

15 

v, 

16 

Evaporator 
17 

model is given in Fig. 3. 

Discussion of Results 

The LiBr-H20 absorption refrigeration cycle model 
is analyzed based on values chosen from the actual 
ranges over which the machine is expected to 
operate. Accordingly, the following data are 
considered for the analysis. 

Q,~IOkW; p,~p,~2.0kPa; 

Pc=PG:=5kPa; PG1 :.:;J5kPa; 

£ 1 =t:1 =90%;~W =45%; ~SI ::::;JfJO/o; 

~Sl =55%. 

11 
Generator 1 

14 

V3 

13 

6 v, 
7 

Generator 2 
VV\fVVV 

12 ~----~-' 

8 

Heat Exchanger 1 

2 

Pu1np V2 

10 
,.--''-----------'---., 

Absorber 

9 

'--------../ 

Temperature 

Figure 2 P-T-1; Representation of Double-Effect Generation LiBr-H20 Absorption Refrigeration Cycle 

Using the steady state equations for the 
thermodynamic properties of LiBr-H20, the effects 
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varying parameters on the coefficient of 
perfonnance (COP) of the system were analysed. 
The maximum COP of the double effect absorption 
refrigeration system of the example considered 
(1.855) is about twice that of the COP of a single 
effect absorption refrigeration system (0.901). The 
effect of increasing the temperature of Generator 2 
and thus its pressure and the pressure of the 
condenser, keeping the concentration of the strong 

Start 
lnput1 

Input data 

OE PE Pc TA Pr.u TG, TGZ s, s, 

Evaluate the eWJporator temperauRJ 

T,=T.., Blp,; PA= p,; Eq.(26) 

Evaluste the condense! sst. temperaure 

Tc=T.., atp0 ; p.,= Pc; Eq.(26) 

Solve for the concentration of the weak 

solution~• al "!; & PA; Eq.(26) 

Solve for t from Eq. (26) 
applying p, & ~ w 

t = t •. +(tw±0.0001) 
<w 2 

No 

Yos 

solution leaving it constant at I;,, = 55%, ii\creases 
the COP of the system until the heat of condensation 
of the refrigerant vapor generated in Generator I is 
equal to the energy absorbed by the solution in 
Generator 2, Fig. 4. The COP of the double-effect 
absorption refrigeration is optimum, for the 
specified fixed upper cycle pressure (pressure of 
Generator I) and lower cycle pressure (pressure of 
Evaporator!Ab•orber), at about T,,, = 60.5°C. 

Solve tor the concentration of the strong 

solution ~ s1 at T 01 & p 0 , ; Eq.(26) 

Salvo for t from Eq. (26) 
applying p0, & ~" < = f.., +(~,,±0 .0001) 

ir;:s1 z 

No 

So/vo for tho concentmlion of the lllTOng 

solufion ~..,at T0, & p.,; Eq.(26} 

Solve for t from Eq. (26) 
applying p., & ~,, 

Yes 

lnput2 

, = t,,+(f,,±0.0001) 
.::;SJ 2 

No 

Figure 3 Flow Chart for Computer Simulation of the Double-Effect Generation LiBr-H20 Absorption 
Refrigeration Cycle 
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l lnput2 

\ 1;. =I;. =!;,. =!;., I l 
• Solve for solution enthalpy at state 3 

\ Solve forh15 Eq. (4) Eq. (14) 

h15 ::: hSDtL al Tc , h16 =-h15 • • Solve for enthalpy at HE2 

I 
Solve for h 11 Eq. (6) I Eq. (15) -Eq. (17) 

h17 = h sarv at TE h; = h 7 

• . • Solve for enthalpy at state 12, Eq. (5) 
Solve for solution.enthalpy at state 4 

h 12= hsarl at TG1 ; ht2 = h13 Eq. (18) 

• • I 
Solve for h n Eq. (6) I Solve for enthalpy of sat. vapor at T Gt ri17 "' h sarv at TE 

• h11 = h, at TG, 

Solve for enthafpy at state 12, Eq. (5) • 
h12=hsarl at TG1 ; h12 = h13 Salve for enthalpy of sat. vapor af T ,12 

• hr, = h, at TG, 

Solve tor solution enthalpy at state 1, Eq. (7) .. 
h1= f((...,,TA); h2 =h1 Calculate mass flow rates, Eq. (19) - Eq.(25) 

• m, =m2 ="13="14; ms =rhti ="17 

Solve for solution enthalpy at state 5, EQ. (9) 
ms =riig =rii10: ffl11="1n="11J 

m,o=rii10="117: rii14="11-"11i 
h5= f((a1,TG1) • + I 

Calculate heat duties 

Solve for solution enthalpy at stato 8, Eq. (10) oc o, QGf OG, 

ha = f((s2• TG2) j_ 
+ lnput1 

Sofve for enthalpy at HE1 
Change input data 

Yes 
Eq. (11) - Eq. (13) 

8 h, = h1o 

l p 

Figure 3 Flow Chart for Computer Simulation of the Double-Effect Generation LiBr-H20 Absorption 
Refrigeration Cycle (Continued) 
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Temperature of Generator 2 Tr;:: [ 0c j --------

Figure 4 Effect of Temperature of Generator. 2 on 
COP of the System 

The effect of increasing the temperature of 
Generator J on the COP of the system, for fixed 
evaporator and condenser pressures, is shown in 
Fig.5. Increasing the temperature of Generator I 
increases the generator capacity. And as may be 
expected (Eq. (31)), for a fixed cooling load, 
increasing the generator capacity reduces the COP 
of the system.. The effect of increasing the 
temperature of Generator 1 is performed for two 
cases. In the first case, the temperature of Generator 
J and its corresponding pressure are varied while the 
concentration of the solution leaving Generator 1 is 
maintained constant. Jn the second case, the pressure 
of Generator I is maintained constant and the 
temperature of Generator 1 and concentration of the 
solution leaving Generator 1 are varied. The latter 
case shows a drastic drop in the COP of the system 
while the drop in COP is insignificant for the first 
case, Fig. 5. 

2 

----------,-----------1.8 '-
~s1=50% and Tc;; & PG! varied 

11.6 Pm~I5 kPa a,,,/ Tm & <,;, mried 

-,... 1.4 
~ 

"-
8 

1.2 
P1:: = 2 fr.Pa and Pc =5 kPa 

81 82 83 84 85 86 

TemperatureoJGenerator 1 TG1 {°CJ -

Figure 5 Effect of Temperature of Generator 1 on 
COP of the System 
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Figure 6 Effect of Varying Cooling Load QE on 

Mass Flow Rate and Heat Transfer Rates 

The effect of varying the cooling load on the mass 
flow rate of the refrigerant and the heat transfer 
loads in the various components is shown in Fig. 6. 
As cooling load in the evaporator increases, the 
mass flow rate of the refrigerant in the system 
increases. The rate of heat transfer in the various 
components thus increases proportional to the 
increase in the refrigerant mass flow rate. 

A decrease in the COP of the system is observed 
with increasing values of Evaporator pressure PE• 
for fixed pressures of Condenser and Generator 1, 
Fig. 7. 

l.9~-----------------, 

LB 

1.7 
Pc= 5 kPa and PG!= 15 kPa 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 
2 2.5 3 3.5 4 

Evaporator Pressure PE { kPa] --

Figure 7 Effect of V ar;-ing Evaporator Pressure PE 

The effect of solution heat exchangers effectiveness 
is depicted in Fig. 8. The effectiveness of heat 
exchangers markedly affect the COP of the system. 
Keeping all other parameters fixed and varying the 
effectiveness of Heat Exchanger 1 from the original 
value of e1 = 90o/o to E1 = 65% reduces the COP of 
the system from l.851 to 1.825. The effect of lleaJ 

~ 

~ 
~ 
~ 

' 

"" ~ 0 

"' ' ~ 
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Exchanger 2 on the COP of the system is more 
pronounced as its value reduces from 1.851 to 1.755 
for the same range of effectiveness drop, s2 = 90°/o to 
s2 = 65%. The reduction in the COP of the system 
would even be lower if the effectiveness of both 
heat exchangers is simultaneously reduced from Erz 
= 90o/o to e11 = 65o/o. 

1.86 ~-----------------~ 

Pc=5k.Pa 
-

'-686~5-~-,7~0----,7"5--~8-0--~8-5 __ __,90 

!feat &changer Fffective.ness 6 [ % J 

Figure 8 Effect of Heat Exchanger Effectiveness on 
COP ofthc System 

NOMENCLATURE 

COP 

h 

m 

Coefficient of performance of double­
effect"absorption refrigeration system[-] 

Specific enthalpy [kJ/kg] 

Mass flow rate [kg/s], 

PA Absorber pressure [kPa] 

Pc 

PE 

PGI 

PGl 

Q, 

Q, 

Condenser pressure [kPa] 

Evaporator pressure [kPa] 

Generator 1 pressure [kPa] 

Generator 2 pressure [kPaJ 

Heat rejected in the Condenser [kW], 

Heat absorbed by refrigerant in the 
Evaporator (Cooling load of the system) 
[kW], 

Heat of absorption in the Absorber 

[kW], 

Heat received by weak solution in 

Generator 1 [kW], 

QGz Heat released by water vapor in 

Generator 2 [kW], 

Absorber temperature [°C] 

Condenser temperature [0 C] 

Evaporator temperature [0 C] 

Generator 1 temperature [°C] 

Generator 2 temperature [0C] 

~ Concentration ofLiBr-H20 solution[%] 

Concentration of solution leaving 
Generator 1 [%] 

Concentration of solution leaving 
Generator 2 [% J 
Concentration of weak solution leaving 
Absorber[%] 

Effectiveness of Heat Exchanger 1 and 
Heat Exchanger 2, respectively [-] 
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