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Abstract

i the present work, theoretical model is developed o study the single-clTeet absorplion
refrigeration cycle Trom the thermmodynamie point of view for lithium bromide-water pair and
lithium chloride-waler pair. The cffeet of different operating temperatures on the coclficient
of performance (COPY and How ratio (FR) {the weak solution mass flow raie with reference
to the refrigerant mass Now rale) are investigaded, The generation process in i absorplion
refrigperation  eycle using  lithium  chloride-water  selufion as  (he  working  pair s
experimentally studicd. From the theoretical study. it is found that the COP increases with an
merease in generation temperature untl a certain value, then it decreases slightly. The COP
mereases with an increase in evaporator temperadore and deerease in condenser or absorber
emperatures. The rate ol decrease in 'R s higher at higher condenser and absorber
temperatures. The data obtained Tor lithiom bromide-witer pair is compared with Tithium
chloride-water pair [Cis found that the COP is higher for litlum chloride-water pair than that
for Hithium bromide-water pair and the FR is lower for the lithium chloride-waler pair. ‘The
experimental results are plotted te iRustrale the effeel of generation lemperature on the
cocllicient of performance. flow ratio  and oulput variables, Also. the cltect of ihe inlet
solution temperatare, inlet solution flow rate and generator pressure on the gencerated waier
vipor is discussed. A minimum generation lemperature must be chosen (o boil of1 the water
from the lithium chloride-water solution. From the measured daty a maximum cocelTicient of
performance of 0.812 can be obtained Tor a single stage syslem.

Keywaords: absorption; refrigeration: hthium chloride: lithium bromide: generation.
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i- Introduction

The cnergy  demand  for  air-
conditioning 1o control temperudure and
humidity and lor the provision of lresh air
has increased continuously through the last
decades cspecially in developed countrics.

This incrcase is caused amongst olher

reasons by increased  thermal  loads,
occupant comfort demands and
architectural  trends.  This  has  been
responsible Tor the escalation of clectricity
demand und cspecially for the high peak
loads duc to the use of clectrically driven
vapour conypression machines. i order (o
recduce  the  clectricity  consumption,  Lhe
substilution ol wvapour  cormpression
machings by thermally  driven  cooling
systems using renewable energy as solwy
cnergy or wasle heal iy o promising
allernative. There wre scverd souvrces of
cnergy for praduciton of relrigerution, the
mosi important of which arc natural gas,
clectricily and solar encrgy. ‘This encray
can ae used o generate cold air or chilled
wiler by mcans ol a device capuble of
absorbing hewt at low temiperature from a
conditioned spiee andd rejecting it into the
higher temoerztuie of the outside wir with
an acceeplable cocliicient ol perlormance
called an absorption chiller | 1.

The principle theary ol absompiion
cycle is that a process by which cooling
cllect 15 produced through the use of two
Nuids (relrigerant and absorbent) and soine
quantity ol heat input rather than clectrical
mput  as - morce  Tanlir vapor
compression cycle. Absorption plants are
generally classificd as divect or indivect-
fired and as single, double or wiple ellect.
[n divect-fired units, the heat source ¢can be
natural gas or some other fuel that is
burned in the unil, indirect-lired units use
stcam, hot water or some other transfer
fiuids that bring in heat from a separalc
source, such as a boiler or heat recovercd
from an industrial process.

- Closcd cycle absorplion systems arc
available toduy in 1wo basic
confligurations. for applications above 5°C
a hithium bromide-waler cyelz is employed

hee! &b Blseidy

and 05 wsed inoreirigerstion cycle. Tor
apphications below 5°C an ammonia-wider
cycle is employed. Ty comparison to the
ammonti-waler cycle the lithium bromide-
waier has o number of advantages, the
pricciple  advaniages  being,  higher
coclficient ol perforanimee COIM.

In air conditioning applicaiions of
absorption refrigeration cycles, many of
binary mixtures can be used as working
fluids c.g., lithium bromide-waier, lithium
chloride-water and ciderum chieride-waler.
Practicaily aqueous  solution of  lithtum
bromide is widely uscd as the working
(Teidd i the absorption relrigeration cycles.

A number of authors have invesligated
the perfornnnce of absorption
refrigeration cycles using lithium bromide-
witler  solution - [2-9]  and  significant
progiess has been achieved in this arca.

Ao Alaktiwi et al. [2] presented an
experimental and theorctical studies on the
opcrating characteristics ol an air cooled
absorplion refnseration machine eperating
with 1thiem bromide-water solulion. A
coclitcicnt of porformonce of 0.74 s
obixnined.

Single cllect absorplion syslemis arc
timicee in COP 1o about 9.7 and il is not
suitedl 1o wtilize a heat source al a
emperatuee Ligher than about 169°C.

To icke advantage ol a  higher
teimperatere heat  source,  absorption
syslems nst be configured in mullistage
to ulifize the hieat vejecied  from  the
condlenser to pov.er additional generators,
thereby approximaicely doubling or tripling
the amount ol refrigerant extracted oul of
solution with no extra heat spent. The
syslem usc gas-lircd combustors or high
pressure sieant is the heat souree.,

Double-cffect absorption chillers arc
uscd for air-conditioning and process
cooling in reglons where (he cost of
clectricity is high rclative 10 natural gas.
Double-c(Tect absorption chillers are also
uscdl in applications where high pressure
stcam such as distnict heating, is readily
available [10].

K. Sumathy ct al. [8] presented an
experimental  study  on two  stage
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absorpticn unit using  lithium  bromide-
waler solution, the unil was driven by hot
water of temperature 60 o 75°C which can
be casily provided by conventional solar
hol water syslems.

Little work has been done in the Ticl!
ol which absorptian refrigeration syslems
use lithium chloride-water solution as the
working fluid in comparison with the
sludies on the lithium bromide-water
absorption cycles. Most of the available
studies were carried oul theoretically using
compuler simulation in order to study the
different variables which affect on lhe
cycle performance.

G. S. Grover [!l}] presenicd a
(heoreticul study lor absorption heat pump
systems from the (hermodynamic point of
vicw, the COP and MMow ratio were given
as a [unction of the operating (cmperatures
at the generator, evaporiloer, condenser and
absorber. They also compared the data
oblained with published data for lithium
bromidc-waler absorption cycics.

-G, S, Grover  [12]  analyzed
thermodynamically  the  possibility 1o
operate lithium chloride absorption heat
pump systems for heating process.

S. K. Chaudhari et al. [[3] designed
and constructed a small glass absorption
heai pump using three working pairs
tithium chloride-water, caleium chloride-
water and water-(1-1 by weight) mixture
ol lithium chioride and calcivm chloride.
The experiments had shown that the umit
can be operated with the (hree systems 1o
give actuad (COP) in the range 1.16-1.48
and they have presented o comparalive
study for the three systems.

5. K. Chaudhari et al. [14)
imvestigated the thermodynamic propertics
ol aqueous solutions of lithium chioride
and construcled the Enthalpy-
concentration charts.

S. H. Won et al. [15] presenled a
(theoretical study from the thermodynamic
poinl of view for double cffcet lithium
chloride-waler absorplion cycle, the COP
and flow ratio were given as a {unclion of
gencrator lemperalure, condenser
lemperalure and evaporator (emperature.

They also compared the data obtained with
published data for lithium bromide-waier
cycles.

The literature revicw on absorplion
relmigeration eycles shows (hat. a lot of
work has been done (o study the lithium
bromide-walter relrigeration cycles
theoretically and experimentally, but there
is a lack of published comprehensive
experimental  performance data  for
absorplion  relrigeration  system  using
fithiumi  chloride-water solution as the
working pair.

Several objectives are” [ormulated 10
address the overall goal of the present
study; these objectives are Lo:

1- Asses the ¢llect of different variables and
operating  conditions  on  the cycle
performaveg, generalor lemperalure,
condenscr lemperature, cvaporalor
lemperature  and  absorber  temperaturc.
Also, il is objecled to compare the derived
thermodynamic data for lithium bromide-
waler pair with lithiwm chloride-walter pair.

2-Design and install a generalor unit as o
main  part of a single-clfect absorption
refrigeration cycele using lithium chioride-
waler solution, o study the cifect of
regencration lemperature on the rate of
walcr vapour produced inside the generalor
at constant vacuum pressures and evaluaie
the  minimum  generation  lemperature
requircd to bail of T the water from the LiCl-
waler solulion.

3-Swdy and discuss the cllect of inlet
solution conditions, (solution temperature
andd selution flow rate) and  gencralor
pressurc on the rale ol walcr vapour
produced al constant generalion
temperalures.

2- Theoretical Analysis

Figure (1) shows a block disgram of an
absorplion  relrigeration  cycle  in  the
simplest single elfect configuration. The
cycle consisls of an cvaporalor, condenser,
gencrator, heat exchanger and absosber.
High pressure ligmd  refrigerant coming
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from (he condenscr al slale {8) passes into
the evaporator through an expuansion valve

at state (M thal reduces  (he pressure of

(he relrigerant to (he low pressure existing
in the evaporator. The liquid relrigerant (9)
vaporizes in the evaporalor by wbsorbing
heat from (ke material being cooled and
the resulting low pressure vapor ol state
(1) passes o the absorber where it 1s
absorbed by (he strong sclution coming
(rom the generator at statc (4) through an
cxpansion valve al stale (0), and forms

/l/Qc
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exchanger to extract some energy from the
strong solution and then flows into the
generator al state (3). In the generater heat
is added (o the weak solution to boil off
some of the reirigerant, (he remaining
strong solution at state (4) flows back to
the absorber ad the pure (or nearly purc)
refrgerant vapor leaves the gencralor ot
state (7) 10 travel through (he condenser at
stale (8) and lhus compietes the cycle.

‘ Condeunser

Flirottling
Vihe

0

G

LV

Streag
Solution

Fleut
Exchanger

——

72 | Weak
Solution

Throstling
Vithve

Evaporator

w  Absorber J___L__

/l/ Pruinp

Wy

Fig. (1) Block diagram of an absorption refrigeration cycle (single-effect).

the weak sofution at stale (1}. By weak
solution {strong solution) wc mean a liquid
solution of low  (high) absorbent
concentration. The wweak solution at stale
(1) is pumped through the solution heat

Hcat and mass balance equations for
the system components arc presented as
follow:

For the refrigerant throtiling valve:
The total mass balance:
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me=my =m0 ()

Where: m_ is the refrigerant mass flow
rate. kg/sec
The energy balance;

ho=H, . (2)
Where: s the enthalpy ol saturated
iquid refrigerant at T, which equal lo
condenser temperaturc 7, kd/kg

For the selution throttling valve:
The 1otal mass balance;

mo=m, (3)

The energy balance;

ho=h ()

Where: i s the eathalpy of strong
solution, kifkg,

For the evaporator:
The total mass balance;

m, =g =, (D)

The encegy balance;
Q, =m,, (n.~h,) cl(0)

Where: (0, is the amount of heat input lo
the evaporator {cooling capagciiy); I, is
the cothalpy of saturated relrigerant vapor
al Ty, klkg.

For the gencrator:
The lotal mass balance;
m, =m, +m, T
The absorbent mass balance;

M =anx,dmx, (8)

Where:  x, is  the weak  solution
concentralion al state (3). % by weight
kisudKgsaimen: ¥, Is the slrong solution
concentration at stale (4). % by weight
Kgan'Kesotwon; 4, 1 the  absorbent
concentration in refrigerant at state (7),
(cqual zero); 1, is (he weak solution

mass flow raic, kg/sec; m, is.the strong
solution mass [low rate, kgfscc and

M=,

The energy balance,

O, =mhy+mh ~-mh (9)

Where: . is (he amount of heal added
to the generator, kW1 4 is the enthalpy of
reltigerant vapor at 7, kl/kg; A, is the
cithalpy of strong solution at generalor
temperature 7 oand x, kikg and A, is
the enthalpy of weak solution at 7 and
X, kl/kg

Fromt cquations (7) and (8), the slrong

and weak solulion mass {low rale ¢on be
cviluaied as,

The Mow ratie FR can be delined as
the weak solution mass (low rate with
relerence to the refvigerant mass (ow rale
as;

K1 Y
JR=—"F = "1 o (12)
m, X, X
For the absorber:
The total mass balance:

mo=m, +m, (13

The energy balance;

Qy=melng+mh —mh (14)

107 "y

Where: Q) is the amount of heat rejected
from the absorber and 4, is the enthalpy of
weak solulion al absorber temperature T
andx,, klkg.

For the pump:
The total mass balance;

m, =, e (15)

The cnergy balance:
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W= (h, —h)

Where
iV, is the work conswmed by the pnmp. W,

e (16)

[Far the condenser:
The totad mass balanee;

m, o= my U0
‘The energy balance;
 =m,, (,-ny)y L (1)

Where: @ is the amownt of heat rejectedd
from the condenser, W

Far the heat exchanger:
The 1ozl mass balanece;

IR NN S IN s (1
The energy balance;

ho=h o+ 220 -0) (20)

",

The heat exchanger clfectiveness, & is
defined as.
g t=nH 1)

m, T, =1,

Al sleady stale, assuming that there are
no heat losses, the heat input (to the
cvaporalor and generator) 1 addition (o
the work consumed by the pump 1V, is
equal 1o the heat rcjecied (from  the
absorber and condenscr). Henece, 1he
overall heat balance can be represented as,

O, +QuxW, =0,+0,. .. (22)

The actuat coefficient of pertformance COP
of the cycle can be deflined as

cor=—2_ (23)

o + IVP

Neglecting the work consumed by the
pump compared to the heat added to the
generalor O, the cycle coellicient of

performance can be calculaled as,

{oP = Q.

"

The pressure of the refrigerant inside
the condenser and the cvaporalor can be
catculated according to cqualion (25) [4]
as,

Lapl = —0.21251 £ 3 136119x 1077/, - 1,22512x 107" 7]
+ 3063810 78 - 50707 0 T

Where: P is the pressurc of the
rclrigerant  inside  the  cvaporator  and
comndenser, kPa and 7 is the refrigerant
saturation temperature, "C.

The enthalpy of the superheated waler
vipor al oultlel from  generalor can be
caleulated from [7]. The liquid and vapor
cuthalpies of the refrigerant can also be
caleulated from [16].

Thermo physical propertics of lithium
bromide-waler and lithium chloride-water
solutions are  oblained from  Tithium
bromide chart and  relerence  [11]
respeclively.

Now, the thermodynamic analysis [or
the cycie is completed (or caleulating, (he
flow ratio and (he coelficient  of
performance within (he operational Timits
for the following range:

For lithtum bromide-waler cycle:
1.=55-115°C, T.=28-46°C, 7, =5-18°C,
T,=24-35°C, weak solution mass [tow rate
=7 kg/sec, high pressure = 20 kPa and low
pressure = | kPa.

or lithium chloride-water cycle:
71.=50-95°C, 7,.=28-46°C, 7,=3-18°C,
T, =24-35°C, weak selution mass flow ralc

=7 kgfsce, high pressure = 20 kPa and tow
pressure =1 kPa.

Calculation of the Heat Transfer
CoclTicicnt

The generation unit is manufactured as
a cross [low (single-pass) heat exchanger
type, the heal teansler cocfficient h),,

W/m? K can be evalualed from cquation
(20) as,
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I = = . {20)

Where A4, and A, is (he (otal oullet
and inlet arca of he copper tbes. m?;
is lhe overall beat transfer cocllicient,
W/m? K; £, is the hot water heat transfer
coefficient, W/m’.K and #_ is the wall

conduclance bascd on  inside area,
W/nl K,

The overall heat transfer coefticient
1, can be evaluated from equation (27) as,

)
n o= Q’— .21
A AT, 1

‘m

Wherc: (J,, is the hat watcr heat transfer

ratc. W and can be cvaluaied lrom equation
{28) as,

0, =m, Cp (1, ~T,..) .28

Where m, Is (he hot water mass flow

rate, kgfsec which is a constant value
during uall experiments and  can  be
measurcd by weighting a specific volume
ol hot water which circulate through the
generator al a period of (ime; C.P; is the

specific heat of water and can be
caleulated from [19], kJ/kg.K; 7, is the

g

inlet hot water temperature to generator,

Ki 7., is the outlet hat water

temperature from generator. K. 7, and

frov
T,

fwe

are measured experimentally.

AT, is the log mean temperalure

difference, K and can be calculated from
equation (29) as,
(}"f 50 - }': )— (7‘&“ .f_T-)

T, =t ' 2
a7, i ef29)
n

Bowa

Where 7 and 7, is inlet and outlel
solution temperature, K; f is the

correction lactor and can be cvalualed
from [18].

The hot water heal transler coelficient
/2 can be evalualed lrom equation (30) as,

Q..
I = e (30)
Al 1)
Where 7, , Is the average hot waler

temperature, K and  equal to
@, +7,.)/2 and T is the wall

W Bowo
temperature for the copper fubes, K and
measurcd cxperimentally by a  digital
thermometer.

The wall conductance /1, can be
evalualed [rom cquation {31) as,

poo 2K 31

{
A n Lo
d

]

Where K is the thermal conductivily for
the copper tubes, W/mK and can be
cvaluated from [19]; o and d s the

outside and inside tube diameter and equal
10 0.013 and 0.012 m respectively and / is
the tube length 0.32 m.

3- Experimental Set-Up

Figure (2) shows the layout of the
experimental set-up, it consisls of hot
water tank (1) fitled with electrical heater
(2). In order 1o control the temperaturc of
ol walter the cleetrical heater is equipped
with a thermostate. A water pump (3)
circulates the hot waler through the cycle.
The lithium chloride-water solution flows
(rom (he weak solution lank (6) 1o
regenerate in the generalor unit (4). The
weak solution tank is fitted with an
clectrical heater (2) to heat the solution at
diffcrent temperatures. A vacuum pump
(5) is equipped with the generator to
remove the water vapor to ambient air and
maintained the penerator under a certain
vacuum pressurc. Afller regencration the
regencrated solution leaves the generator
1o collect in the strong solution tank. The
experimental  facilities  consistl of the
{ollowing items:



M. § A.M. Elzahaby, A. M. Hamed, A. L. Kabect & M. K. Elscady

I-Hot water tank, it is uscd as a
reservoir for heating the winer at variable
temperatures by an clectrical heater and
manufactured fromea galvanized sheet iron
1.5mm thickness; the dimension of the
tank is 0.3x0.3x0.5m. The tank is isolaled
by -a thermal isoliating material 1o reduce
the heat losses from (he tank to (he
ambicnt air.

2-Electrical heater, it is used to heat
the water and weak solution al vanable

degrecs ol temperaturcs, the heater
provides thermal power about 2000W. 1t s
fixed in the bottom of the hot wuler tank
and weak solution tank and connecicd with
clectrical thermostat.

3-Hot water pump, It is used (o
circulate the hot water inside the generator.
The type of the pump uscd in this work is
centrifugal type, the power ol the pump
cquals 880W and the speed cquuis 2850
r.p.m, it gives maximum [low ruic 0.029
m/imin.

4- Generalion unil; it is manuluctured

as a cross flow (single-pass) heat
exchanger type as shown in Tigure (3) and
consists of:  The ouler casing, is
manufactured as a rectangular shape from
an iron sheet metal 6.00mm thickness, The
dimension  of the outer casing s
0.44x0.35x0.10m .
The inner sheil, is manufuctured as a
matrix of copper tubes consists of 7 rows
and 3 columns which constructed as a
staggered array. The {ubes huving 0.013m
culer diamceler, 0.012m inner diameter, and
0.5mm thickness, the total length of tubes
1s 0.34 m and the wetted length is 0.32m,
the number of tubes 15 eighteen and the
tubes fixed in the outer casing by welding.
The spray header is manufactured from
copper mctal  with  dimension  0.30m
length, 0.010m ocuter diameter and
thickness 0.5mm. The number of Lubes is
three. There are many hoeles in the top of
these tubes to spread the inlet weak
soluion from the weak solution tank
above the inner shell tubes (o increase the
heat transfer betwecn the weak solution
and the hot water.

The sight glasses, they are used Lo allow
flow rate  visuabzation  inside  the
generator. They are manufactured from a
fiber material 6.00mm  thickness  with
dimension  0.30x0.15m  and  the sight
ghasses fixed at the outer casing by bolts,

5-Vacuum pump, it is used o renmove
waler vapor [from lhe generator and
maintained (he cycle under a certain
vacuum pressures 20, 30 and 40 kPa. The
type of vacuum pump used.in this work is
double stage rotary vane type. The power
of the vacuum pump cquals 586 W, it
gives ultimate vacuum pressure of 9.5 Pa.

6-Weak solution tank [upper tank], it
is uscd as a storage tank from which the
weik solution flows Lo the generator and is
manulactured from o galvanized sheet iron
[.5 mm thickness, the dimension of the
tunk is 0.20x0.20x0.30m. The tank is
hitted with an clectrical heater (2) {o heat
the solution at different temperaturcs.

7- Strong solution tank [lower tank]., it
is uscd for collecling the oullet solution
from the generator, It has the same shape
and dimensions of the weak solution tank.
8- Vulves, they are used al scveral points
of the apparalus as shown in figure (2) to
control the mass Now rate of the hot water
and solution. There are (wo types of the
valves: Ball valves, to control the hot
waler mass [low rate.

Throttle valves, to control the weak
sotution mass [low ratc and controlling the
vacuum pump suction flow rale,

9- Mcasuring instruments:
Temperature  measurements, a  digital
theemometer is fitted inside the generator
to measurc he average generation
temperalure, inlet and outlet temperatures
of hot waler and strong solution
temperalure are measured by
thermometers  (8). (99 and  (10)
respectively. The  weak  solution
temperature is measured by mercury
thermometer. The vacuum pressure inside
the generation unit is measured by a
pressure gauge (11).
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Fig.(2) Schematic of the Experimental Set-Up
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Fig.(3) The Generation Unit
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The weak and strong solution
concentrations is evatuated by measuring
the solution density and temperature. the
measured density at a given temperature is
then used to find the concentration, which
15 given as a function of density and
temperature in reference [17]. The solution
density is evaluated by weighting a sample
of solution at inlet and outlet of the
generator by a digital balance of 0.02 g
resolution and a wvessel of 100 cm
volumes. The weak sotution flow rale is
measured by a stop watch and a level
indicator connected with weak solution
tank,

4- Experimental Procedure

The operation and data cotlection are
carried oul as follows. First, the weak
solution is put at the weak solution tank at
a concentration of 30% and maintained at
this value for all runs. switching on the
clecirical heater and hot water pump, once
the' required generation temperature and
steady state condition is reached the
vacuum pump is switched on. At a desired
generation pressure, inlet and outlet
temperatures of the solution and hot water.,
average genecration temperature  and
generation pressure are recorded. At the
cnd of the experiment the generated water
vapor is calculated. 53 tests are carried out
at different inlet solution conditions
{temperature and flow rate). generation
temperatures  and different  generation
pressure. Then the results are presented
graphicatly.

5- Results and Discussions
5-1 Theorctical Results

5-1-1 Model Validation

A general validation of the model is
done by using the derived data obtained
from [11] for lithium chloride-water
solution. Figure {(4) shows the simulated
results for the effect of generator
temperature  on the coeflicient of

performance at 7, =6°C, T,=30"C and
T..=40°C. The comparison between results
shows a reasonable agreement.
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Flg. (4) Copmarison between ths data odMained frem

pravigus work [11] and the present work for  the

eflect of generalor temperature on the coefficient
of performance for LiCl-water solution

The effect of different operating
conditions on the cycle performance and
flow ratio for lithium bromide-water cycle
are depicted in figures 4. 5. 6 and 7 for the
following range of temperatures:

T,=55-115°C, T.=29-46°C, T,=5-18°C,
T,=24-35°C

Figures (5) and (6) show the variation

of the coefficient of performance and flow
ratio with the generator lemperature at
condenser temperature of 29, 36, 42 and
46°C respectively. It can be seen that the
coefficient of performance inifially
increases rapidly until a certain degree of
generator temperature, it decreases slightly
or become insensitive to any increase in
generator temperature. It 1s also observed
that the coefficient of performance is
higher at lower condenser temperatures.
e.g., at the generator temperature of 90°C,
evaporator temperature of 7°C, absorber
temperature  of 30°C  and condenser
temperature of 29 and 46°C, the coefficient
of performance is 0.869 and 0.836
respectively.
Also it can be seen that the flow ratio
decreases as the generator temperature is
increased. The rate of decrease in flow
ratio is much higher at higher condenser
temperatures.



Mansoura Engineering Journal, (MEJ), Vol. 31, No. 2, June 2006. M. 11

2.9 T T —T
3 Te=/"C
o [ T.=30C —_—Tm o T
§ 08 / 7 / - .
-
§
Tt oot / LiBrwatel s0/ulion i
& [ e
2 —_— — T.236C
<
5 s l ————— T 242°C
£ —_ - — TaBC
o
3

05 —_ 1 ) I I

40 £0 80 100 120

Genorator temparalure, Tg (°C)
Fig. |6) The eftect of genarator temperature ¢n he
coeMictent of periormance al different condenser
ltemperatures, Te

80 T T T T
=70 Lildr solution
T,=30°C Yozgec |
60 - [
3 | — == T=3EC
..';_-. i - — - T.=42°C
% a0 \ — - — T m6C A
¥
o
£ \
20+ \ . -
| .._____\ M\
0 R TR ] .‘ _
40 60 .11} 100 120

Generator lemperare, Tg (°C)

Fig. {6) Tha eltect of gensrator tempearature on the Mow
ratio al different condenser {emperalures, Tg

Figures (7) and (8) show the
variation of the coefficient of performance
and flow ratio with the evaporator
lemperature at condenser temperatures of
29, 36, 42 and 46°C respectively. It can be
scen that the coefficient of performance
increases monotonically with an increase
in  evaporator temperature. It is also
observed that the coefficient of
performance is higher at lower condenser
temperatures. The flow ralio decreases
with  an  increase in  evaporator
temperature. The rate of decrease in flow
ratio is higher at higher condenser
temperatures. It is noticed the results in the
present work have a good agreement with
those obtained by [3].

The effect of different operaling
conditions on the cycle performance and
flow ratio for lithium chloride-water cycle
are depicted in figures 9, 10, 11 and |2 for
the following range of temperatures;

T, = 50-95°C, T.= 29-46°C, T, = 3-18°C,
T, = 24-35°C.
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Figures (9) and (10} show the

variation of the coefficient of performance
and the flow ratio with the gencrator
temperature at condenser lemperatures of
29, 36, 42 and 46°C respectively, from the
graphs it can be scen that the coefficient of
performance initially increases rapidly but
tends to attain a limiting value at higher
generator temperatures. [t is also observed
that the coefficient of performance is
higher at lower condenser temperatures.
e.g., at the generator temperature of 75°C,
evaporator temperature of 7°C, absorber
temperature  of 30°C  and condenser
temperature of 29 and 46°C, the coefficient
of performance is 0.866 and 0.8206
respectively.
The flow ratio decreases as the generator
temperature is increased. The rate of
decrease in flow ratio is much higher at
higher condenser temperatures.

Figures (11) and {12) show the
variations  of  the  coefficient of
performance and the flow ratio with the
evaporator  temperature  at  condenser
temperatures of 29, 36, 42 and 46°C
respectively.
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ft can be seen that the coefficient of
performance increases with an increase in
evaporaior temperature. It is also observed
that the coefficient of performance is
higher at Jower condenser temperatures.
The flow ratio decreases with an increase
in evaporator temperature. The rate of
decrease in ftow ratio is higher at higher
condenser temperatures.

comparison befween the lithium
bromide-water system and lithium
chloride-water system.

Figures 13, 14, 15 and 16 illustrate the
effect of different operating conditions on
the: cycle performance and flow ratio for
both [ithium chloride-water and lithium
bromide-water pairs for the following
ranges:

T.=55-95°C, T,=7-18°C, 1.=29.46°C,
T,=25,30°C,

Figures (13) and (l4) show the
variation of the coefficient of performance
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and the flow ratio for both the LiCl-water
and LiBr-water systems with the generator
temperature, at evaporator temperature of
7°C, absorber temperature of 30°C and
condenser temperatures of 29 and 46°C
respectively. It can be seen that the
coefficient of performance for the LiCl-
water pair is higher than the LiBr-water
case, also the system can operate on the
LiCl-water pair at much lower flow ratios
than that for the LiBr-water pair.

Figures (15) and (16) show the
variation of the coefficient of performance
and the flow ratic with the evaporator
temperature at condenser temperature of
46°C, generator temperature of $0°C and
absorber temperature of 25 and 30°C
respectively. It can be seen that the
coefficient of performance increases while
the flow ratio decreases with an increase in
evaporator temperature.

Based on this comparison it may
appear that the system can operate on the
LiCl-water pair at much lower flow ratios
than that for LiBr-water pair, and the COP
is higher for the LiCi-waler pair. So,
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lithium chloride 15 a better choice of
absorbent.

However other physical properties hike
viscosity should also be considered.
Aqueous solutions of lithium chloride have
higher viscosities than lithtum bromide
solutions. Thus  absorption  syslems
operating with lithium chloride solutions
will have a higher load on the solution
circulation pump.

Finally, the importance of derived
thermodynamic data as flow ratio is that
the flow ratio determines the size of the
various items of equipment. an increase in
the flow ratio affects the performance in
the following ways [11]:

- The concentration ditference between the
absorber and gencrator decreases.

- The heat losses {rom the system become
higher.

- The power required for the solution
pump increases.
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5-2 Experimental Results

A total of 55 data runs are taken under
various operating conditions. The input
variables used in the experiments are,
generator  temperalure, inlet  solution
temperature, and generator pressure. For
all  experiments, the inlel solution
concentration and the inlet solution mass
flow rate are fixed at a value of 30% and
0.0024kg/sec  respectively. The output
parameters is measured or calculated from
experimental data. The measured output
paramelers are outlet solution
concentration  and  temperature, the
calculaled output parameters are, mass of
generated vapour, flow ratio, amount of
heat added, overall film heat transfer
coefficient and cocfficient of performance.
The range of operating conditions
employed in this research is presented in
table (1).
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Table (1) Range of operating conditions:

Inlet solution temperature (°C) 22: 60
Inlet solution concentration 10
(%)
Inlet solution mass flow ratc
0.0024
(kg/sec)
| Generator temperature {(°C) 39:90
Generator pressure (kPa) 20:40
——
Number of tests 55 T
L.

Figures (17) and (18) show the
variation of the rate of water vapor
produced with the generator temperature
for different runs, at generator pressure of
20, 30 and 40kPa, inlet solution mass flow
rale  of 0.0024kgfsec, inlet solution
temperature at the range (22:59.6°C) and
inlet solution concentration of 30%
respectively. It can be noted that the mass
of water vapor generated inside the
generator is increased with an increase in
generator temperature. For the same
conditions (generator temperature, inlet
solution temperature and inlet solution
mass flow rate) the rate of water vapor is
higher at lower generator pressure, e.g., at
generator (emperature  of 76°C, inlet
solution temperature of 22°C, inlet
solution mass flow rate of 0.0024 kg/sec
and generator pressure of 20, 30 and 40
kPa, the rate of water vapor is 0.108, 0.072
and 0.061 kg/hr respectively

An increase  in inlet  solution
temperature and for the same conditions
results in increase the rate of water vapor
generated, e.g., at generator temperature of
76°C, generator pressure of 20 kPa | inlet
solution mass flow rate of 0.0024 kg/sec
and inlet solution temperature of 22 and
59.6°C, the rate of water vapor is 0.108
and 0.244 kg/hr respectively.

Also from figures, it can be observed
that for generator pressure equal 40 kPa
there is a minimum generator lemperature
which can be used to boil off the water
from the solution approximately (65°C).

The most important parameters are
deccasing the generator pressure and
increasing the inlet solution temperature,
this results show the important of using a
heat exchanger in any absorption
refrigeration cycle.
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Figures (19) and (20) show the
variation of the flow ratio with the
generator temperature for different runs. It
can be seen that the flow ratio decreases as
the generator temperature is increased. For
the same conditions, an increase in infet
solution temperature decrease the value of
the flow ratio, e.g, at generator
temperature of 87°C, inlet solution mass
flow rate of 0.0024 kg/sec, generator
pressure of 20 kpa and inlet solution
temperature of 22 and 59.6°C the flow
ratio is 49.1 and 16.8 respectively. It is
also observed that the rate of decrease in
flow ratio is much higher at higher
generation pressure.

Figures (21) and (22) show the effect
of generator temperature on the outlet
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sofution temperature from the generator
(strong solution) for different runs, as
expected, the outlet solution temperature
increases as the generator lemperalure 1s
increased. [t can be noted that for the same
conditions an increase in  generalor
pressure results in increase in the outlet
solution temperalure, e.g., at generator
temperature  of 76°C, inlet  solution
temperature of 22°C, inlet solution mass
flow rate of 0.0024 kg/sec and generator
pressure of 20, 30 and 40 kPa, the outlet
solution temperature is 64. 63 and 62°C
respectively.
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Figures (23) and (24) show typically
the experimental results of the outlel
solution concentration (strong solution)
with generator temperature for different
runs. [t can be observed from these figures
that the outlet solution concentration
increases with an increase in the generator
temperature. As is shown, at the conditions
where generator pressure equal 40 kPa a
minimum gencrator temperature mus! be
used (approximately 65°C) to boil off the
water from the (LiCl-waler) solution, then

getting a vanation in outlel solution
concentralion. Finally the outlet solution
concentration is  higher for higher
generation temperature (up to 80°C).
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Also it can be noted that for the same
conditions, an increase in the inlet solution
lemperature increases the outlet solution
concentration. e.g., at generator
temperature of 8§2.5°C, generator pressure
of 30 kPa, inlet sojution mass flow rate of
0.0024  kgfsec and inlet  solution
temperature of 22 and 55°C, the outlet
solution concentration is 30.3 and 31.57

respectively.
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Figures (25) and (26) show the
relation between the generater temperature
and the amount of heat added to the
generator, Qg for different runs. As
expected the results show that the amount
of heat added to generator increases with
an increase in generator temperature. Also
it can be observed that an increase 1n inlet
solution temperature and a decrease in
generation pressure results in increase the
total heat added to generator.
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Figures (27) and (28) show the
relation between the generator temperature
and the heat transfer coeflicient hy. It can
be indicated that the trend of heal transfer
coefficient is varied random with an

increase in generalor temperature, this
because there are many factors affected in
calculations of heat transfer coefficient as
explained in the theoretical analysis.
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Figures (29) and (30} show the effect
of generator temperature on the coefficient
of performance of the absorption
refrigeration cycle for different runs. It can
be observed that the coefficient of
performance, COP increases with an
increase in generator temperature until a
certain generator temperature
approximately (79:83°C) for all runs then
the COP decreases slightly or become
insensilive to any increase in the generator
temperature.

Also it can be noted that, at the same
conditions the COP is higher at lower
generator pressure, e.g., at the generator
temperature  of 76°C, inlet solution
temperature of 22°C, inlet solution mass
flow rate of 0.0024 kgfsec and generator
pressure of 20, 30 and 40 kPa, the
coefficient of performance is 0.187, 0.147
and 0.120 respectively.
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Also, the COP is higher at higher
iniet solution temperature.
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6- Conclusions

A theoretical model describing the
effect of different operating temperatures
on the flow ratio and the coefficient of
performance is  presented  for  the
absorption cycle using the LiCl-water pair
and the  LiBr-water  pair.  The
thermodynamic analysis of the two cycles
show that the COP increases with an
increase in generation temperature until a
certain value of generalor temperature,
then it decreases slightly or become
insensitive to any increase in generator
temperature. An increase in evaporaior
temperature, or decrease in the condenser

and the absorber temperatures increases
the COP.

The data obtained for the LiCl-water
system are compared with that oblained
for the LiBr-water system.

A generation unit in an absorption
refrigeration cycie uses a lithium chloride-
waler solution as the working pair has
been constructed and experimentally
studied to evaluate the effect of different
operating conditions on the rale of water
vapor produced inside the generator and
the cycle coefficient of performance.

The results are plotted and have
revealed these findings:

I-The COP is higher for the LiCl-
water pair than that for LiBr-water pair.
for identical conditions.

2-The flow ratio FR is lower for the
LiCl-water pair when compared with that
for LiBr-water pair.

3-The LiCl-water pair can be used for
a lower range of generator temperatures
and hence is suitable for solar absorption
refrigeration systems. e.g., at different
operaling conditions, the maximum COP

1$ obtained at generator temperature al the
range ( 65-85°C).

4-For specific design parameters, a
suitable generation temperature must be
chosen in order 10 boil off the water from
the LiCl-water solution. e.g., at generation
pressure of 40 kPa a minimum generation
temperalure required is 65°C

3-lnlet solution temperature and
generation pressure have a significant
effect on the waler vapor generation rate.

6-The maximum coefficient of
performance obtained from measured data
15 0.812.

Nomenclature
A, Total inside area of copper tubes, m”.
A, Total cutside area of copper tubes, m’.

COP  Coefficient of performance,

C, Specific heat, kl/kg K.

d Diameter of copper tube, m.

F Correction factor.

FR Flow ratio.

h Enthalpy of solution or
refrigerant, kJ/kg.

il’ Filin heat transfer coefficient,

Wim? K.
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h, Heat transfer coefficient based on hot
water side, wW/m’ K.

he Wall heat transfer coefficient,
Wim? K

[ Tube length, m.

k Heat ¢xchanger effectiveness.

K Thermal conductivity.

m Mass flow rate, kg/sec.

My Inlet solution mass flow rate, kg/sec.

P Pressure, kPa.

Q Heat transfer rate, W.

T Temperature, °C or K.

u, Qverall heat transfer coefficient,
w/m’. K.

W, The work consumed by the pump,
W,

X Solution concentration, %.

Greek symbols

A Difference

Subscripts

A Absorber

C Condenser

E Evaporator

G Generator

gen Generation

how Hot water

h.w,av  Average hot water

h.w,i  I[nlet hot water

how,0 Outlet hot water

iorin laletl

L Liquid

0 QOutlet

p Pump

ref Refrigerant

s Saturation

sol Solution

AY Vapor

W Wall
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