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APPOINTING THE PROPER OPERATING VAR{ABLES FOR EFFICIENT
AIR-COOLED LiBr-WATER ABSORPTION REFRIGERATOR

Dr. Abdulwadoeoad Salman Shihab
Technical Institute of Basrah

1- Absiract

The aim of the present study is o perform analytical simulation for the single-effect LiBr-
water gbsorption refrigerating system (ARS) in order o scan for all possibilities of operating
the cyele among most available uperating variables t obtain the best performance and
determine what are the proper paramcter necded 1o be changed so that the refrigerator can
operate using ambient air instead of water and cooling tower accessaries to dissipate the hear
at the condenser and absorber. The COPs of the cycle was obtained as a function of the
different temperature of the cycle and solution concentration, The peifermance characteristics
of the eycle were examined by changing the temperature of the heating source supplied at the
generater, the remperatures at the condenser, absorber, and evaporator, It can be concluded that
the concept of air cooled absorption chiller is feasible with coeflicient of performance of 0.43
10 0.7% depending on the cvaporator temperatire for any conling capacity In some applications,
where the clilled water supply temperatuce is not NECESRAYY Lo ba too cald,
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- Namenclature and Appriviations

¥ Specific Enthalpy {laike}
# Mass Flow Rate {kgs)
! Pressurc (kPa}

2 Hcat Energy Rate (kW)
r Temperature (“C )

2 Heat Exchanger Effectivencs
£ LiBr Concentration
Subscripts

1,2.3,....10  State Points on Fig.1
a Absorber

o Condenser

2 Evaporator

Iy (rencrator

r Refrigerant

rof.  Reference

¥ Strong Solution

sat.  Saturated condition

w  Weak Solution

Appriviglions

ARS  Absorption Refrigeration System
COP Coefficient of Ferformance

CR
LiB3r
3- Introduction

Cireulanon Batto

Lithiom Bromide

The waste heal out of industrial opcrating
processes ¢an be converied to a asciul
refrigeration by using & heat opemted
refrigeration system, such as an absorption

refrigeration cycle {1)

Basrah Journal for Engineering Sciences /2009

g5

The early development of an absorplion
cycle dates back to the 1700%s, Tt witb huoown
that ice cenld be produced by an evaperation
of pure water from a vesscl containgd within
an evacuaied container in the presence of
suifuric acid |2 and 3]. The major problems
of this system were corrosian and leakage of
air into the vacuurm vessel. In the 1950°¢, a
system using lithium bromide/water as the
working fluid was introdueed for ind usirial
applications. A few years later, & double-
effect absarption system was introduced and
has been usad 4z an industrial standard for a
high performance heat-operated
refrigeration cycle.

Ametican companies menufactured 100%
of LiBr-Water absorption chillers worldwide
[3]. uwsing the siandard
absarption cycle. In solar applicalions [4]

singie-effect

the LiBr-water system is superior to the
NH,-waler system for several reason,
among these, the LiBr-water sysicm is
simpler in design and operation, and can
operate at low generatot temperaturs ot
higher coefficiznt of performance. The goal
of FREDRIC ct al [5] in his work were to
develop an absorption chiller 50% Lithium
bromide solution in water driven by distric
heating watzr with a temperature dawmn to 70

"¢, The unit has a cooling capacity of more
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jhan 1.15 MW, the COP however is only in
the order of 0.6,

G. Grosman etal[8], Camied out a
performance simulation using a modular
They compare the
performance of a single effect TiBr-waler
ARS with triple effect systems as well &s

compuating  cods.

with the ideal Carnot ¢vcle operating under
the same condition fig.(1}. They shoved that
COP of the single cycle did not cxceed 0.8
(dashed curves), while, for triple eflect cycle
i closes to 127 for series flow (solid
curves} end 1.73 for the paraliei flow (dash-
dot curves).

Boumaza and Mujtsba [7], carried out a
simulation analysis on a LiBr-water ARS
and concluded that the COP is very sensitive
to the gemeralor temperature  for ooy
evaporator temperature and veries lincarly
with Tg before reaching a maximal value
ranging between 0.75 and 0.3 N1g2).

Resalis of fig.(1) and fig(2) will be used tor
comparison with the preseat work.
3-1 Single-effect absorplion system

A gingle-eftect absorption fefrigeration
gystern is the simplest and maost commenly
There arc
confipurations depending on the working

used  design. wo  design
fluids used; Ammonia-Water and Lithium
. Fg2-a) shows
the diagram of single-effect LiBr-water

hroanide-Water  systeins

ahsorption cycle, where LiBr is abzorbent

(non-volatility absorbent), and water is
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refrigerant. This mixiure has been widely

use;  however, it contains some

dissdvamiages.  Sinwe water s uzed a8
refiigerant, it is not possible to provide
refrigeration at sub-zere temperatuies. In
the generator, selution is heated to vaporize
the refrigerant {water}, and separate from the
sclution, the vapor of refrigerant i
sondensed at the condenser delivering heal
to a heat sink (cooling water/air), the
sondense liguid flows through en cxpansion
valve to the evaporator where refrigerant i
evaporated producing  cooling cffect. [t
should be noted from the proporty cherts
{hat tic emire waiet-lithium bromide sysiem
cperates under vagwum. The refrigerant
sapor then poes to the absorber where 15
absorbed by high conceniration sclution
¢oming from the generator and reject heat wo
o heat sink. Finally, the low concentration
selution is pumped through heat exchanger
o the penerator.

A solution heat exchange is introduced as
show in Fig(2-a). The hear exchanger
allows the sulution fiom the sbanrber 10 be
preheated before cntering the penerator by
usitg the heat from the hot solation leaving
the gonerator. This exchanger raises the
cycles depending oo its
cffecliveness aw the heat input at the

efficiensy

generstor ie reduced. Moreover, the size of
the absorber can be reduced as less heat is
rejected [ 7]
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3-2 Crysiallization

The pressure-tempetature-mass fraction
chart for LiBr-Water mixture (Fig2-b),
show lings marked as erystallization in the
Jower fight section. The regiom (o tie right
and helow these
indicates solidification of Lilir salt. In the

crystallization  lines
crysiallization region a two-phase mixture
(slush) of water-lithium bromide solution
and crvstals of pure Lildr exist
equilibrivm.  The  water-lithnun hromide
system should operate away from the
crystallization region as the formation of
solid crystals can block the pipes and valves.
Crystallization can oecur when the hot
solution rich in Lilr salt is coolad (25 within
the process when the hot concentrated
salution leaving the generator al point 4 (see
Fig.{2-a) and Fig{2-b), Nowing toward the
ahsorber and cooled via the heat exchanger
and then passes through an expansion valve
after which the sohation is further cooled due
to cxpansion). To aveid erystallization, the
condenser  preasure  reduction below  a
certain value dus to say, low cooling water
temperature in the condenser should bhe
pvoided [or a given generator temperature,
tence in commercish systems, the condenser
preseure iy artificially miaintained high even
thouph the temperature of the available heat
sink is low. This sctually rteduses the
performanee of the system, but is neceasary
for proper operation of the system [ and 9.
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LiBr-water  abserption
been  analyzed,
designed, and proluty pe-tested, gince af least
the mid-1970s [10], primarily in Japan, the
U8, and Ewope, for solar- and direct-fived
applications. Today, oaly one air-cacled
Lifr chiller is on the market {the Yazaki
ACH-8} [11],

evidence of air-cooled LiBr absorption

Air-conled

chillers/coolers  have

There is relatively little

development efforts specifically targeiing
cooling, heating and power irtegrating
{CHP) applications  in light-commercial
buildings. ™n the CHF
chillerfcoolet efficlency s less fmportant

applicaton,

relative to direct-fired applications. The big
difference between water-cooled and air-
cooled LiBr-water absorption chillers 15 the
temperature ol the absorber. With am-
conled, one cannot achieve a temperature of
the solution in the absorber sufficiently low
enougzh 1o maintain the evaporator pressure.
The only way to compensate for ihe high
abenrber lemperalure is 1o increase the
concentration of LiBr in the solution, but
that brings 11 closer 1o crystallization. 5o, a3
characterized by previous investigators such
as Foley, et al 112] and Kurosaws, ot al [13],
The key bamicr to air cooling of LiBr
chillers in U.8. elimates is crystallizetion of
LiBr in the absorber

4- Stepdly Flow Analysis of Water-
Lithjum Bromide Systems

2009/ Luatigh p bl 5 ponsl A
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Figurz (2-a) shows the schematic of the
systein indicating varipus state points, The
comresprding points are 81s¢ shown on the
Pressure-Temperature-Concentraticn
diagram Fig.(2-k). The sieady fluw analvsis
is carmied out by applying mass and energy
balanee across evaporalor, generator and
heat  exchanger.  with  the following
assumptions:

L. The solution leaving the absorber (poin 1)
i saturated,
2. The strong solution and the water vapar,
lcave the generator are ar (he genetator
temperature Ty,
3. The enthalpy change across the pump is
very small and can be omitted.
4. Perfectly insulated components,
5. No seperheating in the evaporaior, nor
subcooling i the condenser.
&, Isenthalpic expuansions.

7- the pumping capacity obeys the reqirirad

cooling capacity and is a function of the heat

supplied o ke generator.
iy = ity = = m, (1}
My = pg = Hi, = i, @
Ty = My =y =Wy = W, (3)

Defining the ratio of pumping capacity
(weak solution (e, } k2/s) to the liberated

vapor at the penerstor (refrigarant mans flow

rate ( #1,) kg/s) as ¢irculation ratin {C.R)

CR=—= )

4-1 The evaporatar :
The mass flow rate of the refrigerant at the

evaporaior far 2 plven cooling capacily is:

’?.'Ir = gl?
('ﬁlo _h-_a)
where /i;and i, Gike) ars the enthalpies

(5)

of saturated liquid water ot condenser
pressure  and  saturated  water vapor at
EVAPOTaleT pressure ragpectively,

The dominated low pressure ar the

evaporator P, (kPaj is the suturated prezsure

at evaporalor temperature T, ("C ) and it is

the came presiure at the abesrhar P ;

Fo=Fad)=F, ©
Tho cnihalpy of purc water vapor amd

liguic st ditfercot  tompesatures  zod
pressures con be obtained {rom pure water
propetty data. For all practical purposes,
liquid water enthalpy, k., at eony
lemperature T (°C) can be obtzined from
the equation [14 ].

Mo =419(T =T} kifkg 7
Frpor = 2301+ L88(T —1,.)  kVkg (%)
where T, is the reference temporaturs, O c‘C.
42 The goncradoc.

m, =m, +m, (@

LiBr mass balance theough the generator is:

Mﬂ__
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The strong solution concentration and the
wezk solution concentraiion £, are needed,

ard can be caloulated using an equation that
related the solution concentration and
solution temperature at required  waier

vapor temperature as sited in ASHARE[13).

The heat input to the generafor is given by:

‘Q‘.ﬂﬂ_zc-ﬂ(h-q _hl}_(hi -h,)

12
it {12)
The coetficient of performance Of the
refrigeration cycle becomes:
(h, —
COP = o —Hs) (13)

C-R(J'h - h&) - {h4 - h?}

4-3 The solotion heat exchanger:
Heat exchanger effectiveness is defined

as the ratio of the actual hest trarsfer 10 the

maximum possible heat transfer for given
inlet conditions, and as LiBr-water selution
specific heat reduced with increasing LiBr

concentration [16,17}, therefore the hot

§9

concentrated stream (flow line from point 4
w 5), which has lower mass flow rate than
the colder stream, represents the minimum
heat capacity stream, sccordingly the heat
axchanger effectiveness can be written as :

— h 'hs
B hq "’I’:

The heat transfer rate in the solution heat

£ (14)

exchanger is given by;

ms(h4 _hs}z mw(kS _;’J) (15}
Joining equations 10, 14, and 15 the
enthalpy of the week schution entering 1o e
generator hy, (klVkg) can be caleulated as.

Py =h2+5(h4_h2){%;l} (16)

where, the speeific enthalpy of the solution

h, and h, (klkg) sen be  caleulated

according te the solution tempeaturs 1

(°C } and the mass fraction J of the

solution LiBr-water [ 15}
i =hAT,.8.)

h-1 = h.ml' {Tg.gs}

an
{18)

Waersh Journa! for Enginecring Sciences f200% 2009/ Gyl g ylall 5 yocalt Wie



L1-a3 [6]

B

LEx e Rl

FTETE TR R R

T exgrersiure nfthe. pin st {5

(1-b) 7]

Fig.(1y; LiBr-¥aier absorption refrigeration cyele performance

Fig.(2-5 } single-effect LiBr-water ahsorption refrigeration system with

a solution heat exchanger. [10]
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tlmpmm_ 13

Satlm;:i water vapor

Saturation presgurs P}, kP2

| LiBr-Water Solution tamperatura (C) i

0 20 A0 BO

B0 100 120 140

Fig.(l-b} Representation of the LiBr-Water single effect absorption cycle on p-T-§ chart

& Result And Discussion

Four external operaling Icmpeoratules
affect the COP and capacity of an absorption
chiller; these are gencrator,
sheorber end  the  required pvaporator
{ermperatures.

condenser,

if the same cooling fluid i used 0 cool
polly 1he absorber end the condenser, gither
in serics (as common in waler cooled
chilices} or i parallel, this is reduced to
threc different temperafures. In the moat
gommon plot of COP for this kind of
gystems the COP vaiue is plotted agoinst the
generator temperature while the absorber
and the condenser, as well as the evaporator

ternperatire  arc held fixed. Assuming

e=06, for known cooling capacity and
given oporating temporabues, the following
parameters can D¢ sequentially calculated:
h? and /2, from eguation {8) at Tg and Te

respectively, Ay from equation (7) at Te,
g =¢, (TaTe) and £,=¢, {TgTe) from
m, and CR
from equations {3) and (11) respectively,
By = h,(Tad) o By = b (T 55
the correlations given in {13 |, b3 from
{16y, CQgen and COP frow

the correlations given in {13

fiom

cquation
equations (12] and (13) respectively.

Fig? shows the varation of COP witl
generator  tRMperature T, for ome |4

copling capecity at an evaporatin

tempersture T, of 3 % of a single eile
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LiBr-water absorption chiller at different
condensing temperature 7,  maintaining

abscrver temperatute T, constant at 30 °C .

“
It is evident, for any 7., that the €O
increases with  generator  tempersture
because higher Tg helps in liberation mone
ammm: of refrigerant. Comparing the resuft
of fig.(3) {also of the going on fipures.
fig.(B) and fig(77), with the results of [6];
fip.fi-a) and [7] fig(l-b), it is evident that
exhibit the same

with  the

the results typieal,
COP
meronsing  shuply from  Zero at some
then

leveling off to some constant value at a

qualitative  behavior,

minmum  generator  femperatuze
higher Tg and even decreasing shpghtly with
turther increasing in Tg.

In fig.(3). COP continue w0 increase with
Tg up o & peint where &, valuc about (63
far any set of operating conditiens. A furiher

increase of T, the eycle COP tendls to level

rather than continue 1o increasc. That is
because, at higher selution concentsation
more heat 1s required to liberate the same
amount of refrigerant and the ratico of vapor
gengration to the rate of heat input remains
just about the same. Fortunately this help fo
‘keep the cycle away from erystallization
regiop, zlzo one can appoint out the proper
operating generator iemperatures {of any
applied Te, for example, at £ = 0.63 and

. ——
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Te=45 C
which COP=0.77 rathcr than meximuam

the proper Tg is 98 °C o

generatot temperature of 103 "C which
have the same value of COP. Alsw it is
gpparent that COP  decrcases with the
condeusing temperature  because of the
higher pressure which comespond to the
condensing temperature. Appointing  the
minimum value of Tg in Fig(3)} s clearly
vigible, below which no evaporation takes
place and so no cooling capacity can be
produced for cach Tc.. thereforc COF is
vanished for example at Tc=45 ‘C with

£ =0.537, no evaporation ococurs helow

78°C generator lemperature,

in fig.4y, It can be seen thay, at conslant
Ta and Te (constant £,)% the highcr
condensing  temperature requires  hipher
maximum generator temperaturs to maintain
the same rate of evaporation, 5, TEmaihs
constant { £, ={1.63) (dashed-curves). In this
cage, so far Tg is increasing, COP stll
reducing because of the awful effect of
increasing Te, ¢lse the mess fraction ¢,
must be decrease as Te imcreases (solid
curves), this corssquent, canses again =
considarable drop of COP up 10 the end
poind where AL =0, then the temperature in
the generator would becomc lower than the

saturation ternperature of the strong salution

2005/ Tmigll psldl 3 pronil ilee



and if this bappens no reftigerant can be
distilled.

To insure the cvcle operation away from
crystallization region, there s also &
maximumn gencrator temparature that can be
appointed in (Fig. 3 for each condensing
tomperature., for example af condensing
temmperature 45 'C, the maximum
generalor temperature should be not exceeds
103, *C . It seams for all the sets of
operating conditions, there is no need to
incressa £ more than 0.63 after which

there will be no significant increase n COF.

At the low pressure side of the cycle
and constant Tp and Te (constant Eh e
higher absorber temperaturs (Fig.3) requires
a higher cvaporation temperature t0
malptain the same rste of evaporstion,

& remains constint (&,=0.537) (dashed
curves,), keeping relatively good operating
performance (COT), (however at higher Te,
ahave 15 'C , there will be a iimited
practical application af such system), clse
the mass fraction of LiBr in the absarher
(&£,) inoresses w8 T increases  (solid
curves), this conseguent resulting in rapid
decrease of COP which characterize the bad
cffect of increasing Ta on the Syslem
performance, thar 18 because the

consoquence inerease in Ta will inerease g,

93

up 1o the end point whare AJ = ¢ and no
refrigerant can be distilled.

As in common water cocled absorption
chillers, the same cooling fluid is uzed {0
conl hoth the absorbor and the condenser in
that's conling
temnperalye  meodiam  are used. Fip(6)

series, means  Samé
represents the present eycle analysis with
unique temperature for boih the condenser
and abaorber, applying the air a8 the cooling
medium, at Te=10 °C  {sssurung air
temperature 5 degrecs above the condenzer-
ahsorber tomperatwre}, It can be seen that at
higher condensct-absorbet temperature there
will be a nced for higher generaiar
termnpersiwe to star producing cooling with
lower coefficiert of performance, and any
reduction in evaporator femperature wiH
bring the cycle to a further reduction in
COP, Fig.(7} shows that a reducing in Te
causes a drasticully drop in COP and it is
evident that at higher temperature climate,
gven producing cooling is not visible below
5 0C wore Te=Ta=50 *C ut COP equal
o 0.67 and 079 at Te=9 °C and 20
* respectively, Cooling can not be
produced below Te=3. °C at Te=Ta=55
O put COP equal to 0.43 and 0.76 at
Te=10 %C and 20 *C respectively.

The mass fraction in the generator £, and

in the absorber £, can be decreascd and

M
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increased only until thev are equal {at which
gtate  the
Af=F -£ =0) This means that for

syslem  stops  working,
eveory combination of condenser-absorber-
evaporuter temperaiures there is a minimum
value for the generalor temperature (and for
every combination of generatar-condenser-

evaparator temperatures there is a maximun

absorber temperstere, In some applicaions,
where the chilled water supply temperaturs
is not necessary ic be teo cokd, the concept
of air cvoled absorption chiller 15 [easible
for any coaling copacity such that as shown
ir. Fig.8, the cooling capacity is a function of

heat supplied to the generator in connection
with  the

pumping  rate  of solofion.

066

COF

0.86
oos |
1 osa3 )
| os2z
Loss &
| os |
L 066

B30

4 057 ;
| nae
{ o3 |

| &3 0 g0

|Fig. 3: COP variation with generator temperature (Tuo)

. D54 i
00 100 110

Tgo {C)

at different Te, (Te=3 G, Ta=30GC, Qe=1 kW)

. ___________
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‘Flg. §: COP variatlon with ganerator temperature {Tgo) at
differant equal Te & Ta groups (Te=10 €, Qe=1 kW) |
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i G 5 10 13 23 25 |
' Te {C) i
|Fig.'.r: COP varation with evaporator temperature (Te) at differcnt

aqual Te & Ta groups { Oe=1 kW)
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B —_———
= =
25 - _
I
E 20 - '
= 15 | —e—Te=Ta=s0C,
3 ! Te=10 C, cop=07 °
——Te=Ta=585 C,
10 A Te=14 C, cop=083
—&—To=Ta=30 C, Te=6
5 . C, cop=0.47
- ——=Tg=Ta<55 G,
0. Te=10 . cop=0.43
] 20 40 60 50
Qg (kW)

iFig.B: Cooling capacity Qe} vr. heat of the ganarator { Qg )
L—. - - —- [ . - e e -

5= Conelugions

According o the discussed result it can
be concluded ihat for producing cooling
by an ai1 cooled single effect LiBr-water
absorption refrigerator:
1= The main patamcters affecting the cycle
perfoomance  &re the  temperature  at
gengrator, condenser, absorber and at the
eveporator.
2. A Mhpher condensing temperature
requites a higher ganerator femperature

3- There is no need to increase ¢, mors

thann  0.63 after which there will be ne

significant inerease in COP for amy set of
aperating conditions.

4- A hipher absorber temperature requires
a hirher evaporation temperanrs

5- For cvery combination of condenser-
absorber-cvaporator temperaturss there is
a mivimun  valug for the pgeserator
temperature, and for every combination of
genetator-condenser-evaparator
temperatures there is 3 mexinmun absorber
temperature.

6- The concept of air cooled absorption
chiller iz feasible for any cooiing capacity
with coefficient of performancs of 043
to 0.6% for a temperature range from 10

... — .. ——  —— —  —  —— — ____}
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"Ci 14 " when the condenser

temperature iz 55 °C C
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