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PERFORMANCE ANALYSIS OF STAGED
ABSORPTION HEAT PUMPS:
WATER-LITHIUM BROMIDE SYSTEMS

K. Gommed

ABSTRACT

Absorption heat pump studies conducted in recent
years have made increasing use of different simulation
techniques for predicting performance of advanced cy-
cles, In complex, multi-stage systems, the calculations
ara quite lengthy, and in the published literaturs, a cycle
performance is often characterized by no more than a
single paint. This study has employed a modular com-
puter code designed to simulate absorption systems in
a flexible form, making it possible to predict their per-
formance In varying cycle configurations with different
working fluids. The code has been employed to investi-
gate the performance of various systems using the
water-lithium bromide fluid pair. Cornplete performance
maps under varying operaling conditions have been
generated for systems in single-stage and several
double-stage configurations. The performance has
been compared over the entire temperalure domain
applicable to the cycle. The thermodynamic potential of
water-LiBr has been studied and compared to that of
other absorption fluid pairs.

INTRODUCTION

Absorption heat pump studies conducted in recent
years have made increasing use of different simulation
techniques for predicting performance (Viiet et al. 1982;
Grossman and Childs 1883; McLinden and Klein 1985;
Perez-Blanco and Patterson 1986). The need for reliable
simulation has become apparent with the new develop-
ments in advanced cycles and working fluid combina-
tions during the past decade, Most of the simulation
programs described in the literature have been system-
specific, that is, written to simulate one particular system
with & particular flow arrangement and working fluid, Their
structure did not allow easy modification 1o model other
systems on the same basis. In complex, multi-stage
systems, the calculations can be quite lengthy; it is,
therefore, not surprising that only a few comparative
studies of advanced cycles have been carried out (Bier-
mann 1984, Phillips 1884). In the published fterature
describing those studies, a cycle performance is often
characterized by no more than a single point.

In order 1o facilitate the investigation and compari-
son aof absorption systems |n various cycle configura-
tions, a computer code has been developed (Grossman
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and Michelson 1985; Grossman et al. 1987) employing a
flexible and modular simufation technique. The code Is
based on unit subroutines containing the governing
equations for tha system's components. Those are linked
together by a main program according to the user's
specifications to form the complete system. The equa-
tions are solved simultaneously, and fluid properties are
taken from a property data base. The computer code has
been described in detail in Grossman and Michelson
(1885) and Grossman et al (1987). A briel review of its
main features is given in the following section.

Under the present study, the modular simulation
code was used to investigate the performance of various
systems employing the water-lithium bromide fiuid pair.
The approach has been to generale complete perform-
ance maps under varying operating conditions. Thus, the
performance of systems in single-stage and several
double-stage configurations could be compared not only
al a single point but over the entire lemperature domain
applicable to the cycle. The resulls of these comparisons
are discussed below. Another goal of the study was lo
evaluate the thermodynamic potential of water-lithiurm
bromide as a working fluid for absorption systems in
comparison with other absorption fluid pairs.

THE COMPUTER SIMULATION CODE

The objective of developing a flexible simulation
code has led to the modular program structure, enabling
the user to specify different cycle configurations, different
working fluids, and, of course, different unit sizes and
operating conditions. Recognizing that each absarption
system consists of a number of standard components
(e.q., absorber, evaporator, desorber, condenser, elc.),
the following logic was developed for the program: Each
basic compeonent is simulated by a unit subroutine pro-
viding a mathematical expression of the physics of that
componant, Such a unit subroutine contains all the physi-
cal equations required to fully describe the unit's be-
havior, such as energy balance, conservation of mass far
each material species, heat and mass transfer and thar-
modynamic equilibrium. The unit subroutine, when in-
voked, calls upon a property data base lor the thermody-
namic properties of the working fluids, This separation
between the unit subroutines and property subroutines
provides the flexibility for each unit o operate with differ-
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ent working fluids. The main program calls the unit sub-
routines and links them together in a form corresponding
to the user's specification of the system about to be
simulated. Each call to a unit subroutine is equivalent to
collecting all the equations associated with it, without
attempting to solve them as yet. When the calls to all the
unit subroutines have been completed and all the equa-
tions have been established, a mathematical solver
routine is employed to solve the set of nonlinear equa-
tions simultaneously.

The recent version of the code, used in the present
study, has been described in detail in Grossman et al.
(1987). A brief description of the program structure and
operation is given here. The code comprises four princi-
pal modules: a main program, a unit subroutine package,
a property dala base, and a solver package. The central
module is the main program, which receives the user
input, invokes the unit subroutines, activates the solver
package, and produces the oulput. Properties of the
working fluids, as required in the various equations, are
retrieved by the unit subroutines from the property data
base,

In preparing the input, the user must first a
flowsheet of the cycle, indicating all the units and all the
state points. He then conveys to the code an “image” of
the cycle to be simulated: the number and types of units
contained in it, their interconnections and size or transfer
characteristics, where applicable. The input must also
contain the values of the parameters set fixed by the user,
e.g., temperatures, flow rates, elc,, at specific state
points. The main program interprets the user input and
creates a variable vector containing all the independent
unknown quantities. It then calls the unit subroutines,
thereby establishing the system's governing equations.
All the equations and variables are normalized, 1o be on
the same order of magnitude, The solver package is then
activated, and the values of the unknowns calculated 1o
a user-specified accuracy. Recognizing that the set of
nonlinear equations may have more than one mathemati-
cal solution, a set of constraints is applied to direct the
solver toward the physically valid solution. The output
contains the temperature, enthalpy, flow rate, concentra-
tion, pressure, and vapor fraction at each of the cycle's
state points, as well as the heat duty and transfer charac-
teristics of each unit.

The code has been used successfully to simulate a
variety of single-stage, double-stage, and dual-loop ab-
sorption systems operating in a heat pump or in a heat
transformer mode, with the working fluids water-lithium
bromide, ammonia-water, ammonia-water-lithium
bromide, water-lithium chioride, methanol-lithium
bromide-zinc bromide, and more. The model has been
validated against experimental data (Grossman and Mi-
chelson 1985) and was found to be a very useful tool for
evaluating new cycles and working fluids, investigating a
system’s behavior in off-design conditions, analyzing ex-
perimental data, and performing preliminary design op-
timization.

In the present study, the code was used to investi-
gate the performance of several systems employing the
water-lithium bromide fluid pair. Water-lithium bromide is
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known as an effective absorption working fluid, due to
favorable characteristics such as a large negative devia-
tion from Raoult's law, a high latent heat refrigerant, and
a nonvolatile absorbent, It is one of the few fluids actually
employed in commercial applications and a great deal of
practical experience has been gained in its use. While
most of the current applications are based on the single-
stage cycie, the last few years have seen increasing
interest in the higher-COP double-effect systems, where
several cycle configurations are possible. A systematic
simulation and optimization study Is in order,

SINGLE-STAGE SYSTEMS

Single-stage systems were analyzed first, as a basis
for later comparison with more complex ones. The water-
fithium bromide single-stage cycle has been studied ex-
tensively by equipment manufacturers: several studies
have been published in the open literature, particularly on
solar-powered systems (Wilbur and Mancini 1976: Gross-
man et al. 1979). The cycle's response to changes in
operating temperatures is well known. Less well recog-
nized are the effects of variations in internal flow rates and
heat transfer area. Some of the single-stage cycle infor-
mation generated by the present study may seem repeti-
tious; however, it was thought best to conduct the simu-
lation in a systematic manner in order to compare the
results later with those of more elaborate systems on the
same basis,

Figure 1 describes schematically a single-stage
absorption chiller designed to operate with a nonvolatile
absorbent such as water-lithium bromide.* The system
has six sub-units (indicated by the circled numbers) and
twenty stale points (indicated by the uncircled numbers),
Its performance under a given set of operating conditions
depends, of course, on the design characteristics and
particularly on the size of the heat transfer surfaces in its
exchange units—the evaporator, absorber, condenser,
and desorber. As a reference case for the simulation, a
practical system was considered with economically rea-
sonable, if not optimized, heat transfer areas, We
selected a solar-powered lithium bromide-water chiller
(Biermann 1978) that has been tested extensively. The
main characteristics of this machine are listed in Table 1,
including the externaily imposed flow rates of hot, cooling,
and chilled water; the absorbent circulation rate: the UAs
{overall heat transfer coefficient times area), which char-
acterize the heat transfer performance of the exchange
units; and design point temperatures of the external
fluids. With these values as input, the simulation code
calculates the internal temperatures, flow rates, concen-
trations, and other operating parameters at all the sys-
tem's state points, from which overall pedformance para-
meters can be derived. Calculated performance
parameters are also given in Table 1 and are consistent
with measured values (Biermann 1978).

The set of operating parameters in Table 1 has been
selected as the design point. In conclucting the simulation

*It I8 assurmed that the reader ks fam@ar with the operation of absorpian
systems. The single-stage cycle & described in datadl in Mclinden and
Klgary (1685}, Biesmann [1884), Wilbur and Mancini (1978), and Gross-
man e al, (1979}
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Figure 1 Schematic of single-stage absorption
chiller. Solid lines describe solution flow; broken
lines describa refrigerant flow.

to generale the operating map for the system, one para-
meter was varied at the time while all others were kept
constant. It was assumed that the values of UA for the
exchange units remain constant while the temperatures
and other parameters change. This is not strictly accu-
rate; although the heat transfer areas [A) remain constant,
the heat transfer coefficients (L) vary somewhat with the
temperatures as well as with the loading conditions.
However, this variation is relatively weak in most cases
and the assumption of constant UA Is a reasonably good
approximation. Better fundamental understanding of the
heat and mass transfer process in absorption and de-
sorption would allow for taking the variation of UA with
temperature into consideration.

Figure 2 describes the variation of COP and capac-
ity of the system, with the temperature of the hot water
input to the desorber, for several values of the cooling
water inlet temperature. The chilled water outlet tempera-
ture is fixed at 45°F; all the flow rates and UAs are fixed
attheir design values, The capacity Is presented in dimen-
sionless form, normalized with regpect lo the design point
value (41.8 kKW). The design point is indicated in the
diagram by a black dot. The Carnot COP corresponding
to each set of temperature values is given by (Grossman
1981):

Te(TH=To) (1)

TH{Tc=T0)

where Ty, Te, and Ty are the temperatures of the hot,
cooling, and chilled water, respactively.

Carmnot COP =

TABLE1
Characteristic Parameters at Design Polnt for Single-
Stage LiBr-Hz0 Absorption Chiller

Haat Transier Characteristics (L&)

Absorber; 183.0 Biu/min - *F
Desorber: 268.0 Btumin - *F
Condenser: 565.0 Btu/min - *F
Evaporator: 377.0 Btulmin « "F
Recuperative Heal Exchanger; 64.0 Biwimin - *F
Mass Flow rate

Absorbar (cooling water) 483.0 Iba/min
Dasorber (hot water) 416.0 ba/mir
Condenser (cooling water) 391.0 lbafmin
Evaporator (chilled water) 300.0 os/min
Weak Solution B0.0 lbsimin
Temparatures

Hot water inlet (state point 8); 180°F
Cooling wates kst {s.p. 4 and 13): BS"F
Chillst water outlet (s.p. 2): 45°F
Cabculaled Purameters:

Cooling capacity: 418 kW
Coelficient ol performance (COF): 0.7148

It is evident from Figure 2 that the COP increases
with the hot water lemperature and decreases with the
cooling water temperature, as may be expected from the
increase in the Camot COP under the same temperature
variations. However, the absorption system COP is al-
ways below that of Carnot and does not exactly follow the
Carnot trend. As TH increases, the absorption COP tends
to level off, rather than continue to increase, and with a
further increase in Ty, even drops somewhat. Also, for

Figure 2 Coefficient of performance (COP, solid lines) and
normalized cooling capacity (QE, broken lines) for
single-stage system as functions of the desorber
hot water Inlet temperature (Ty) for different values
of absorber and condenser cooling water infet
temperature (Tc). All other parameters are fixed at
the dasign value (Tabla 1).



each value of the cooling water temperature, there is a
minimum value of Ty where the COP vanishes and below
which the absorption system does riot perform at all. The
irreversibilities in an absorption systemn that make its CopP
lower than Carmnot are due to three main factors: imperfect
heal and mass transfer in the system’s units, mixing
losses, and circulation losses. Mixing losses are as-
sociated with the evaporation of the refrigerant in the
desorber from a concentrated solution, which requires a
greater amount of heat than that required to evaporate jt
in a pure state. Also, the refrigerant vapor leaves the
desorber superheated, as the termperature raquired for
desorption is higher than the evaporation temperature of
the pure refrigerant under the same pressure. The super-
heat energy spent in the generator constitules a ther-
modynamic loss; it leads to extra cooling requirement in
the condenser, The mixing losses increase with the ab-
sorbent concentration. Circulation losses are associated
with the imperfect heat transfer in the recuperative heat
exchanger, which requires preheating of the solution
stream entering the desorber and precooling of the one
entering the absorber. The energy associated with this is,
again, a thermodynamic loss. Circulation losses increase
with the solution flow rate.

When operating the absorption system at a low hot
water temperature, circulation losses dominate. It is Bagy
lo see from an equilibrium diagram of the working fluid
palr that the low (weak) solution concentration is deter-
mined by T and Tc whereas the high (strong) concentra-
tion is determined by Ty and Tc. At low TH, the two
concentrations are close to each other and the amount
of refrigerant circulating in the system, which is propor-
tional to the difference in concentrations. |s very low,
Thus, the system does little useful cooling; in the limit
when the two concentrations approach each other, the
COP and the capacity both vanish. This determines the
minimum operating temperature. As the hot water
lemperature increases, so does the difference in concen-
trations, the amount of refrigerant, and hence the capac-
ity. The relative importance of circulation losses
diminishes. When operating at full design capacity, most
of the heat supplied to the desorber goes o vaporize the
refrigerant. Since this heat is fairly insensitive to the de-
sorber temperature and is propaortional to the amount of
refrigerant evaporated, the ratio of evaporator to desorber
heal tends to be constant. This explains the “leveling off"
of the COP. Further increase in TH will lead to greater
mixing losses and a decline in COP.

Additional simulation runs have shown a qualita-
tively similar behavior of the COP and capacity when
keeping the cooling water temperature constant and
changing the chilled water temperature. The higher the
TL. the higher the COP.

Figure 3 describes the COP and capacity as fune-
tions of the weak solution flow rate (state points 6 and 7)
for different flow rates of the chilled water in the evaporator
(state points 1 and 2). Both flow rates are presented in
dimensionless form, normalized with respect to their de-
sign values (60.0 and 300.0 Ibs/min, respectively). In-
creasing the chilled water flow rate while keeping all other
parameters constant lowers the evaporator lemperature,

1583

Figure 3 mﬁﬂgﬂﬂﬂﬁmnf‘ of performance ity (COP) and normalized
capacity single-stage system as
functions of the normalized .
water (FEVAP)

flow rates of chilled
and weak solution (FSOL), All
other parameters are fixed at the design value
(Tabia 7).

which lowers the capacity and COP, as explained earlier
regarding T.. The dependence is, however, relatively
weak, as can be seen from Figure 3. Reducing the
solution flow rate, with other parameters constant, re-
duces the amount of refrigerant circulating through the
System and hence the capacity. Increasing the solution
flow rate, therefore, leads to an increase in capacity up to
a certain point; beyond that, the associated increase in
circulation losses, manifested in the steady decline of the

COP, causes a reduction In capacity as well,
Figure 4 describes the COP and capacity as func-
tions of the normalized solution flow rate, for the entire
spectrum of UA values for the recuperative heat ex-

FSOL

Figure 4 Coefficient of parformance (COP) and normalized
cooling capacity (QE) for single-stage system as
functions of the normalized flow rate of the weak
solution (FSOL) for different values of the normal-
ized UA of the recuperative heat exchanger. Al
other parameters are fixed at the dasign value
(Table 1).



changer. The LA is normalized with respect to its design
value (64.0 Btu/min - °F) and varies from zero to infinity.
It is evident that increasing the recuperation effectiveness
leads to reduced circulation losses and an increase In
both COP and capacity. Additional simulation runs have
shown COP and capacity improvements due to an in-
crease in LA of other units; however, only the recuperative
heat exchanger has a direct effect on circulation losses.
Increasing the heat transfer areas in all of the sys-
tem's units to infinity, while economically impractical,
makes it possible to investigate the thermodynamic
potential of the working fluid pair. The flow rates no longer
matter, since with infinite UAs the temperatures at all the
internal state paoints equal those of the external inputs,
and circulation losses are reduced to zero. All the ime-
versibilities in the system are associated with mixing,
Figure 5 describes this condition of perfect heat transfer,
showing the COP of the absorption system and the
corresponding Camot COP as functions of the operating
temperatures. Here, as before, there exists a2 minimum
hot water temperature below which the system does niot
work. Slightly above this minimum, the system's COP
approaches that of Camot, Further increase in the
lemperature leads to a decrease in COP, due to increas-
ing mixing losses. A comparison of Figures 5 and 2 shows
that under the design temperatures, the water-lithium
bromide fluid pair can theoretically yield a COP of about
0.85, which is quite close to the Carnot limit; in a practical
machine, however, the COP is typically only about 0.7.
In order to compare the performance of water-
fithium bromide with other absorption fluids of a similar
type, another working pair with a nonvolatile absorbent,
methanol-zinc bromide-lithium bromide, was selected.
This material has been used Iin experimental absorption
systems, and its properties are included in the simulation
code data base (Grossman et al, 1987). A comparison
with the more common ammonia-water would be unfair
to the latter, since it contains a volatile absorbent that

TL=45"F

7s 83 ?.:
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Figure § Coefficiant of performance (COF) for single-stage
system LiBr-Ha0 with perfect heat transfer in alf
units and corresponding Carmot COP, as functions
of hot waler temperalure; (a) Different chilled water
tampearatures with cooling waler fixed at design
value; (b) Different cooling water temperatures
with chilled water fixed at design value.
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requires a different system design. Ammonia-water has
many advantages as a working fluid for absorption Bys-
tems but under the same operating temperatures has a
COP consistently lower than lithium bromide-water, due
in part to rectification losses. To make the comparison, a
system with CHaOH-ZnBrz-LiBr was simulated, assumi
the design characteristics of the Hz0-LiBr chiller as in
Table 1. Figure 6 describes the COP of this system as a
function of the hot water inlet temperature, for different
cooling water temperatures, with the chilled water outlet
temperature fixed at the design value. The COP is com-
pared to that of the HzO-LiBr system from Figure 2. The
pair, methanol-zinc bromide-lithium bromide, shows the
same qualitative behavior as water-lithium bromide;
quantitatively, it gives an inferior COP over the tempera-
ture range desirable for operation, including a

drop with Ty beyond the maximum value, which indicates
greater mixing losses associated with CH3OH-ZnBra-
LiBr. For the low range of values of TH, where the COP
with both materials is low, CHaOH-ZnBrz-LiBr gives a
slightly better COP than H20-LiBr, which indicates lower
circulation losses.

DOUBLE-STAGE SYSTEMS

With the growing interest in advanced absorption
cycles during the past few years, various metheds have
been proposed for staged operation (Biermann 1584
Phillips 1984). The most common double-stage systems
are based on the so-called double-effect cycle. The pri-

mary purpose of using those systems is to obtain higher
COP values than possible with a single-stage system,

Coefficient of performance (COF) for single-stage
2nBra-LiBr-CHIOH system (solid lines) compared
to that of LiBr-HzO system (dashed m m;
tions of operating temperatures, Bo

assumed fo have the design LIAs and flow rates of
the SAM15 chiller (Figure 1).



when a high-temperature heat source is avallable. Aswas
shown earlier, a single-stage system is not suited to utilize
aheat source at a temperature higher than a certain paoint;
unlike other heat-activated heat pumps that follow the
Carnot trend, the absorption COP levels off with the
increase in desorber temperature due to increased
mixing losses. The principle of double-effect systems is
to utilize the heat rejected from the condenser o power
an additional desorber, thereby approximately doubling
the amount of refrigerant extracted out of solution with no
exira heat spent. A double-effect system thus contains
two desorbers and two condensers, Serving one evapo-
rator/absorber combination. The high temperature con-
denser is coupled with the low-temperature desorber.

Three methods of connecting the units are possible
with double-effect systems, as shown schematically in
the following figures (Biermann 1984): (1) A series flow
arrangement, with the entire amount of solution flowing
from the absorber to the low-temperature desorber, from
there to the high-temperature desorber and back o the
absorber (Figure 7); this system will be referred to as
Series Flow Type L. (2) A series flow arrangement where
the entire amount of solution from the absorber flows first
to the high-temperature desorber, then to the low-
temperature desorber and back to the absorber {Figure
8); this system will be referred to as Series Flow Type Il,
(3) A parallel flow arrangement where the solution leaving
the absorber is split between the two desorbers (Figure
Q}.Thamrmab&enadebataamngabwpﬂnnm
fessionals as to which system is preferable. One purpose
of the present simulation has been to resolve this gues-
tion,

Earlier work on double-effect systems was con-
ducted by several investigators. Viiet et al, (1882) carried
out a thorough investigation of a series flow double-effect
Ha0-LiBr chiller for solar application. Using a system-
specific simulation code, they calculated the perform-
ance under varying temperatures, flow rates, and other
relevant parameters. No comparison was altempted,
however, with systems based on the other flow arrange-
ments. A similar study, relatively limited in the number and
range of parameters, was conducted by Chinnappa and
Martin (1876) for a series flow ammonia-water chiller, A
comparison of the three flow-type systems was done by
Biermann (1984) but only at some reference design
points. Fallek (1986) described and explained in a quali-
tative fashion the advantages of the parallel flow over the
series flow systems. A quantitative comparison and op-
timization seems in order and may be conducted using
the modular simulation code.

A reference case for the double-effect systems
simulation was created by adding to the single-stage
system (Figure 1 and Table 1) another desorber, con-
denser, and heat exchanger with the same UA values as
in the original machine. The design hot water temperature
was raised to 260°F. All other parameters remained the
same as in the single-stage case. The design charac-
tenistics of the double-effect systems, cperating with
Hz0-LiBr, are summarized in Table 2. For the sake of a
falr comparison, the same design values were employed
n simulating each of the three flow-type systems.
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Figure 7 Schematic description of double-effect-absorption
chiller, Series Flow Type |. Solid lines describe
WWMWMMMW

Figure 10 describes the COP of the double-affect
Series Flow Type | system (Figure 7) in comparison with
that of the single-stage system (Figure 1) for parametric
values per Tables 2 and 1, respectively, The COP is
presented as a function of the hot water inlet temperature,
for different cooling water inlet temperatures. The design
point for each system is indicated by a black dot. The
COP of the ideal Carnot cycle operating under the same
conditions is included for comparisan, It is evident that
both systems exhibit the same qualitative behavior: the
double-effect systern has a higher COP but requires a
higher minimum hot water temperature to begin operat-
ing. Both systems' COP s closest to Carnot in the “knee”
of the curve and levels off as the hat water temperalure
increases. The single-stage system gives best results in
the temperature range 150-220°F. Above that, from the
COP viewpoint, it is worth while to switch to the double-
effect system.

The cooling capacity of the double-effect systems
follows the same trend as that of the single-stage one
(Figure 2), increasing almost linearly with desorber
temperature. Calculated values of capacity for the three
flow-type systems at the design point are given in Table
2. The capacity curves of all three double-effect systems
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Figure 8 Schematic description of double-effect absarption
chiller, Sevies Flow Type Il. Solid lines describe
g:.mbn flow; broken lines describe refrigerant

are quite close 1o each other over the entire operating
temperature range.

Figure 11 compares the COP of the three flow-type
systems as influenced by the hot and cooling water
temperatures. The chilled water outlet temperature and
all other parameters are fixed at the design value. The
difference between the two series type systems is small:
aconsiderably improved COP (about 12% higher) Is seen
with the parallel flow system. The main reason for this is
that in the series flow systems, the entire amount of
solution passes through both desorbers, whereas in the
parallel flow system, each desorber receives only the
amount of solution it must regenerate. This reduces circu-
lation losses considerably.

The behavior response of the double-effect sys-
tems to changes in flow rates and UAs of the components
is qualitatively similar to that of the single-stage systern,
but values differ. Normalizing the capacity, flow rates, and
UAs with respect to their design values, as in Figures 3
and 4, yields capacity curves quite close to those of
Figures 3 and 4.

In the simulation of the parallel flow type, double-at-
fect systemn, under the design condition, we assumed the
solution to be distributed at equal flow rates to both
desorbers. An equal distribution of solution is not neces-
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Figure 8 Schematic description of double-effect absorplion
chiller, Parallel Flow. Solid lines describe solutic
flow; broken lines describe refrigerant flow.

sarily oplimal. Figure 12 shows the COP and normali
capacity of the parallel flow system as functions of

solution distribution fraction (FSF) defined as the fractio
of the total solution flow rate going through the
lemperature desorber. The two extreme cases o
when either the high- or the low-temperature desorbe
does not receive any flow (FSF = 0 and FSF =|1,
respeclively). As evident from Figure 12, under these
cases both the COP and capacity tend to zero.

optimum value of FSF for maximum capacity under fhe
present values of design parameters is approximatply
0.5; however, as can be seen, the capacity curve is
flat and insensitive to the distribution fraction for most
the FSF range. The optimum value of FSF for maxim
COP is approximately 0.25, indicating best results whe
most of the solution is distributed to the low-temperatyre
desorber, where mixing losses are lower, It appears tha
under the present design, operating with FSF around 0.3
would yield a close to optimum COP without sacrificipg

capacity.

CONCLUSION

The modular computer simulation code has begn
empioyed to simulate the performance of single-stape
and three different double-stage configurations of 4
sorption systems using water-lithium bromide. Of the
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latter, the parallel flow configuration yields better results
than the two series flow systems.
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Figure 12 Coefficient of performance and normalized
capacily of double-effect, parallel flow type sys-
tem as functions of the sohtion distribution frac-

ticn between the high and low temperature
desorbers.
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TABLE 2
Characteristic Parameters at Design Point for Double-

Effect HzO-LiBr Absorption Chillers

Heat Transfer Characleristics (Li4):
Absorber; 163.0 Btu/min - 'F
High-Termnpafature Desorber: 268.0 Btu/min - *F
Low-Ternperatura Desarber: 2680 Biwimin - *F
High-Tempeature Condensar: 5650 Btwmin - °F
Low-Temperature Condansar: 565.0 Btwimin - F
Evaparator: 377.0 Btuimin - *F
High-Temperalure Heat Exchanger: 64.0 Btu/min - °F
Low-Temperature Heal Exchangar: 84.0 Bluymin - *F
Mass Flow rate:
Absorber (cooling waler) 4B3.0 lbs/min
High-Tamperatura Desarbar [hot water) 416.0 Ba/min
Low-Temperature Desorber (intermal tranaler loop)
High-Temperature Condenser (internal transfer loop)
Low-Temperature Condenser (cooling water) 3910 os/min
Evaporalor (chilled water) 300.0 Bs/min
Waak Solution (lotal, from absorber) 60.0 tba/min

(in Paraliel Flow system - 30.0 fbe/min to each desorber)
Temparatures:
Haot water inlal (state point 15); 2680°'F
Coaling water inlet (state points 3 and 23): B5°F
Chilled water outlet (state point 29): 45'F

Sarles Flow Sarles Flow Parallel

Caloulaled Parameters: Typal Typa ll Flow
Codling Capacity (kW): 41.0 420 420
Cowificiant of Parformance: 1.046 1.054 1.285
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