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ABSTRACT

There are & number of known absorption cycles
capable of “triple-effect” refrigeration. Among the basic
triple-effect cycles only one particular cycle is able to use
ammonia-water (NH,/H,0) as the absorption fiuid pair.
This cycle uses two condensers and two absorbers fo
achieve the “triple effect.” This paper presents several
basic triple-effect cycles superimposed on NH/H,0
pressure-temperature-concentration equilibrium
diagrarns (PTX) showing that only one particular cycle can
use NH,/H,0. Calculations are presented showing the
relative parformance of a conventional double-effect cy-
cle using NH,/H,0 and the performance of this tripie-
effect cycle using NH,/H,O on a comparable basis. The
triple-effect cycle is predicted to have 18% higher cooling
efficiency (COP = 1.41 compared fo COP = 1.2 for a
double-effect), lower pressure (701 psi instead of 1000
psi), significantly reduced pumping power (less than one
half that of the double-effact cycile), and potentially lower
construction cost (33% less folal heat exchange nesded).
Practical implications for this triple-effect cycle are
discussed.

INTRODUCTION

All current gas-fired absarption air conditioners are
based on well-known single-effect or double-effect cycles.
Because these products are relatively "mature,” the exist-
ing single- and double-effect products are already (for all
practical purposes) cost-performance “optimized.” While
there is room for additional efficiency gains for single- and
double-sffect products, the potential performance im-
provements are incremental improvements that will likely
not make a maijor ditterence in efficiency or in market share
compared to electric equipment.

As an example, companies now engaged in manufac-
turing and sales of absorption equipment are conducting
major programs to improve double-effect producits.
Published information from certain manulacturers
(Kurosawa 1988) shows ambitious goals of coefficient of
performance (COP) = 1.2 for small- and medium-sized
machines and COP = 1.3 for large sizes (compared to
COP = 1010107 as currantly produced). If these goals for

improved double-effect equipment are met successfully,
the resulting preducts likely will be pushing the practical
limits for double-effect equipment (Wilkinson 1987).

One approach to further improving the relatively ineffi-
cient cooling performance of even the best double-affect
absorption equipment is to develop completely different,
more complex absorption cycles with significantly higher
theoretical efficiency potentials In cooling (DeVault
1988a,b).

The double-effect cycle represents a significant step
performance improvement over the basic single-effect
cycle (COP = 1.2 for double-sifect cycle compared to COP
= 0.77 for the equivalent single-effect cycle). There are a
vanaty of “triple-effect” cycles that could produce compar-
able significant step improvements in cooling sfficiency
compared lo the equivalent double-effect cycles.
Theoretically, a triple-effect cycle could be 50% better than
a double-effect eycle in cooling performance.

Along with the potential significant performance
improvements, increased technical challenges (nsks?) are
involved if a practical triple-effect oycle is to be developed.
These technical challenges relate principally to the use of
particular absorption fluids.

Almost all current absorption equipment is based on
the use of either ammonia or water as the refrigerant. With
some exceptions, ammaonia refrigerant systems (such as
ammonia with water as the absorbent) traditionally have
been used in small residential equipment, and water
refrigarant systems (such as water with lithium bromide as
the absorbent) have been used in large commercial equip-
ment. Each absorption fluid system has well-known limita-
tions that affect its potential use in a variety of theoretical
triple-effect cycles. This paper focuses on triple-effect
cycles suitable for ammonia/water (NH,/H,O) absorption
fluids, and the constraints on the applicability of NH,/H,0
for triple-effect cycles.

EVALUATION OF BASIC CYCLES

Every absorption cycle consists of certain basic com-
ponents (ASHRAE 1985; Alefeld 1983, Raldow 1982).
generally an evaporator, condenser, absorber and genera-
tor. but also possibly including desorbers, resorbers, eic
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Figure 1 Single-effect cycle

Figure 1 shows the classic "elemental” single-effect ab-
sorption cycle Figure 2 shows the two-condenser double-
effect cycle, which is widely manufactured using water as
the refrigerant. One ammonia refrigerant double-effect
prototype has been bullt using this same cycle (Reid et al.
1987), and ammenia-water has been evaluated for use in
this cycle (Phillips 1988; Modahl and Hayes 1988).

There are a number of known absorption cycles
capable of “triple-effect” refrigeration. Rules have been
established (Alefeld 1983, 1985) that allow the evaluation
of complex cycles in terms of several equivalent single-
effect cycles. These rules specify that one (or more) com-
ponents of a single-efiect cycle are combined with compo-
nent(s) of a second single-effect cycle to abtain the more
complex cycle These combined components have a com-
mon absorption fluid stream and are in simultaneous heat
and mass exchange with each other. These combined
components of the elemantal single-effect cycles are call-
ed “exchange units” (Alefeld 1983, 1985).

It is also possible to evaluate these same complex
cycles interms of basic single-effect cycles without having
to use the combined heat and mass "exchange units”
(Wilkinson 1987). Using single-effect cycles in which inde-
pendent components are only in a heat exchange relation-
ship with components of the other single-effect cycles also
allows relatively simple evaluation of complex cycles,

SINGLE-EFFECT CYCLE

The basic single-effect cycle shown in Figure 1 will
serve as the basis for calculation for each cycle evaluated
in this papet The basic cycle for ammonia-water, including
internal heat recuperation currently practiced by the in-
dustry, is capable of a COP = (.77 at the standard rating
conditions. The evaporator (on the refrigerant side) is at
36°F (2.2°C) in order to cool air with a reasonable temper-
ature drop across the heat exchanger. Both the absorber
and condenser operate at or above 92°F (33.3°C) in order
ta reject heat to the atmosphere, which is at 82°F (27.8°C)
for the standard rating test procedure (AR 1881) for small
air-cooled air conditioners. The condenser, operating at
92°F, will therefore be at a pressure of 1848 psi. Under
these conditions, the generator will operate over the range
of 157.4°F 1o 240.3°F (69.7°C to 115.7°C). In other words,
the solution at the cold end of the generator is at thermo-
dynamic equilibrium at 157 4°F and then is heated by an
external heat source to a temperature of 240.3°F before
leaving the hot end of the generator. This cycle can be
Operated as the single-effect cycle with heat input to the
generator from, for example, a natural gas flame,

For one "unit" of external heat input to the generator,
one "unit” of refrigerant is produced. This refrigerant isthen
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Figura 2 Double-effect cycle

condensed (rejecting one “unit” of heat to the air) and
evaporated (producing one “unit” of refrigeration), For one
"unit” of external heat input, one "unit" of refrigeration ef-
fect is produced, hence the name “single effect.” Ideally,
this would be a COP = 1.0; however, because of real-world
second-law thermodynamic losses, COP = 0.77 is typi-
cally achieved.

Itis also possible to use heat from other processes to
provide heat to the basic single effect in order to obtain the
thermodynamic equivalent of other, more complex, con-
figurations (Wilkinson 1987, Alefeld 1983,1985). The single
effect discussed above is the "baseline” single effect for
calculation of the more complex double- and triple-effect
cycles that follow.

DOUBLE-EFFECT CYCLE

The double-ettect cycle shown in Figure 2 is com-
manly used in manufactured products. This cycle
dominates sales of large absorption equipment. It differs
from the baseline single effect in that there are two con-
densers and two generators instead of only one of each in
the single effect. This “two-condenser, double-effect” oycle
is thermodynamically equivalent to two basic single-effect
cycles in which a "hightemperature condenser” single ef-
fectis combined with the baseline single effec! discussad
previously,

The "high-temperature condenser” single effect is
defined as a single-effect cycle in which the condenser
temperature is raised to a temperature greater than that of
the generator of the baseline cycle. This means that the
"high-temperature condenser' must operate at a
temperature greater than 215.8°F so that all of the heat
from this high-temperature condenser can be used 1o pro-
vide energy needed for the generator of the baseline single
effect. The heat of rectification from the high-temperature
generator can be used lo provide energy from 2158°F to
the 240.3°F peak temperature for the single-effect
generator. In this evaluation, a 10°F temperature difference
is assumed for heat exchange, which results in the high-
temperature condenser operating at 2258°F (1078°C).
This condénser lemperature cormresponds to a pressure of
1000 psi (68.1 atm). Under these conditions, the high-
lemperature generalor will have a maximum temperature
of 391.3°F (199.6°C).

By combining the high-temperature condenser
single-effect cycle with the baseline single-effect cycle, all
of the condensation heat of the refrigerant in the high-
lemperature cycle can be used to "generate” additional
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Figure 3 Three-condenser tripis-affect cycle
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Figure 5 Two-condenser, two-absarber triple-effect cycle

refngerant in the baseline cycle. One unit of refrigeration ef-
fect is produced in the high-temperature cycle with the
addition of external energy. A “second” unit of refrigeration
effect is produced in the baseline cycle by recovering the
heat of condensation from the high-temperature cycle.
Therefore, with the addition of external heat only to the
generator of the high-temperature cycle, a total of two units
of refrigeration Is produced; hence the designation
“double effect” |deally, this would result in twice the effi-
ciency of a single-effect cycle, or a COP = 2. When real
second-law thermodynamic losses are included, COP =
1.20 istypically obtained. This represents a very significant
80% improvement in efficiency compared to the baseline
single-affect cycle.,

The "price’ for this performance improvernent is an in-
creasein temperature from 2403°F (115.7°Cjto
381.3°F (199.6°C), anincrease In pressure from 1848 psi
to 1000 psi, and a significant increase in complexity and
heat transfer. As first approximations, these transiate into
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Figure 4 Three-absorber triple-affect cycle

increased corrosion rates, larger heat exchanger surface
areas (and increased manufacturing costs), much higher
pressures (also likely to increase manufacturing costs in
order to maintain adequate safety margins in production),
and increased control complexity.

TRIPLE-EFFECT CYCLES

Previous work has shown that there are theoretically
a large number of cycles that fall into the category of “triple
efficiency” (eg., “triple effect” [Alefeld 1983, 1985]). By
limiting the application to air conditioning of buildings and
by limiting the cycles to basic combinations of cycles using
standard evaporator, condenser, absorber, and generator
components, there are three basic triple-effect cycles
possible,

These three cycles are shown schematically in Figures
3, 4, and 5. Each cycle will be discussed individually
without regard to absorption fluid choice, and then the
cycles will be evaluated for use with NH,/H.O

Three-Condenser Triple-Effect Cycle

The first cycle, shown in Figure 3, uses three con-
densers and three generators to obtain the “triple-effect”
cycle configuration. This cycle can be considered to be the
traditional two-condenser, double-affect cycle with the
addition of yet another condenser and generator. Principal
considerations in applying this cycle are the much higher
ternperature of the third condenser and the resulting
higher pressure compared to the double-effect cycle This
i5 the tnple-effect cycle that has previously appeared in the
literature but has not been developed further with any exist-
ing absorption fluids.

Three-Absorber Triple-Effect Cycle

The second cycle, shown in Figure 4, uses three ab-
sorbers and three generators to achieve the triple eflect.
This cycle would operate at the same pressure asa single-
effect cycle but also requires extremely high temperature



Figure 8 NH,/H,0 PTX with two-condenser, two-absorbar
triple-affect cycle

lift capability between the evaporator and the high-temper-
ature absorber.

Two-Condenser, Two-Absorber Triple-Effect Cycle

The third basic triple-effect cycle, shown in Figure 5,
uses two condensers and two absorbers to obtain the
triple-effect cycle configuration, This cycle is equivalent to
wo independent single-effect cycles in which both the con-
denser and absorber of a “high-temperature, single-effect”
cycle are hot enocugh to be used to supply heat to the
baseline single-effect cycle. An interesting feature of this
configuration is the ability to operate the high-termnperature
single-effect cycle at a lower pressure than is the case for
the double-effect cycle. The reason for being able to
operate at a lower pressure than the double-effect cycle will
be discussed in a following section.
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Figure 9 High-temperature heat exchange for NH,/H,0
triple-affect cycle

Triple-Effect Cycles With NH,/H,0

As a first step in evaluating any new complex cycle, it
is essential 1o establish that a particular fluid is fundamen-
tally suitable for the new cycle. For various reasons (for ex-
ample, crystallization limits, inadequate solubility, etc.),
some absorption fluids cannot be used to build and
operate real machinery using a complex absorption cycle,
For this reason, the first step in evaluating triple-effect cycles
tor use with NHy/H,O is simply to draw the particular
tniple-effect cycle on the NH,/H,O pressure-temperature-
concentration (PTX) equilibrium diagram.

Figure 6 shows the three-condenser, triple-effect cycle
superimposed on the NH,/H,0 PTX diagram. As can be
seen, this cycle would not be practically feasible with
NH,/H,0, since the high-temperature condenser would
have to operate well beyond the critical point of the
ammonia refrigerant. Therefore, the three-condenser,
triple-effect configuration is eliminated from further
consideration,

Figure 7 shows the three-absorber, triple-effect cycle
superimposed on the NH,/H.O PTX diagram. As can be
seen from Figure 7, this cycle exceads the solubility limit of




TABLE 1
Cycle Comparison of Basic Ammonia-Water Cycles

Cycle Single Effect Double Effect Triple Effect

Cop ar7 120 1.41

Haat Transter 250000 380,000 260,790

{Btut)

High Pressurs 1848 psi 1000 psi 701 psi
{126 atm) (BR.1 atrr) (47.7 atm)

MNe. Pumps 1 2 2

Fumping Power asw 0w 151W

Mo, Major Components 5 78 T (10}

Paak Genarator 2403°F 3913°F 425 7°F

Temperature ME7*C) (1896°C) (218.7°C)

Mot The calculations afe 8t the standarg rfing conditions lor uniiary air condifioners (ARI Standard 210-81) and assumes commercially achsevatia heat excnangss par

formiance (approximataly 10°F).

NH,/H,0. It is not possible to operate this cycle with
MNH./H;0, since the highest-temperature absorber and
the highest-temperature generator would have to operate
at temperatures higher than the solubility limits of
NH./H,0 (e.g., beyond the pure H,0 absorbent limit).

Figure & shows the two-condenser, two-absorber
triple-effect cycle superimposad on the NH,/H,0 PTX
diagram. As can be seen, this cycle does fit completaly
within the solubility limits for NH,/H,0, with adequate
margin for reasonable haat exchanger performance. Of
the three basic triple-effect cycles, this configuration is the
only cycle that can use NH,/H,O. This cycle will herein-
after be called the triple-effect cycle.

CALCULATED PERFORMANCE FOR
THE NH,/H,0 TRIPLE EFFECT

Performance calculations for the triple-effect cycle
have been made based on recent NH,/H,O data
(Gillespie et al. 1985; Macriss et al. 1988).

Table 1 shows a summary comparison of single-effect,
double-effect, and triple-effect absorption cycles using
NH,/H, 0. The refrigerant and absorbent operating condi-
tions are included in Appendix A. As can be seen, the
triple-effect cycle does offer significant performance im-
provements compared to the double-effect cycle using
NH,/H,;O. Al the standard rating condition, the triple-affect
cycle is 18% more efficient than the equivalent double-
effect cycle (COP = 1.41, compared to COP = 1.20).

Some of the calculated values in the summary table
may at first appear to be surprising. For example, the triple-
effect cycle is calculated to operate at lower pressure, 1o
need less total heat exchange, and to have much lower
pumping power requiremants than the double-effect cycle
Each of these results will be discussed in the following
sections.

High Pressure

As previously discussed under the double-effect cycle,
the "high-temperature single-effect cycle” must reject heat
at a higher temperature than the baseline single-effect
generator (low-temperature generator) input temperatures,
For the double-affect cycle, the high-temperature con-
denser is primarily used to provide energy to the low-tem-
perature generator. For systerns with a volatile absarbent,
such as ammaonia and water, some additional energy can
also be recovered from the high-temperature rectifier The
low-temperature generator can accept heat from 157.4°F
up to 240.3°F However, most of the energy available from

the condenser is available from the heat of condensation
of the refrigerant, with only a small quantity of energy be-
ing available from sensible cooling of the condensed
refrigerant. This means that the high-temperature con-
denser must operate at 2258°F (215.8°F generator tem-
perature + 10° for heat exchange) in order to supply all of
the available condenser energy to the low-temperature
generator The high-temperature rectifier can then provide
the rest of the energy needed to heat the lowtemperature
generator to the 240.3°F peak temperature. For NH,/H,0,
this means the double-effect cycle will operate at 1000 psi
pressure, since the pressure is determined by the con-
denser operating conditions.

Howewver, for the triple-efiect cycle, both the high-
temperature absorber and the high-temperature con-
denser are used to provide energy to the low-temperature
generator The absorber, rather than the condenser, can be
used to provide energy 1o the hotter parts of the generator,
so the condenser can operate at a lower temperature while
still supplying energy to the cooler parts of the generator.
This means that the high-temperature condenser can
operate at about 120°F and reject all of the condenser
energy to the low-temperature generator, Additionally, the
high-temperature absorber can operate conveniently over
atemperature range of 195°F to 230°F, thereby providing
additional energy input to the low-temperature generalor.
Finally, as in the double effect, the high-temperature recti-
fier can be used to provide the rest of the energy needed
to heat the low-temperature generator. This condenser
operating condition for the triple-effect cycle corresponds
to a pressure of 701 psi, rather than the 1000 psi for the
double-effect cycle Figure 9 shows schematically the heat
exchange between the high-temperature condenser, the
high-ternperature absorber, the high-temperature rectifier,
and the low-lemperature generator,

A fundamental advantage of the triple-effect coupling
of the high-termperature side to the low-temperature side
compared to a double-effect cycle is the ability to operate
at reduced pressure.

Solution Pumping

The triple-effect cycle has a substantially lower solution
pumping power requirement than the double-effect cycle,
The double-effect cycle would need 370 W of pumping
power (ideal pumping power exclhuding pump or motor effi-
ciency), whereas the triple-effect cycle would need only
151 W of pumping power. There aré two reasons for the
triple-etfect cycle’s reduced need for solution pumping



power. The first is simply that the solution only needsto be
pumped to 701 psi instead of 1000 psi, as discussed
above. The second reason is that far less solution needs to
be pumped to the high-pressure generator in the triple-
gffect cycle configuration.

The refrigeration effect obtained from the high-
temperature (e.g., high-pressure) side of the double-effect
cycle is about 57% of the capacity of the complete double-
effect cycle Therefore, as a first approximation, about 57%
ot the total absorption solution needs to be pumped to the
high-pressure (1000 psi) generator. For the triple-affect
cycle, the refrigeration effect obtained from the high-
temperature part of the cycle is anly 25.4% of the total
refrigeration effect, with the remaining 74.6% being ob-
tained from the lower-lemperature part of the cycle. There-
fore, substantially less absorption sclution is pumped to the
high-pressure generator in the triple-effect cycle.

Combining these two advantages for the triple-effect
cycle results in a substantially lower solution pumping
power requirement compared to the double-affect cycle,

Heat Transfer

The triple-effect cycle recovers more energy internal-
ly than the equivalent double-effect cycle, which means
there is a substantial reduction in the total heat transfer
needed for any given refrigeration capacity. This reduction
in heat transfer is because the triple-effect cycle recovers
the high-termperature absorber energy and substitutes this
absorber energy for external energy that would be needed
in the equivalent double-effect cycle. The double-effect
cycle "throws away” this absorber energy to the outside air,
adding to the total heat transfer taking place in the cycle,
A second advantage of the triple-effect cycle using
NH,/H.0 isthat less heat transfer is neaded for rectifica-
tion compared to the double-effect cycle (also due to the
lower pressure, less solution flow advantages discussed
above).

Theretore, as a first approximation, 3396 less heat ex-
changer surface area is needed for the triple-effect cycle
compared 1o the double-effect cycle. Since absarption
machines are mostly heat exchangers, this means that it
should cost less to construct a triple-effect NH,/H,0 air
conditioner than to construct a double-effect air condi-
tioner of the same capacity.

Maximum Temperatures

A disadvantage of the triple-affect cycle compared to
the double-effect cycle is the higher lemperature neces:
sary lo operate it. For the same external conditions and
equivalent heat exchangers, the triple-effect generator will
operate at 425.7°F (218.72C) compared to 391.3°F
(1996°C) for the doubile-effect cycle. If the same absorp-
tion fluids are used, along with equivalent heat exchangers,
higher efficiency cycles can only be obtained by using
higher driving temperatures for the absorption cycle

These higher temperatures will increase potential cor-
rosion rates, possibly affecting material choices and
matenal costs. Reliability and maintenance requirements
also could be affected

HARDWARE IMPLICATIONS

Except for the higher temperatures, it would seem to
be preferable to bulld NH,/H,0 absorption air condi-
tioners using the triple-effect cycle rather than a two-
condenser, double-effect cycle

In the last few years, every individual component
needed to build and operate the triple-effect cycle has
been developed and tested, although all of the com-
ponents have not been built or tested by a single organiza-
tion. The basic evaporator, absorber, and condenser are
the same components that have been manufactured for
decades in single-effect NH,/H.0 air conditioners.

The high-temperature condenser, which supplies heat
to the low-temperature generator, is the same for the
double- and triple-effect cycles. This high-temperature con-
denser, using NH, refrigerant, has been designed, built,
and demonstrated for a double-effect cycle (Reid et al.
1987). In addition, it has been designed to operate as high
as 1500 psi and has been tested in operation to the design
point. High-temperature condenser operation at condi-
tions far beyond those needed for the triple-effect oycle has
therefore been demaonstrated.

The high-temperature absorber/low-temperature
generator combination has also been designed, built, and
tested (Modah| and Hayes 1988), The high-temperature
absorber was built and tested for an NH,/H,0 heat pump
development project to obtain the equivalent of double-
effect efficiency in a heating and cooling heat pump using
a "generator-absorber heat exchange cycle” Thig high-
temperature absorber, combined with a low-temperature
generator, has also been demonstrated at operating con-
ditions beyond those needed for the triple-effect cycle air
conditioner,

The equivalent high-temperature generator needed
for the NH,/H,0 triple-effect cycle has also been
developed and tested for a number of other applications
(Phillips 1988; Modahl and Hayes 1988). The remaining
step, not yet taken, would be to design, construct, and test
a complete triple-effect machine using NH;/H,0.

CONCLUSION

It is technically feasible to build and operate a two-
condenser, two-absorber triple-effect cycle using
ammonia-water (NH./H;0) as the absorption fluid. This
particular triple-effect cycle offers a number of significant
advantages compared to the equivalent two-condanser,
double-effect cycle. These advantages are substantially
higher efficiency (COP = 1.41, about 18% higher), lower
pressure (701 psi instead of 1000 psi), significantly reduced
pumping power (less than ane-half that of the double-effect
cycle), and potentially lower construction costs (33% less
total heat exchange neaeded). In order to achieve the triple-
effect levels of performance, peak generator temperatures
are higher than for the equivalent double-effect cycle,
adding technical risk due to potentially higher corrosion
rates.
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APPENDIX A
Standard Rating Conditions for SEER (82°F)
Indoor Air: B0°F return, 67°F supply
10°F for heat exchangers
Refrigerant/absorbent canditions;
Lower Loop:
Evaporator: 36°F; 667 psi; 99% NH, purity
Absorber: 92°F; B6.7 psi; 52 0% conc.
167 4°F; BET psi. 28.1% conc.
Condenser; 92°F; 1848 psi: 99% conc.

Generafor: 1574°F; 1848 psi; 52 0% conc
2403°F; 1848 pst; 29.1% conc.

Upper Loop:
Evaporator: 479F, BA 2 psi; 89% cong, (the evaporators are

staged to keep temperatures and pressures as low as possibie)
Condenser: 190°F, 701 psi: 8% cong

Absorber: 195°F; B3.1 psi: 256% conc,

230°F; B3.1 psi; 170% conc,

Rectifier: 221.6°F, 701 psi; 99% conc (vapor to condenser)
J745°F; 701 psi; T8 4% conc. (vapor from generator)
Generator: 364.5°F; 701 psi; 256% conc. (rich liquid)
4257°F, 701 pai; 17.0% conc. (weak liquid)

Cther Notes:

For the above conditions, the upper loop supplies 25.4% of
cooling capacity and lower loop supplies the remaining 74 8% of
capacity. The lower loop generator receives heat input from the
upper loop condenser (190°F), absorber (1852 1o 230°F), and
rectifier (22110 374°F).

This calculation is for an air conditioner only; temperatures
for lower loop would not work for a reversible heat pump
configuration,

DISCUSSION

T. lrwin, Marketing Technical Service Representative,
United Cities Gas Co., Brentwood, TN: Waould the Initial cost
ol l[:l?atnﬁ&aﬁact unit provide a good payback ve a double-affect
un
R.C. DeVault: The triple-affact is calculated o need approxi-
mately 33% less heat exchange for equivalent cooling capacity.
The overall complexity, pump requiremeants, and heal eschanger
canstruction requirements of the triple-affect are approximately
the same or less stringent than the double-effect, &, the triple-
eflect has the same number of pumps, same number of major
components, same number of solution streams o control, lower
pressure, atc. If the same materials can be used for heat
exchanger construction, the triple-effect should cost less to
manufacture than a double-effect using ammona-water Since the
triple-eflect is more efficient than a double-effect and potentially
costs fess to manutacture, the triple-affect would have instant " pay-
back” compared to the double-affect

The triple-effect operates at a higher temperature, possibly
needing more expensive matenals for corrosion resistance in two
compaonents—ihe high-temperature generator and the high-
temperature liquid heat exchanger—compared to the double-
effect, I more expensive materials are needed lor the triple-effeat,
then cost for the mora expensive corrosion-resistant materials
would add to the triple-effect costs. Laboratory work would need
{0 be performed 1o further evaluale materials cost as applied 1o
the tripla-aflect cycle.
D. Miles, Wave Air Corp., Atlanta, GA: Your paper compares
total heat transter rates and pump power for single-, double-, and
triple-effect cycles. It is not clear if these comparisons are lor a
constant cooling capacity or on a per unit cooling capacity basis
Could you please comment to clear this up?
DeVault: All comparisans for single-, double-, and triple-sflect
cycles are for three-fon cooling capacity (36,000 Biuh) machings
operating under identical external ambient temperature condi-
tians and equivalent heat exchanger performance. As close as
reasonably possible, the comparisons are apples-to-apples

The sngle- and double-atfect cycles are well known and their
caloulated performances are reprasentative of "optimized” oycles.
The triple-affect cycle calculation was matched to the single- and
double-gffect calculations but no attempt was made o optimize
the tnple-affect cycle. For this reason, the compansons made
should be consanative since there is a high likelihood that the
iriple-affect cycle parformance can be optimized also



	01.pdf
	02.pdf
	03.pdf
	04.pdf
	05.pdf
	06.pdf
	07.pdf

