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Abstract

By using a distillation tower as the regenerator, the coefficient of performance
(COP) of the ammonia-water absorption refrigeration cycle is calculated in
this work. Two types of distillation towers, namely an equilibrium-stage tower
with a total condenser and a packed-bed tower with a partial condenser, are
used in the cycle. From the simulation results, it is found that both types of
distillation towers can successfully increase the COP of the cycle due to in-
creased ammonia concentration in the vapor phase of the ammonia-water re-
frigerant. It was also found that the tower equipped with a partial condenser
provides higher COP than that of the tower equipped with a total condenser.
The value of COP can be further increased when the generator is replaced by
the packed-bed tower in this water-ammonia absorption cycle. The effects of
the mass flow rate ratio of NH;/H,O, stage number, reflux ratio and energy
duty of the tower on the COP of the cycle are also studied in the present pa-
per.
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1. Introduction

Conventional refrigeration cycles using vapor compressors are known to con-

sume electricity intensively, particularly during hot summer season. Local engi-

neers in Taiwan have a renewed interest in the alternative approach of using ab-

sorption type of refrigeration cycle that does not demand electricity intensively

to tackle this problem.
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Because of its high solubility and heat of vaporization, the ammonia-water
solution can serve as the refrigerant in this absorption refrigeration cycle. Ab-
sorption of ammonia is accomplished by increasing the pressure on the liquid
phase, which consumes much less energy than the conventional vapor-compression
type of refrigeration cycle. Several works on improving the coefficient of per-
formance (COP) of the ammonia-water absorption refrigeration cycle have been
published in the past two decades [1] [2]. For example, J. A. Rossa and E. Bazzo
[3] analyzed a small-scale ammonia-water cogeneration system consisting of an
absorption chiller connected by a thermosiphon heat exchanger which replaced
the original natural gas burning system. It was proved that the thermal efficiency
of their modified system can be increased 67% relative to a single natural-gas
microturbine. Kong et al [4] designed a refrigeration system equipped with a
single ammonia-water absorption chiller of complete condensation, and found
that the COP values achieved by their new device are located between 0.32 and
0.36. Hong et al [5] studied the performance of ejector-absorption combined
refrigeration cycle. They showed that the COP of the cycle is 30% higher than
that of the conventional single-effect absorption refrigeration cycle at the same
working conditions. Ouadha and EI-Gotni [6] had examined the feasibility of
using waste heat from marine Diesel engines to drive an ammonia-water absorp-
tion refrigeration system, and found that the COP of the cycle increases with the
increase of the generator temperature to a value of 0.65, which is the upper limit
COP performed by a conventional ammonia-water refrigeration system. By com-
bing with an ejector-absorption system, Oza and Bhatt [7] found that COP of
the combined cycle is improved by 14.98% to 33.47% compared to the conven-
tional cycle. Since reusing the wasted engine heat is a useful method of energy
conservation currently, Kaewpraduba et al [8] adopted the Toyota 3RZ-FE en-
gine to produce exhaust gas in their absorption refrigeration system. They found
that the highest COP of 0.275 is reached at an engine speed of 1400 rpm, and
that the decreased refrigerant temperature at the condenser outlet helps to in-
crease COP. Wijaksana et al. [9] conducted a series of experiments of investi-
gating the effect of ammonia concentration on the performance of this ammo-
nia-water absorption refrigeration system. They found that increasing the am-
monia concentration can increase COP, and the highest COP resulted is 0.829 at
59% ammonia concentration. Babu et a/ [10] found that the maximum COP can
be obtained at lower condenser and higher evaporator temperatures, which can
be achieved by decreasing the rate of the refrigerant fluid ammonia in the con-
denser and evaporator. However, there is an increased risk of the potential gen-
eration of explosive mixtures due to the presence of hydrogen. Since the results
of the above works indicate that the operating conditions of the generator such
as temperature, pressure and mass flow rates of water and ammonia play a major
role in determining the COPs of the whole cycle (which can be controlled by the
governing operating principles of distillation towers), it reminds us that the ge-

nerator of the cycle may be replaced by a distillation tower. This idea was first
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innovated by Kaushik and Bhardwaj [11] who added a rectifier on the top of ge-
nerator. From the results of their theoretical analysis, they found that an increase
of condenser temperature can improve the performance of the cycle at higher
generator temperatures. Then, by assuming that the refrigerant vapor leaving the
rectifier enriched with a 99.5% ammonia concentration when the temperature of
absorber was fixed at 35°C and the generator pressure was kept between 1.03
MPa to 2.07 MPa, Clerx and Trezek [12] found that the generator temperatures
must be greater than 120°C in order to obtain a COP value greater than 0.5. Lat-
er on, in order to avoid the generator temperature in excess of 150°C in their
water-ammonia system equipped with a solar cooling system, Best and Hernan-
dez [13] invented a novel type of generator consisting of two parts: a rectifier
and a falling film heat exchanger, and proved that their unit's COP can be always
operates higher than 0.55 when the generator temperature is kept between 80°C
and 100°C.

Even many good computer algorisms were already written down to investigate
the effect of changing various operating parameters (for example, the tempera-
ture and the refrigerant flow rate) on cycle’s COPs (Raghuvanshi and Mahesh-
wari [14], Cai et al [15] and Habibzadeh et al [16]), but since the effect of
changing these parameters on the performance of the distillation tower can be
simulated by using the available software such as Aspen [17]. Darwish et al have
analyzed the performance of the cycle by using the Aspen plus flowsheet simu-
lator successfully [18]. A very good agreement between the simulator’s results
and the experimental measurements was found. The effect of separator (input)
heat duty on the COPs agrees well with the reported experimental data with a
maximum percentage deviation of 1.8%. They also found that introducing a
throttling process directly before the separator can alleviate the separator heat
load and enhance the COP by up to 20% (i.e. from 0.45 to 0.54, see Fig. 9 of ref.
[18]). Hence, we adopted this software (Aspen version-10.0) to simulate the
COPs of the present modified ammonia-water absorption refrigeration cycle
equipped with four types of distillation tower (Ze., flash drum, equilibrium stage
distillation column followed by a total condenser, equilibrium stage distillation
column followed by a partial condenser, and a packed column) under different
operating conditions. The results of simulation done in this work will show that
the replacement of the generator by the packed-bed tower can give the best
COPs in general.

2. Principle of Ammonia-Water Absorption Refrigeration
Cycle

The schematic diagram of the absorption cycle for refrigeration is illustrated in
Figure 1, at which ammonia is served as the refrigerant and water is served as
the absorbent solvent. In this cycle, the evaporation (i.e. receiving latent heat at
low temperature, AH = 23.4 kJ/mole for ammonia at normal pressure) and con-

densation (Ze. releasing latent heat at high temperature) processes take place at a
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Figure 1. Schematic diagram of the ammonia water absorption cycle for refrigeration.

constant pressure, respectively. When ammonia vapor leaving the evaporator, it
will be readily absorbed into the low temperature water in the absorber, where
the heat of dissolution is released (ie. AH = —30 kJ/mole for ammonia at 25°C).
This strong NH,/H,O solution is then pumped to the higher pressure generator.
Because of the reduced solubility of ammonia in water at this high temperature
generator, the refrigerant vapor will leave from the solution. This vapor then
passes to the condenser and the weakened NH,/H,O solution is returned to the
absorber. In order to reduce the heat required in the generator, the returning
weak solution will pass through a heat exchanger to pre-heat the strong NH,/H,0
solution. In the condenser, the NH, vapor will be liquefied after releasing its la-
tent heat. Then, the NH, refrigerant will enter an evaporator of low pressure and
temperature and expand isentropically, where the heat necessary for the evapo-
ration is taken from the cold source. Therefore, because of the equipped heat
exchanger, the mechanical work done on the compression of strong NH,/H,O
solution in this cycle will be less than that of the conventional vapor-compression
cycle (ie the reversed Carnot cycle), but a heat input to the generator is re-
quired.

In the above absorber as shown in Figure 1, because the partial pressure of the
weak NH,/H,O solution is low, hence most of NH; vapor from the evaporator
can be absorbed into water at this absorber. In the generator, since the solubility
of NH; in the strong solution decreases with the increase of temperature, hence
most of absorbed NH; vapor will be vaporized from solution and then passes
into condenser. However, since the absorbent water will be also vaporized si-
multaneously when leaving the generator, the concentration of NH; in the vapor
phase refrigerant will be reduced. With this decreased concentration of NH;,
because less heat will be released from condenser and taken from the cold source
in the generator consequently, and the COP of the whole cycle will be decreased.
In order to make the refrigerant leaving the generator rich in NH, vapor, it re-
minds us to displace the generator by a distillation tower as mentioned above.
Through this device, the water vapor can be condensed and refluxed to the tower,

and therefore the vapor leaves the tower will be richer in NH; refrigerant. Since
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the available commercial software Aspen adopted popularly by chemical engi-
neers now, the authors intend to adopt it to investigate this replacement effect in

present paper.

3. Simulation

Figure 2 shows the schematic diagram of the aforementioned ammonia-water
absorption refrigeration cycle analyzed in the present simulation. As illustrated
in Figure 2, the strong NH,/H,O feed solution leaves the absorber and subse-
quently enters the distillation tower which replaces a conventional generator.
The top refrigerant enriched in NH; leaves the distillation tower and enters the
condenser, while the bottom effluent (i.e. weak NH,/H,O solution) is delivered
to a heat exchanger to pre-heat the strong solution from the absorber. In the
condenser, the NH; refrigerant releases the latent heat and is then liquefied be-
fore entering a flash drum, which represents the evaporator of the cycle. After
receiving heat from the surroundings in the flash drum, the liquefied refrigerant
enters a mixer (e which represents the absorber of the cycle) in which it is
mixed with the weak solution from the heat exchanger. Since the absorption of
ammonia in water is exothermic, a condenser is added after this mixer to pre-
vent overheating of the solution. To eliminate the vapor content in the NH,/H,0
strong solution leaving the mixer and minimize the work consumed in the sub-
sequent pumping step, a flash drum is added in this process. In this flash drum,
the vapor content (usually with very small amount) is recycled to the strong so-
lution, while the bottom effluent is pumped to the heat exchanger. To adjust the
temperature of the solution leaving the heat exchanger, an additional condenser

is added to the flow paths of the strong solution and the weak solution, respec-

tively.

condenser

evaporator

absorber

condenser

EEON

condenser pump

&
< <

Heat exchanger

condenser

Figure 2. Computer simulation flow sheet of the ammonia water absorption cycle for refrigeration adopted in the present paper.

DOI: 10.4236/epe.2020.126015

241 Energy and Power Engineering


https://doi.org/10.4236/epe.2020.126015

Y.-l. Changetal.

In the following computer simulations, the values of different control va-
riables of the distillation tower (i.e., temperature, pressure and mass flow rate)
are varied. The present open-loop sheet in Figure 2 is termed “closed-loop”
when the conditions of the product solution (shown at the right bottom side) are
the same as those of the feed solution (shown at the left side of the sheet).

In the present simulation, the COP of the cycle is defined as [1] [2]:

COP = Heat required in the evaporator (kcal/hr)
Energy duty of the distillation tower (kcal/hr) (1)

The following assumptions are made in the present simulations:
e Feed flow rate: 1.0 kmol/hr.
¢ Distillation tower pressure: 17 bar (gauge).
e Condenser exit temperature: 40°C.
e Evaporator temperature: 7°C.
e Absorber temperature: 40°C.
e Thermodynamic package: Sour Peng-Robinson Equation of State.

For the ranges of temperature and pressure adopted in the absorber and eva-
porator in Figure 2, it is found that the highest solubility of NH; in H,O is X
=50/50 (Ze. expressed in mass flow rate ratio) [19]. Therefore, only a few selected
values of X < 50/50 are considered for the strong NH./H,O solution entering the
distillation tower in the present work.

4. Results and Discussion

Four different kinds of distillation tower (i.e., flash drum, equilibrium stage dis-
tillation column followed by a total condenser, equilibrium stage distillation
column followed by a partial condenser, and a packed column) are proposed to
replace the conventional generator as shown in Figures 3(a)-(d). Computation
of COPs is conducted using the simulation conditions mentioned above.

4.1. Flash Drum

The effects of changing the operating temperature (90°C - 145°C) of the flash
drum in Figure 3(a) on the COPs of the cycle for the various feed concentra-
tions (Ze., different X values) are shown in Figure 4.

For X = 50/50 as shown by curve 1 in Figure 4, it is found that the COPs (0.55
- 0.65) of the cycle increase with increasing operating temperature (90°C - 94°C)
because of the increased amount of NH; generated in the vapor phase of this
flash drum. When the operating temperature is lower than 90°C, which is the
saturation temperature corresponding to the assumed tower pressure 17 bar, no
ammonia vapor is generated in the drum and, therefore, COP cannot be ob-
tained from the computer simulation [19]. Meanwhile, when the operating tem-
perature of this flash drum is greater than 94°C, the concentration of ammonia
in the vapor phase is diluted by the increased amount of water vapor volatilized
simultaneously at this high temperature. Therefore, no evaporation effect of

ammonia refrigerant is observed in the subsequent.
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Figure 3. Four different kinds of the distillation tower adopted in the present simulations. (a)
Schematic diagram of a flash drum; (b) Schematic diagram of a general equilibrium stage tower
with a total condenser; (c) Schematic diagram of a packing bed tower with a flash drum (ie.
partial condenser); (d) Schematic diagram of a packing bed tower.
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Figure 4. The effects of changing the operating temperatures of the flash drum (Figure
3(a)) on the COPs of the cycle for the various concentration ratios of ammonia to water
in the feed solution (Ze. different X values). In this case study, the conventional generator
is represented by a flash drum.

When the feed concentration is decreased from X = 50/50 to X = 45/55, the
evaporation effect in the evaporator will be diminished gradually when the oper-
ating temperature is greater than 110°C. Hence a maximum COP in curve 2 of
Figure 3 is observed. Similar results are obtained for X = 40/60, X = 35/65 and X
= 30/70, where the best operating temperature is located at 120°C, 135°C and
140°C, respectively. One plausible explanation is that as the water contents in
the NH,/H,O solution is increased, the energy duty required to evaporate the
NH3 refrigerant in this flash drum is increased. Therefore, the range of operat-
ing temperature should also increase gradually as Xis changed from X = 50/50
to X'=30/70 as shown in Figure 4. Among these five curves, the highest COP of
the cycle is always obtained at X = 50/50.

4.2. The General Equilibrium Stage Distillation Tower

In the present paper, two types of distillation tower: 1) the general equilibrium
stage tower followed by a total condenser (see Figure 3(b)) and 2) the general
equilibrium stage tower equipped followed by a flash drum (i.e. partial condens-

er, see Figure 3(c)) are employed to simulate the generator in the flow sheet of
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Figure 2. Since the factors of reflux ratio, feed concentration, total stage number,
position of feed stage and the energy duty of reboiler are important in deter-
mining the separation effect of a distillation tower, therefore the effects of these
factors on the COPs of the cycle will be considered as follows.

4.2.1. The General Equilibrium Stage Tower Followed by a Total
Condenser

At X = 45/55, when the energy duty of reboiler is fixed at 1000 kcal/hr and the
total stage number is equal to five (S = 5), the effects of reflux ratio on the COP
of the cycle for the various positions of feed stage are shown in Figure 5. Since
the NH,/H,O feed solutions enter the lower part of the tower, whose water con-
tents in the vapor phase have more opportunity to be washed by the reflux solu-
tion. Therefore, the COPs of curve 1 (ie. feed at the 4th stage) and curve 2 (ie.
feed at the 3rd stage) are higher than that of curve 3 (ie. feed at the 2nd stage),
respectively. In the present paper, the total condenser will be counted as the 1st

0.75
0.70 +
0.65 -
o
O 0.60
@)
0.55 -
0.50 - —&— curve1 4th stage
—>— curve2 3th stage
—&— curve3 2nd stags
045 T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Reflux Ratio (R)

Figure 5. The effects of the reflux ratio of the tower on the COPs of the cycle for the var-
ious feed entrance stages, at which X = 45/55 and the energy duty of the reboiler is fixed
at 1000 kcal/hr. In this case study, the total stage number of the equilibrium stage tower is
equal to five and the pressure of the evaporator is kept at 4.5 bar.
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stage and the reboiler as the 5th stage. In Figure 5, the COPs of curve 1 and
curve 2 reach a maximum (COP = 0.71 for curve 1 and 0.67 for curve 2) as the
reflux ratio increases. When the reflux ratio further increases beyond these op-
timum values, the amount of ammonia refrigerant existing in the vapor phase is
reduced by the over-reflux liquid solution. Consequently, the COP decreases
gradually. Curve 3 shows that in the absence of rectifying section in the distilla-
tion tower, the COPs of the cycle decreases as the reflux ratio increases.

As the energy duty of reboiler is increased from 1000 kcal/hr to 1500 kcal/hr,
similar results are obtained for those curves shown in Figure 6. Since the more
energy supplied to the reboiler, the more amount of ammonia refrigerant is
transferred into the vapor phase. Therefore, the COPs for the curves 1, 2 and 3
of Figure 6 are higher than that of those curves shown in Figure 5, respectively.

If the number of the equilibrium stages in the tower is increased from five to
ten, the COPs of those curves shown in Figure 7 are found to be higher than
those shown in Figure 6. This improvement is likely doe to the increased contact

between the vapor phase and the liquid phase the number of equilibrium stage

0.78

0.76

0.74 A

0.72 4

0.70 +

0.68 -

COoP

0.66 -

0.64 -

0.62 4

0.60

—4&— curve1 4th stage
<%+ curve2 3th stage
—@— curve3 2nd stage

0.58 -

0.56 T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Reflux Ratio (R)

Figure 6. The effects of the reflux ratio of the tower on the COPs of the cycle for the var-
ious feed entrance stages, at which X = 45/55 and the energy duty of the reboiler is fixed
at 1500 kcal/hr. In this case study, the total stage number of the equilibrium stage tower is
equal to five and the pressure of the evaporator is kept at 4.5 bar.
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Figure 7. The effects of the reflux ratio of the tower on the COPs of the cycle for the var-
ious feed entrance stages, at which X = 45/55 and the energy duty of the reboiler is fixed
at 1500 kcal/hr. In this case study, the total stage number of the equilibrium stage tower is
equal to ten and the pressure of the evaporator is kept at 4.5 bar.

increases. Similar explanations can be made to explain the maxima existing in
these curves of Figure 7.

Simulation result for the case of increasing the NH; refrigerant concentration
in the feed solution from X = 45/55 to X = 50/50 is shown in Figure 8, at which
the stage number is equal to five and the energy duty of the reboiler is fixed at
1500 kcal/hr. Comparing the results shown in Figure 8 with these results shown
in Figure 6, it is found that the increased amount of refrigerant in the feed solu-
tion can improve the COPs to about 10% when the reflux ratios of distillation
tower are smaller than 0.1. In Figure 8, again, since the over-reflux liquid re-
duces the amount of ammonia vapor above the feed stage, the obtained COPs
for all of these three curves will decrease with the increase of reflux ratio. Be-
cause deficient in rectifying function for feed solution enters at the second stage
of the tower, we also found that curve 3 exhibits the steepest decline slope
among the three curves of Figure 8. The result of increasing the number of stag-

es from five to ten is illustrated in Figure 9. Unlike the case of X = 45/55 as
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Figure 8. The effects of the reflux ratio of the tower on the COPs of the cycle for the var-
ious feed entrance stages, at which X = 50/50 and the energy duty of the reboiler is fixed
at 1500 kcal/hr. In this case study, the total stage number of the equilibrium stage tower is
equal to five and the pressure of the evaporator is kept at 5.4 bar.

shown in Figure 8, it is shown in Figure 9 that no increase in COPs with in-
creasing reflux ratio when the feed solution enters the tower at the 4th stage. As
the energy duty of the reboiler is increased from 1000 kcal/hr to 2000 kcal/hr,
more ammonia refrigerant is distilled into the vapor phase. Thus, the COP of the

cycle is enhanced efficiently.

4.2.2. The General Equilibrium Stage Tower Followed by a Partial
Condenser

From the results of the above simulation, it is found that the lower the reflux ra-
tio of the total condenser the higher the COPs of the cycle. This trend indicates
that most of the refrigerant entering this total condenser would be in the vapor
phase if a high COP value is desired. Therefore, it suggests to us that a simple
flash drum (Ze. partial condenser) could be employed to replace the total con-
denser at the top of the distillation tower in the following case study. By using a
suitable temperature control, the vapor phase of ammonia refrigerant can be

easily separated from that of the liquid phase in this flash drum.
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Figure 9. The effects of the reflux ratio of the tower on the COPs of the cycle for the var-
ious values of the energy duty of the reboiler, at which X = 50/50 and the feed enters the
tower at the 5th stage. In this case study, the total stage number of the equilibrium stage
tower is equal to ten and the pressure of the evaporator is kept at 5.4 bar.

As shown in Figure 3(c), likes the partial condenser of the conventional dis-
tillation tower, this flash drum provides an additional equilibrium stage at which
the liquid and the vapor phases of NH,/H,O mixture can be easily separated.
Because the temperature of this flash drum determines the concentration of
ammonia in the vapor phase (which passes through the condenser and evapora-
tor thereafter in the flow sheet), its effect on the COPs of the cycle will be simu-
lated first here. The results for X = 45/55 and the energy duty fixed at 1500
kcal/hr are shown in Figure 10. It is shown that the COP of the cycle decreases
with increasing temperature of the flash drum. This can be explained by the fact
that the vapor phase is diluted as more water enters the vapor phase at higher
temperatures.

Also, as shown in Figure 10, as the number of stages increases, the concentra-
tion of ammonia in the vapor phase also increases. Therefore, the COPs of the

cycle can be increased with the increase of the stage number. When the mass
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Figure 10. The effects of the flash drum (Ze. partial condenser) temperature on the COPs
of the cycle for the various stage numbers of the tower, at which X= 50/50 and the energy
duty of the reboiler is fixed at 1500 kcal/hr. In this case study, the feed entrance positions
for the curves 1, 2 and 3 are at 3rd, 2nd and 1st stage, respectively. The pressure of the
evaporator is kept at 5.4 bar.

flow rate ratio X is increased from X = 45/55 to X = 50/50, Figure 11 demon-
strates the effect of energy duty of the reboiler on the COPs. It is found that the
COPs of the cycle can be increased significantly (i.e. COP is increased from 0.71
to 0.755 at 55°C) when the energy duty is increased from 1000 kcal/hr (curve 1)
to 1500 kcal/hr (curve 2). However, if this energy duty is further increased to
1750 keal/hr (curve 3), the COPs of is slightly decreased. This trend may occur
due to the fact that the distillation effect promoted in the tower could be coun-
terbalanced by the limited refrigeration function performed by the ammonia in
the evaporator as we found in our simulations. Again, similar trends seen in
Figure 10 are observed in Figure 11, in which all COPs of three curves shown

decrease with the increasing flash drum temperature.

4.2.3. Packed-Bed Tower
It is known that the packed-bed tower exhibits better characteristics such as
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Figure 11. The effects of the flash drum (Ze. partial condenser) temperature on the COPs
of the cycle for the various values of the energy duty of the reboiler, at which X = 50/50.
In this case study, the total stage number of the packing bed tower is equal to five and the
feed enters the tower at the 3rd stage. The pressure of the evaporator is kept at 5.4 bar.

smaller pressure drop and higher operating temperature than those of the gener-
al equilibrium stage distillation tower. Therefore, we also replace the generator
with a packed-bed tower as shown in Figure 3(d). Figure 12 shows the simula-
tion result of the effect of the energy duty on COPs for X = 45/55, where the
number of the theoretical equilibrium stage unit of the packing bed tower is
equal to five (Ze. NTU = 5) and the feed stage is chosen at S = 3. In Figure 12,
we find that the COPs of the cycle can be increased with increasing energy duty
or the operating temperature due to the increased concentration of NH; in the
vapor phase of the packing bed. The highest COP of 0.86 is obtained at the tem-
perature of 90°C and the energy duty of 1750 kcal/hr. Since the upper limit sa-
turated temperature corresponding to the assumed pressure 17 bar is 90°C, the
temperature range adopted in the present simulation is chosen between 80°C
and 90°C.

In addition to the above simulations of using different types of the distillation
tower as shown in Figures 3(a)-(d), we had also conducted simulations syste-

matically under different temperature, reflux ratio and the equilibrium stage
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Figure 12. The effects of the temperature of the packing bed tower on the COPs of the
cycle for the various values of the energy duty of the reboiler, at which X = 45/55. In this
case study, the total stage number of the packing bed tower is equal to five and the feed
enters the tower at the 3rd stage. The pressure of the evaporator is kept at 4.5 bar.

adopted for the distillation towers shown in Figures 3(a)-(d) for X = 45/55 and
X = 50/50. The highest COPs are summarized in Table 1 and Table 2, respec-
tively. From the data shown in these two tables, we can find that the case of re-
placing the generator by a packed-bed tower with NTU = 5 can give the highest
COPs in general among those four modified distillation towers as shown in Fig-
ures 3(a)-(d).

5. Conclusion

With the available software Aspen version-10.0, the computer simulation of a
water-ammonia absorption cycle for refrigeration has been carried out in the
present paper. It is found that the distillation tower can replace the generator
successfully and therefore can increase the COPs of the cycle efficiently, due to
its capability of reducing the water contents in the vapor phase of ammonia
refrigerant. A comparative study is done for two types of a distillation tower

equipped with a total condenser and a distillation tower equipped with a flash
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Table 1. The highest COPs obtained in the present simulations under different operating
values of temperature, reflux ratio and the equilibrium stage adopted for the distillation
towers shown in Figures 3(a)-(d) for X = 45/55.

Case study  Generator replacement Operating conditions for X'=45/55 COPs for X = 45/55

Figure 3(a) Flash drum Temperature: 110°C 0.439

Th ber of equilibri tage: 5
The general equilibrium € ntimber of equiibrium stage
Feed stage: 3

Fi tage t followed b 0.797
igure 3(b) stage tower followed by Reflux ratio: 0.15
a total condenser
Energy duty: 1750 kcal/hr
The general equilibrium The number of equilibrium stage: 5
Figure 3(c) stage tower followed by Feed stage: 3 0791
igure S a flash drum (partial ~ Temperature of flash drum: 55°C ’
condenser Energy duty: 1500 kcal/hr
Figure 3(d) The packing bed tower T rure: 90°C 0.862
emperature: .
igure with NTU = 5 P

Table 2. The highest COPs obtained in the present simulations under different operating
values of temperature, reflux ratio and the equilibrium stage adopted for the distillation
towers shown in Figures 3(a)-(d) for X = 50/50.

Case study  Generator replacement Operating conditions for X=50/50 COPs for X = 50/50

Figure 3(a) Flash drum Temperature: 94°C 0.657

Th ber of equilibri tage: 10
The general equilibrium € ntimber of equiibrium stage
Feed stage: 5

Figure 3(b) stage tower followed by Reflux ratio: 0.01 0.872
a total condenser
Energy duty: 2000 kcal/hr
The general equilibrium The number of equilibrium stage: 5
Figure 3(c) stage tower followed by Feed stage: 3 0764
igure S a flash drum (partial ~ Temperature of flash drum: 55°C ’
condenser) Energy duty: 1500 kcal/hr
The packing bed tower Temperature: 90°C
Fi 3(d 0.868
igure 3(d) with NTU =5 Energy duty: 1750 kcal/hr

drum (e a partial condenser). The tower equipped with a partial condenser
provides a better separation effect on the water contents in the vapor phase of
refrigerant than that of the tower equipped with total condenser. Therefore, the
former equipment provides higher COPs of the cycle than that of the latter one
in general. The replacement of the generator by the packed-bed tower in this

water-ammonia absorption cycle can give the best COPs.
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