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Abstract

Water is a natural resource essential for life and for most economic activities developed on earth. Population
growth and lack of water in some regions of the world has led humans to design and implement new
technologies to use water in an efficient way. Water quality requirements in the industrial sphere are higher
everyday. Development of desalination technology through a water purification system integrated to heat pumps
has taken more than two decades. Absorption heat pumps use low quality energy in a waste heat form and a
small quantity of high quality energy. This characteristic has made possible using these systems in quite a few
places. The following work presents the results of the experimental tests applied to a portable water purification
system integrated to a heat transformer (TTAPPA), where the low quality waste heat is simulated and LiBr-
water is used as a working solution.
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1. Introduction is vast, water depuration and desalination allow
an acceptable social rise. Unfortunately, those
technologies require huge economic investments
and, therefore, only high development countries

Water is an essential factor for life and for
economic activities developed on earth because
its presence is vital for agriculture, industry and

3 . . . can afford them.
social growth. In regions where its consumption In national and international industrial pro-
*Corresponding author cesses an important amount of energy is con-
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sumed for the thermal treatment of the product.
Most of this energy is obtained from fossil
combustion, and some non-desirable gases and
low temperature-waste heat are obtained as sub-
products, which contribute to atmosphere pollu-
tion.

In order to diminish and prevent atmosphere
pollution, several investigations have been
carried out to use low temperature-waste heat.
The first basic ideas about design and function
of heat transformers were presented earlier in
the 20th century [1].

In Mexico the first development of water
purifying units assisted mechanic-compression
heat pump took place in 1987 [3], with satis-
factory experimental results. A second purifica-
tion unit integrated to an absorption heat pump
was designed, constructed and operated by a
team of researchers from the Geothermal de-
partment at the Instituto de Investigaciones
Eléctricas of Mexico, with satisfactory experi-
mental resuits [11].

Purification systems-assisted absorption heat
pumps have several advantages over conven-
tional purification systems:

o They can be operated with low quality-waste
thermal energy. For instance, a heat trans-
former can work with a low quality-waste
heat of 65°C and send it to the purification
system at a temperature higher than 97°C.

o They are simple and can be portable in a
small transport.

o The requirement of a low electric energy
supply and a waste heat of 65°C or higher.

« Its maintenance requirements are of low cost.

o They produce a high purity product.

o They can be adapted to another chemical
process.

2. Heat pump

A heat pump is a machine that extracts heat
from a heat supply at a certain temperature and
leaves it in a heat drain at a higher temperature.
It works on the same principles as a re-

frigerator, both of them produce heating and
cooling at the same time. The difference is that
refrigerators are specifically designed to cool
while heat pumps are designed to produce high
temperature heat from the extraction of low
temperature heat, which can come from waste
heat industrial processes.

To raise the temperature obtained from a
low quality source, it is necessary to apply a
small quantity of high quality energy to the heat
pump, such as mechanical or thermal energy, at
a relative high temperature [4]. This contributes
to the reduction of contaminant emissions, such
as carbon dioxide (CO,) and methane (CHy),
main gases on the green house effect, besides
sulfur dioxide (SO,) and nitrogen dioxide (NO,),
which contribute to the acid rain.

There are three principal categories of heat
pumps:

e Vapor mechanical compression.

« Absorption.

o Inverse absorption (heat transformer, therm-
al transformer or heat amplifier).

2.1. Vapor mechanical compression heat pump

Due to its high yield this is the most useful
heat pump. It can be used for heating as well as
for cooling. The main components of this kind
of pump are: a compressor, an evaporator, a
condenser, an expansion valve and a working
fluid.
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Fig. 1. Schematic diagram of a compression heat pump.
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Its thermodynamic cycle is shown in Fig. 1.
This pumps works as follows: The working
fluid evaporates in the evaporator (line 1-2) at
Tzy temperature, extracting an amount of heat
Oy from the environment which can be in
solid, liquid or gas state. The working fluid is
compressed (line 2-3) and gives latent heat Oco
at a higher temperature Tco in the condenser
(line 3-4). Compressed working fluid is ex-
panded through an expansion valve (line 4-1)
and returns to the evaporator. At this moment
the cycle is complete.

Coefficient of performance (COP) is the
ratio between the heat flow given at the con-
denser Qcp and the power supplied to the
compressor W, (Eq. 1).

_Yco
COP= - Y]

2.2. Absorption heat pump

The absorption heat pump works with the
thermodynamic cycle shown in Fig. 2. High
temperature energy is supplied (7¢g) to the gene-
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Fig. 2. Schematic diagram of an absorption heat pump
with 3 temperature levels and 2 pressure levels.

rator, in which the working fluid is partially
separated from the absorbent. Working fluid
changes to liquid phase in the condenser (7o)
and goes to the evaporator (which is at a lower
pressure than the condenser) where it changes
to the gas phase at a lower temperature (7zy)
given by the waste energy supplied.

Steam coming from the evaporator is con-
ducted to the absorber where it comes into con-
tact with a working fluid-absorbent stream
coming from the generator, producing heat at a
temperature 7z higher than Tgy.

The coefficient of the performance of a con-
ventional absorption heat pump can be defined
by the following equation:

COP = (QCO + QAB) (2)

GE

2.3. Heat transformer

The thermodynamic cycle of the heat trans-
former is shown in Fig. 3, where medium tem-
perature energy is supplied (T¢z, Tsy) to the gen-
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Fig. 3. Schematic diagram of an absorption heat trans-
former with 3 temperature levels and 2 pressure levels.

erator and evaporator. In the generator a partial
separation of the working fluid from the
absorber concentrated solution in working fluid,
takes place. In the condenser the working fluid
changes to liquid phase and then is pumped to
the evaporator (which is at a higher pressure
than the condenser and the generator) where it
is evaporated and then conducted to the absor-
ber, where it comes into contact with the
mixture pumped from the generator, producing
heat at a temperature 7,3 higher than Tgy. Its co-
efficient of performance is defined as [Eq. (3)]:

o
COP = —— 3
Qe + Oy )
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2.3.1. Refined heat transformer

A refined cycle of an absorption heat
transformer of one stage (Fig. 4) consists of one
basic cycle with a heat exchanger situated bet-
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Fig. 4. Schematic diagram of an absorption heat trans-
former refined cycle with 3 levels of temperature and 2
levels of pressure.

ween the generator and the absorber. Its objec-
tive is to preheat the solution that is conducted
to the absorber by using part of the fluid’s
energy coming from the absorber. This exchan-
ger raises the cycle’s efficiency depending on its
effectiveness [7].

The coefficient of performance of a refined
heat transformer is defined by Eq. 4:

cop=—La5__ C))
Oce +Opy

3. Experimental equipment description

The TTAPPA was designed using a simula-
tor [8]. The power considerations were: 1 kW in
the evaporator, 1 kW in the condenser, 0.7 kW
in the generator and 0.7 kW in the absorber.
Stainless steel 3161 was used for its construc-
tion. Its dimensions were 120 cm x 80 cm x
150 em. A thermostatic bath was used in order
to simulate waste heat [2].

Fig. 5 shows the diagram of water purifi-
cation assisted heat transformer. Water from the
impure water tank takes heat from the absorber
(Q4p), returning to the tank ina liquid-steam
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Fig. 5. Schematic diagram of water purification inte-
grated to a heat transformer.

mixture. The steam is sent to the auxiliary con-
denser, where it is condensed to obtain distilled
water. Then the heat obtained in the auxiliary
condenser is recycled to the heat transformer
[6].

In this case, where total absorption heat
(Qup) is recycling, the heat supply required for
the heat transformer (Qgr + Qgy) is diminished
by the quantity Q4s. Then a new COP is de-
fined as follows (Eq. 5) [9,10]:

Q.
COP,, = 5
v Qor + Qv —CQus ®

4. Experimental tests description

+ The steady state condition was considered
when temperature, absolute pressure, elec-
tric energy and mass flow rate did not show
higher than 5% in their lecture variations
amongst each other, over a period of 30 min.

o When a steady state was reached in the
TTAPPA, the parameters’ values were regis-
tered for a period higher than 20 min.

e A previously refraction index test was mea-
sured for each mixture obtained from the
absorber and generator for each experi-
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mental test. The concentration was obtained
through a refraction index correlation ob-
tained for the concentration values between
50-61% of the LiBr-water solution [6].

5. Results

Temperature behaviors for each experimen-
tal test are similar to the ones illustrated in Fig.
6, where the transitory and steady state can be
appreciated.
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Fig. 6. Temperature behavior for a 55% LiBr-water so-
lution.

Thermodynamic water properties used in the
TTAPPA experimental evaluation were taken
from the NIST/ASME steam software, version
2.2. Thermodynamic properties of LiBr-water
mixture were taken from Alefeld [12].

A resume of the operation parameters used
in the experimental test is shown in Table 1.

Fig. 7 shows that the COP is raised when it
mixes with the increased concentration of solu-
tion in the absorber. This is explained by the
fact that at higher concentrations, the absorb-
ent’s exothermic capacity is higher too, raising
the absorber’s heat. The COP value increases
because it is directly proportional to the absor-
ber heat and inversely proportional to the total
heat supplied in the generator and evaporator.

In Fig. 8 when X5 increased, the heat ob-
tained by heat transformer (Quz) is also in-
creased then the COPyp increases when X,z
also increased (see Eq. 5).

Table 1

TTAPPA operation limits

Operation parameters, °C Minimum Maximum
Tox 70.7 75.8
Tco 31.7 34
Tey 62.5 72.5
Ty 96.3 98.4
Operational parameters, %

XoE 52 56.3
Xyp 49.8 55.5
Operational parameters, kPa

P 7.4 9.9
Pys 26.7 34.4
Operational parameters, W

Oce 871 1124
Oco 332 975
Oev 659 1048
Oun 161 368
Operational parameters,

ml/min

My 167.9 388.1
Mg 1524 366
Mco 8 234
Impure water 181 418
Operational parameters

COPyp 0.099 0.296
Ccop 0.09 0.228

Fig. 9 shows the COP behavior regarding
distilled water production. When COP increases,
distilled water production increases too. The
same results were obtained using a compression
heat pump [3] and an absorption heat pump [11]
for water purification.

Raw water used in the water distillation cir-
cuit and distilled water obtained from the ex-
perimental test, were chemically analyzed to
determine the chlorides and sulfate concentra-
tions, pH and electrolytic conductivity, using the
standard norms. The results were satisfactory
and are shown in Table 2.

Water analysis results are shown in Table 2.
It can be appreciated that chlorides and pH
values are lower for the distilled water.



390 A. Huicochea et al. / Desalination 165 (2004) 385-391

0.3

0.2

.
-
-’

COP (dim)

014 o

.
.
’y

0.0 T T - T

Fig. 7. COP as function of Xz.

c4

03 .

] I
go24 e .
- T ¢
...... .
0.1 - AR
00 - "
49 5% 51 82 8 o4 55 56
X (%)

Fig. 8. COPy; as function of X,3.

0.3

0.2 1

*
e
.
Py

«*
.

COP (dim)

o

01 - e

.

0.0

150 200 250 300 380 400 450 500
water production (mhr)

Fig. 9. COP as a function of distilled water production.

Electrolytic conductivity in distilled water drops
by 90% with respect to raw water. Distilled wa-
ter quality is similar to that obtained in a labo-
ratory distiller. Water purification using heat
pumps gave similar results [3,11].

Table 2
Water analysis results of the portable water purification
system

Parameter Raw water Distilled water
Chlorides, Cl 2.15 mg/L. 0.72, mg/L
Sulfates, SO, <5 mg/L <5 mg/L

pH 7.3 unidades 5.34 unidades
Electrolytic 121 pmhos/cm 11 pmhos/cm
conductivity

6. Conclusions

Analyzing the results obtained with the
TTAPPA, we can conclude that:

o The heat transformer integrated to a water
purification system works with waste heat
temperatures from 68—-78°C.

o The distilled water quality is similar to those
obtained from a laboratory’s electrical dis-
tiller.

« The system is able to use other working
mixtures in order to improve the COP

values.
Symbols
COP — Coefficient of performance, dimen-
sionless
P —- Pressure, kPa
Q — Heatflow, W
T — Temperature, °C
W — Power, W
X  — Concentration, % weight
Sub-Index
4  — Absorber
co — Condenser
gy — Evaporator
¢e — Generator
soo — Solution

wp — Water purification system
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