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Abstract

The Energy Tower project proposes the production of electricity through the
exploitation of the hot and dry air found in desert regions of the globe. The
atomization of water at the top of a very wide and tall chimney erected in such a region
would cool the air at the top of the chimney and make it denser. The air would descend
in the chimney at an increasing speed, activating turbines connected to generators at
the bottom of the chimney. Due to the huge quantities of water involved, it will only be
possible to use sea water. The whole process is characterized by the type of droplets
dispersed into the air and the atomizer is what produces the droplets. The smaller the
droplets dispersed at the top of the chimney the more efficient the cooling, the higher
the atomization energy necessary to produce them and the higher the produced energy;
however the smaller the droplets leaving the chimney the further they drift away from
the tower. Droplets falling within a reasonable distance of the tower will be collected
on a paved area around the chimney and the brine will be returned to the sea, but
droplets of salt water drifting to distances beyond the paved area would create a
serious environmental problem.

A method of quantitative comparison between various atomizers for the specific use
that will be made of them in the Energy Towers has been developed. The contradicting
demands for small droplets (high gross output), low atomization energy (usually linked
to bigger droplets), short drifting distance of droplets and of course low acquisition
cost and long life span, has been included in one function. Since the purpose of the
Energy Towers is the production and sale of electricity, the ultimate means of
comparison is the highest income from the tower, however, at this stage of the
research not all the components of cost (erection of tower, turbines, generators, water
supply system) are known. Furthermore the life span of the atomizers is much shorter
than that of the chimney and they are to be considered as part of the current expenses
rather than of the fixed costs of erection. It was therefore decided that the criterion
would be the lowest cost of production (or more precisely the lowest contribution of
the atomization system to the cost of production per kWh) when all relevant factors
are considered: gross output, atomization energy, acquisition cost and flow rate of one
atomizer, number of replacements per annum, air velocity and total flow rate needed at
the top of the chimney. The means and cost of capture of drifting droplets are currently
being investigated by another researcher and are not yet quantified enough to be
included in the cost function.

Five commercially available, off-the-shelf, atomizers were investigated: two rotary,
motor-propelled atomizers (Micromax of Micron-MX, X15 of Micron), one rotary
propelled by water jet (Turbomax of Micron-TX), one pressure atomizer where the
water whirls in a spiral-like conduit (SpiralJet of Spraying Systems-SP), one plain
nozzle atomizer (ConeJet of Spraying Systems-CJ). The net output of MX is low due
to the very high atomization energy it requires. The life span of MX and X15 are the
shortest because of the motor; X15 yields high outputs but its flow rate.is very low.
The net output of CJ is the highest due the small produced droplets, but its flow rate
is low and its life span short. In conclusion, the lowest production costs were those of
TX and SP, TX being the one that would bring about the least problem of salt drift.




CHAPTER 1 - INTRODUCTION

Foreword

The present work is part of a more comprehensive project, that of the Energy Towers,
and is based on both past and present research by members of the team of Prof. Dan
Zaslavsky of the Faculty of Agricultural Engineering. The computer program used to
process the data from the experiments conducted in the droplets laboratory was
written by Dr. R. Guetta for his D. Sc. thesis; the new atomizer has been developed
originally by Prof. D. Zaslavsky and R. Hitron for his D. Sc. thesis and is now being
further developed by Z. Katzman for his M. Sc. thesis. Dr. Hitron is presently
investigating the behaviour of droplets inside and outside the tower, and supplied the
necessary information for estimates of salted water droplets flux outside the tower.

The computer program of Dr. Guetta is based on climatic conditions in the region of
Eilat. The present work is thus based on the same climatic conditions and all
computations have been made for an 800 m high tower (400 m diameter).

1.1 Description of the project

The purpose of the Energy Towers project is to produce electricity by exploitation of a
by-product of solar energy, the hot and dry air to be found in huge quantities in the
arid regions of the globe, without any need for costly collectors.

Water atomized in hot and dry air vaporizes and makes the air cooler and heavier (due
to its water content); the air will thus descend. If the atomization takes place at the top
of a very wide and tall tower situated in a desert area, the air, initially hot and dry, will
become cool and saturated with moisture. It will descend in the tower and gain speed
while sucking more air into it and reach the bottom at high speed. There it will activate
air turbines for electricity production and leave the tower through diffusers together
with the fraction of water that did not evaporate and still has the shape of very small
droplets. Since the volumes of water needed for the project are tremendous it is only
possible to use sea or brackish water.

Due to the relation of droplet surface to mass, the smaller the droplets the more
efficient the cooling process. The air will more rapidly reach a higher water content
and will cool to a lower temperature. Its potential energy will be higher as compared to
that of the air outside of the tower and will reach the bottom of the tower at a higher
velocity, producing more electricity. Not all the water evaporates (the higher the salt
concentration in the water the more energy-consuming the evaporation) and the
remaining droplets will drift away. The very small droplets, of a diameter less than 170
microns (Yaalon & Lomas, 1970) tend to drift away due to air turbulence and their
very low momentum compared to the relatively high drag forces they are submitted to.
They will create a serious problem of salt drift to large distances if not captured before
they leave the diffusers at the bottom of the tower, by either mechanical or other
means.




~

A N
e }/r‘“\ﬂi\' —
g A
|
™y i t
ek
o RN
RN ,/\
/ T Sl \
i ;A Y
_ L A J——
K‘ (A ) ]
R e e S N
= e T 7
[ v
"k /\‘\\ e e ‘,4
\‘L~\\ P s

Figure 1.1 - Schematic description of the Energy Tower
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The phenomenon of droplets collision along the tower is being investigated. It is
possible that due to their charge and their surface tension a significant part of the
droplets will collide and form larger droplets. In this case the smaller droplets will have
virtually no (positive) influence on the energy output since they will be absorbed
rapidly into larger ones, it is even possible that they will create a problem due to their
high cost of production and the distances that they will drift when not absorbed. There
are no legal requirements concerning the level of salt droplets in the air, only
requirements concerning the dust level in the air. It is thus reasonable to set as our goal
the reduction of the level of salt drift in the vicinity of the tower to an acceptable one,
say that of the seashore or even a certain distance from the seashore.

Both the costs of atomization and of salt drift prevention are strongly linked to the
kind of water droplets, and these are dependent on the chosen atomizer. The ideal
would be an atomizer producing a monodisperse spray of the required diameter,
without any danger of clogging, at a low cost of droplet production, with a very long
life span; this in order to produce the highest quantity of electricity at the lowest
operation cost, with the lowest level of salt drift. Practically, there is no atomizer
fulfilling all our requirements. It is thus necessary to determine for each one its overall
value to the project in terms of produced electricity and cost of salt drift prevention.

The type of atomizer determines the type of water droplets. Most pressure atomizers
produce comparatively small droplets, at a low energy cost, but they give wide
distributions of droplets diameters and the nozzles may get clogged. Other pressure
atomizers have wider openings. The risks of clogging are negligible but the produced
droplets are significantly larger. Rotary atomizers produce small, comparatively




uniform droplets, but they do so at comparatively low flow rates and at a high cost of
energy.

1.2 Purposes of the present work

The purpose of the present work is to develop a method of quantitative comparison
among various atomizers for the specific use that will be made of them in the Energy
Towers. Since the purpose of the Energy Towers is electricity production, the means
of comparison between atomization systems will be the lowest cost of production (or
more precisely the lowest contribution of the atomization system to the cost of
production), when all relevant factors are being considered. The other components of
cost of production are the costs of operation of the turbines, of the generators, the cost
of returning brine to the sea, and maintenance costs of all these systems. It is worth
stressing that atomizers should not be considered alone but together with their motors,
when they need motors, with the water supply system and possibly also considering the
structure that will support atomizers, motors and pipes. However, since the total
amount of water necessary for the operation does not vary significantly from one
atomizer to the next, and since the weight of atomizers and motors is very small when
compared to that of the structure itself, it will be assumed in this work that the
structure (and the pipes) are identical for all atomizers so that their costs are identical
for all atomizers and do not have to be taken into account in the comparison. Similarly,
the control system will be assumed to be identical in all cases, although this assumption
is less acceptable than the previous one since the type of atomizer, whether it is motor-
propelled or not, the total number of them and their allocation in batches, may bring
about significant differences in the control system. Investigation of the control system
is beyond the scope of the present work and it will thus be assumed, as for the water
supply structure and the structure, that it is similar for all atomizers and does not have
to be taken into account in the comparison.

1.3 Quantitative comparison of atomizers for the project

Not all of the characteristics of an atomizer have a direct influence on energy
production, and not all can be measured nor have they even been crudely estimated.
The energy consumption of the atomizers for example, be it pressure, electricity or
both, can be directly included in the computation of the output; however other factors
are more difficult to assess quantitatively and to include in the cost per produced kWh.
Furthermore, the conditions of operation in the Energy Towers are unlike anything else
that has been erected until now, and it is thus not possible to gain all the necessary data
from other more conventional uses.

The cost of salt spray prevention at the exit of the towers is difficult to assess and its
investigation has not been completed. Tiny salted droplets may be captured by a
shower of larger droplets in the diffusers after the turbines, flat boards may be installed
in the diffusers thus reducing the effective path of the droplets and a callecting area
may be paved outside the tower for brine drainage. Each of these methods will be
costly, first in installations to be built and operated, and second in reduction of net
production. As for the structure itself, the construction of the diffusers or of the
drainage system are initial investments whose cost should be spread over the expected
life span of the plant with appropriate discounting. The cost of showering the drift in




the diffusers, or the use of flat boards may also include a component of pressure
reduction and production reduction in addition to their construction and operation
costs. The return of the collected brine to the sea, however, will be energy-saving since
the pressure head can be used for electricity production.

Most rotary atomizers have a serious drawback since they are operated by motors.
Those motors will operate in a highly humid and saline environment where their
functioning may be seriously impaired within a comparatively short time and they
consequently may drastically decrease the reliability and availability of the atomization
system. Whether operated by electrical motors or otherwise, all rotary atomizers will
be spinning on bearings, and these bearings are likely to be among the first parts of the
atomizer that fail.

The life span of atomizers and motors in work conditions close to those of our project
are not known. It is possible, however, on the basis of their actual life spans in other
applications, to roughly estimate their life span in the tower. It is also possible to
conduct accelerated tests in order to evaluate it although it is difficult to determine the
rate of acceleration when so many factors (salt, stone, temperature and temperature
gradient, radiation, wind) influence the aging process. The work conditions in the
tower also have what may be called contradictory effects: the duty factor is high
(practically 100%), but the very fact of continuous work may avoid the problems
expected at down-time such as the drying of salt in or on the atomizers and the
accumulation of moisture in the cold motors. Furthermore for very long life spans even
accelerated tests would last hundreds of hours and their cost would be proportionately
large.




