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Abstract

A graduate engineer, with adequate engineering background, is capable
of designing an object, or part of a system or machine; and setting it
three-dimensicnally to scale on a drawing sheet. Nevertheless, he soon
realizes that such statical three-dimensional conception is not enough
to endure a practical design capable of sustained operation, within

such system, without unnecessary failure.

Such 1lack of experience has been previously explained by us and was
forwarded in the form of the fourth as well as a fifth dimensional
parameters. Both parameters, however, add up to form the dynamical
part of the engineering design problem; normally referred to as the
designer's experience or know-how. Through their proper application in
the design process; the graduate engineer is able, in our opinion, to
successfully breach the gap of his practical experience in the easiest

and shortest possible time.

Nevertheless, the system itself or machine undergces a continuous

process of evolutions in order to reach maturity and hence the object
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Morecver, should the pressure inside such deaerating surge tank be set
at a pressure below atmespheric; then venting must naturally be done
tc a still lower pressure part of the system; being in this case the

cendenser (Fig. 3).

iii. Third Evolution (Deaerator Above Atmospheric Pressure)

The main disadvantages of the previocus evolution, meanwhile, could

well be set as follows:

- Eventhough the vented air passes through the condenser and hence to
its air ejector; yet all the water vapour passing to the condenser

via such vent losses its latent heat to the cooling sea water.

- The resistance ¢f the "air and vapour" flow should be kept very
low. This means, in turn, that a very large pipe (ceonduit) or an
extremely short run or both; has tc be accounted for in its design;

and this is often inconvenient.

Consequently, the fitting of a deaerating surge tank, above
atmospheric pressure, would overcome most of the previous
difficulties; besides ensuring that all the latent heat of

vaporization of the beciled water is saved. In addition, the collected

air in the deaerator can simply be vented to the atmosphere.

iv. Fourth Evolution (Vent Condenser)

Since for the proper deaeration of the previcus system (Fig. 4) the
boiling of the water inside the surage tank is needed; then valuable
water is lest to the engine room in the form of fog which beside being
extremely annoying 1is dangercus. In addition, it becomes quite

impocssible t¢ obtain a perfect heat balance of the dearating unit and
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being bled from different parts along the steam turbine (Fig. 5). This

results, in turn, in more definite advantages; namely:

- The turbine blading design becomes more rhgged; since smaller
amcunt of steam is passing through the turbine low pressure end.

- The size and cost of the turbine exhaust is less.

- The sizeéocst of the condenser decreases.

Summing up, the quoted example manifests the simple method followed
here 1in achieving the continuous evolutions needed to convert a
typical fundamental feed system into a practical, workable as well as
efficient system. It should be noted, meanwhile, the clear evidence of
the direct application of not only the fourth dimension; but also the
proposed fifth dimensional conception, suggested in a previous paper,
as affecting the design procedure all along the undertaken

evolutionary steps.

II Boiler Evolution

From the simple observation of the formation of a steam bubble in
water, 1inside a heated vessel, one could easily predict why steam
boilers have evolved from the early fire tube versions to the most
sophisticated water tube types now in use. Eversince a bubble is
formed in the vicinity of fire till it reaches the surface, passing up
through the medium of water (Fig. 6), it was realized that the first
zone 1s most important for steam production; while the third zone is
needed for steam collection; whereas the second zone serves merely as
a conveying medium. Based on such background, the steam boiler

evolution cculd, in our opinion, best be contemplated.

As such, the steps followed were based on weighing both the advantages
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as well as the disadvantages of the design arrived at in each
evolutionary step. Whereas, the advancement in the design followed
closely, as proposed here, those of converting their respective
disadvantages into feasible, practical as well as more efficient

design criteria.

i. First Evolution (Fire-tube Boilers)

The first from of practical application for the effective steam
generation 1in a boiler would thus be realized by making use of the
less effective second zone as a space for fire or what might be termed
boiler furnace. Consequently, the heating surface of such cylindrical
furnace becomes a first zone thus helping in speeding up steam and
bubble formation; while the third zone is left at the top of the

cylindrical vessel to collect the resulting steam.

Further evolutions, however, come in the form of an additional
"combustion chamber" as well as tubes through which fire is conveyed
to the chimeny; and thus both contribute more to the steam and bubble
formation process. Moreover, the addition in the design of two, three
or even four furnaces; together with their respective combustion
chambers and fire-tubes, is yet another evolution in this respect to
reach what is better known as the "Scotch" marine boiler which was

extensively in use early this centuary.

Certain advantages are gained by the use of such fire-tube boilers;
namely ease of maintenance and ability of using raw or even mere salt
water in case of emergency. However, several disadvantages are
obvious; namely the large space occupied as well as the increased
thickness of the large diameter outer shell in order to cope with the

ever increasing pressures needed for larger engine powers, thus resuling
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connecting also the two drums, helped greatly the water circulation of

such type of boiler.

Other evolutions which followed, however, were the introduction of the
mono-wall construction as a more efficient design of water walls;
besides the elimination of the heavy and bulky brick-work inside the
boiler furnace. Evolutions in the heat recovery equipments, in the
form of economizers and air heaters, are yet further milestones which
helped to evolve such type of boiler into amore efficient and economical
means of steam production. The subsequent evolution, however, of both
the regenerative as well as the steam-air preheaters are also worth

mentioning.

iv. Other Boiler Evolutions

Still other evolutions in steam generation and control, in the boiler
design, also followed. Mention is given here to few such advancement;
particularly those related to the use of reheaters, attemperators,
etc. Moreover, the evolution of the topfired boiler as well as the
external superheater designs of the ESD-type; not to mention the
fluidized-bed boiler are yet milestones in that continuous

evolutionary process.

It should be emphasized, however, that each of the former evolutionary
steps was arrived at by simply weighing both the advantages as well as
the disadvantages of the previous design; before converting their
subsequent disadvantages into remunerative advantages. Moreover, the
application of both the fourth as well as the fifth dimensional
conceptions, at the different evolutionary steps of the boiler design

development, is obvious in helping to achieve that end.
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