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The present inventicn relates to a process for
Lhe utilisation of the heat contained in thermal
or anyhow warm waters with the object of pro-
ducing motive power.

Object of the Invention 1s equaliy a device al-
lowing the realisation of such a process.

Begides thermal waters there may be consid-
ered as sources of thermic energy, to be utilised
asecording to the invention, warm waters in gen-
eral as for instance waste waters of Industrial
works and the like. The warm water at disposal
has to be in presence of & convenien{ source of
cold water or in exceptional cases in presence
of cold alr.

A form of realisation of the invention is illus-
trated in the accompanying drawing in which
the only flgure schematically shows an installa~
tion where the heat is utilised for actioning a tur-
bine.

With reference to the drawlng the warm water
vields heat through metallic walls in a serles of
evaporators 1, I, 1’ .. . disposed in a cascade
cycle evaporlsing a fluld of a high molecular
welght and having an ebullltion point of 760 mm
mercury near to the atmospheric temperature
consldered about 15° C. A convenient fluld may
be the normal butane with a molecular weight
58 (18 being the one of water), bolling at the
atmospheric pressure of one centigrade. The
water i through the connecting plece 1 admitied
into the tubes of the first evaporator | at the
temperature Th1 and exists &t outlet 8 after yleld-
ing heat to the liguid In ebullition at the tem-
perature Ta<T:. The ebullition temperature of
the fluld contalned in the hody of the evaporator
i is slightly smaller than Ta the difference being
of some degrees centigrade for the good utilisa-
tion of the transmission through the wall. Be-
fore flowing to the subsequent evaporator I’, the
water at the temperature T2 feeds a pre-heater
2 of the motive lHquld feeding the first evaporator
taking the lguld from the second pre-heater 2’
by means of a pump 3. The tepid water is then
admitted in 1’ into the evaporator I’, from which
after yielding heat to the fiuld thereof exlsts in 8°
at the temperature Ta<Ta. The temperature of
evaporation in I’ is slightly smaller than Ts for
the sald reasons. The water at temperature Ta
flows across a hew pre-heater 2° and passes to
the thin evaporator 1’’ and so on till it is defl-
nitively discharged after flowing through a last
pre-heater 2’* fed by the condenser 6 through
the pump 3'. The number of evaporators may
be fixed In an arbitrary way. Each pre-heater
takes liquid from the inferior pre-heater in such
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a quantity that tt will be sufficlent for all the
superior evaporators. The dellvery of the differ-
ent pumps 3’’, 3’, 3 is consequently decreasing
ag the temperature of evaporation increases,

The elastic fluid is selected among those with
a high molecular weight on the base of the physi-
cal prinelple that the discharging speed of a
saturated vapour in an adiabatic expansion be-
tween two temperatures is with a good approxl-
mation inversely proportional to the square root
of the molecular weight of the same vapour; con-
sequently with the butane and isobutane, molecu-
iar welght belng 58, there may be obtained in the
useful interval of temperatures for tepid waters,
namely between 100° C and 15° C, discharging
speeds about the half of those to be reached with
the steam in the same inierval of temperature
(molecular weight of water being 18).

Furthermore butane as well as isobutane are
chosen owing to thelr characteristic thermody-
namic propriety that in an adiabatic expansion,
when starting from a saturated, dry vapour at
the temperature T lnstead of obtaining at the
temperature T: a damp vabour, an overheated
vapour is obtained, the superior limit curve In
the entropy temperature diagram having, in the
useful interval of temperature, that is between
10 and 100° C, the characteristic of an<entropy
increasing with the temperature. On the con.
trary the greater parg of the other fluids present
the superior limit curve with a decreasing entropy
a5 the temperature increases,

This characteristic propriety allows in those
machines which In absence of overheaters susn-
ply vabour geherally saturated and damp, to pro-
duce, after the expansion, vapour deprived of
humidity. The absence of humidity allows to
suppress the braking and corroding action of the
fluld on the turbine impeller, while the low dis-
charglng speed of the vapour allows the cholce
of a pure steam action turbine comprising an only
wheel with a simple crown of blades though
preserving a very good proportion between the
peripheric speed of the wheel and the discharging
speed of the vapour, equal to about 0,5. This
could not have been possible with water steam
reaching in sald interval a discharging speed of
about 1000 meters a second and s remarkable
humidity after the adiabatic expansion.

The different evaporators are not Alled with
butane or other fluid of the same kind, but they
contain water put into active circulation within
the evaporator by means of convenient pumps
i4, 14°, 4,

The butane or another lquid of the same type
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is Injected by the feeding pumps under the shape
of very small drops, that is minutely fractioned,
s¢ that there is obtalned with the water con-
tained in the evaporator a species of emulsion.
In such a way the water contained in the evapo-
rator, owing to the high speed impressed by the
circulation pump, relatively to the heating sur-
faces, allows & high coefficient of heat trans-
mission between water and walls, while the mi-
nutely fractioned liquid, to be evaporated, estab-
lishes a very large separating surface hetween
water and liguid, which, not being mixable in
the water, evaporates with a total great coeffi-
cient of transmission.

The different water fed evaporators at a grad-
ually decreasing tempetrature have consequently
evaporation pressures, which, owing to the very
small partial pressure of the water steam con-
talned in the evaporator, may be considered as
those of the saturated vapours of hutane at the
temperature taken by the internal water. These
evaporation pressures of the butane will be, on
thelr turn, decreasing from the first to the last
evaporator. Supposing p, »’, »’’ . .. are the pres-
sures respectively corresponding to I, 1’, 1’7, ..
each evaporator feeds through the tubings 10,
10°, 10° .. . the nozzles 4, &', 4"’ .. . of the only
turbine b disposed on a circumference concentric
with the shaft 8. In each series of nozzles, the
vapour, which may be considered of butane ex-
clusively 1s expanded from the initlal pressure of
the respective evaporator to the final ps, the
only one for all, that is the one reigning in the
condenger B and fixed by the quantity and tem-
perature of the c¢old water at disposal. This
water 1s admitted in the condenscr In (1 and
discharged in 12,

Consequently in the nozzle or serles of nozzles
4 the vapour 1s expanded between the pressure p
and the pressure »?, in 4’ between the pressures p’
and p* and so on. As the pressures p, p’, p’’ are
decreasing, the drops of pressures in the different
nozzles are also decreasing and the discharging
speeds of the different series of nozzles are equal-
1y decreasing from 4 to 4’ to 4’ . . .. Bupposing
C, C’, ¢’ to be the respective discharging speeds
of the different series of the nozzles, all the series
of nozzles feed all together an only action wheel
with an only crown of blades 8. The nozzles are
disposed In such a way that they may approach
little by little the centre as their respective dis-
charging speed is smaller. In this manner each
serles actions the blades of the turbine on & cir-
cumference of a gradually smalier radius and
eonsequently with a gradually smaller peripheric
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speed. The distances from the centre of the dif-
ferent series of nozzles are such, that If ¢, ¢, C*’
are the respective discharging speeds, they hit the
blade in such points that

o/, o/, ur/er ... =2

U, U, U” ... belng the respective peripheric
speeds In said points, and Z being, for an action
turbine with an only wheel and a simple crown
of blades, the very good ratio between the periph-
erlc speed and the discharging speed equal to
L2 €os a, a being the angle made by the jet with
the plane of the wheel.

The blades may be consequently constructed
with a constant inclination, that is comprising an
only cyHndric surface to be easily obtained.

The vapour discharged from the nozzles, after
working In the wheel, Is discharged at the com-
mon pressure pz2 through the channel 13 of the
common condenser 8 from which, after the con-
densation, is sent back through the pump 3’* to
the different evaporators through the pre-heat-
ers.

The temperature of evaporation in the different
evaporators ig fixed as follows:

If T: is the absolute temperature of the warm
water at the admission in the filrst evaporator
and T: the temperature of the cold water at the
exit from the condenser, supposing Af the min!-
mum diminution of temperature owing to the
heat transmission through walls relating to the
extension allowable of said temperature, suppos-
Ing To=T:—At and Tv="T7+AtL, if the evaporators
are in number of n the absolute temperatures of
evaporation of the 1st, 2nd, 3rd . . . »nth evapo-
rator indicated hy Ti, Ta, Ts . . . Ta there result:

T, ="NTsT,, To="T71T¥,
Ty="NTo T, . . . To="WTTy
and for one whatever evaporator
T, ="NT T

corresponding to the conditions of maximum ef-
ficlency of the system of n evaporators. The
number of evaporators may be even reduced to
one, the general formula preserving its value,
The present invention has been illustrated and
described in & preferred form of realisation but
it is understood thet constructive changes may be
practically introduced therein without surpassing
the Iimits of protection of the present industrial
patent,
LUIGI D’AMELIO,





