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To a// 11:f.or?, ?? ?? ?; conce77.: 
Be it known that I, CHARLESALEXANDRE 

BOURDON, of the city of Paris, France, have 
invented an Improved Ejector Condenser Ex 
hauster, (for which I have Qbtained Letters 
Patent in France for fifteen years, dated July 
18, 1896, No. 258,173,) of which the following 
is a full, clear, and exact description. 
This invention relates to what may be 

termed an ejector condenser exhauster’ for 
producing a vacuum in receivers or condens 
ers, and possessing the following advantages: 
first, low consumption of power; second, re 
duced expenditure of water; third, absence 
of parts requiring adjustment or attention, 
and capability of being at once set in action 
at any moment, even after prolonged stop 
page. 
Exhausters and condensers in which the 

Vacuum is produced by the passage at a high 
Velocity of Water through a converging and 
diverging conical nozzle are known, but here 
tofore the water, whether set in motion by 
a centrifugal pump or by the effect of the 
vacuum produced by the condensation of the 
steam, has always been lost on leaving the 
ejector. The volume expended is consider 
able and the Water is ejected at a temperature 
much lower than that which it may without 
inconvenience attain. 

In order to remedy these objections, I have 
connected the extremity of the diverging cone 
of the ejector with the suction of a mechan 
ical means of imparting to the mass of water 
the velocity with which it should pass through 
the nozzle in order to produce the suction re 
quired. By this means the Work of aspira 
tion is performed by means of this mass of 
water, which is caused to circulate mechan 
ically with a considerable velocity in a closed 
circuit in which the nozzle is situated. The 
liquid mass therefore returns with its acquired 
Velocity to the mechanical apparatus, which 
maintains its motion, but which has only to 
compensate for the loss of pressure produced 
during one passage through the circuit, so 
that the motive power absorbed by the appa 
ratus is reduced as far as possible. 

It is to be observed also that, this mechan 
ical work of aspiration being performed as 
efficiently by a current of hot as of cold Wa 

ter, the temperature of the water circulating 
in the closed circuit may be allowed to rise 
to a tolerably high degree and absorb a large 
quantity of steam, and consequently the ex 
penditure of water is less than with the ordi 
nary kind of ejector condenser. 

If motion is imparted to the water by means 
of a centrifugal pump, the mixture of water 
and aspirated air is, so to speak, turbined 
in passing through the pump. By the effect 
of centrifugal force the air tends to remain 
at the center of the pump while the water is 
projected to the circumference, so that in 
order to get rid of the air it is only necessary 

?? 

to connect the central part of the pump with 
the exterior by means of two pipes opening 
into the pump at a short distance from the 
shaft of the pallet-wheel. 

If the apparatus is a condenser, a certain 
quantity of cold water is added continually 
to the circulating-column by means which 
will be described in order to prevent the tem 
perature rising beyond to a point at which a 
sufficiently-high vacuum could not be ob 
tained. The addition of cold water may be 
effected by injecting it at any suitable point 
in the delivery-pipe of the centrifugal pump. 
In working thus a volume of water equal to 
that added must flow out of the circuit, which 
it may do by the air-escape pipes. 

In the drawings, Figure l is a broken-away 
side elevation of a condenser embodying my 
invention, the operating parts being shown 
partly in section. Fig. 2 is a broken-away 
end elevation of the same, also partly in sec 
tion. Fig. 3 shows the condenser apparatus 
and a surface-condenser apparatus in eleva 
tion. Fig. 4is a broken-away detail side elle 
vation of the surface condenser, and Fig. 5 
is a plan of the apparatus shown in Fig. 3, 
partly in section. 

Referring now to the accompanying draw 
ings, forming part of this specification, in 
which Figs. 1 and 2 are sectional views show 
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95 
ing in detail the construction of condenser, it 
Will be seen that it consists, essentially, of 
the converging and diverging conical ejector 
A and the centrifugal pump B, driven either 
by a belt or motor at a speed suited to the 
vacuum to be obtained. The delivery of the 
pump is connected to the inlet of the conver 
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ging cone of the ejector, while the mouth of 
the diverging cone is directly connected to 
the suction-pipe of the pump. ?? 
The double-conical ejector A may be placed 

either vertically or horizontally, preferably 
in the former position. From each of the 
suction-chambers of the pump lead the dis 
charge-pipes b b". Between the converging 
cone Ct' and the inlet to the diverging cone of 
the ejector Athere is a series of conical rings Cl 
projecting the one into the other, but with ill 
tervening annular spaces at which the steam 
which condenses in the Water and the air to 
be carried along by the water are drawn in. 
The water is delivered by the pump into 

the chamber C, from the bottom of which leads 
the converging cone c' of the ejector A. Cold 
water is supplied to the apparatus by a tube 
D and may enter into circulation in two ways, 
either by a second doubly-coned ejector E. Ol' 
by an injection-tube H, from which the cold 
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Water is rained down on the chamber of the 
ejector A, the simultaneous supply in both 
ways being favorable to the condensation of 
the Steam. E, like A,is a doubly-coned ejector 
having between the converging and diverging 
cones a number of conical rings projecting into 
each other and separated by spaces producing 
Successive aspirations. The supply of Water 
thereto may be intercepted or regulated by 
means of a valvee, operated by a hand-wheel, 
the valve being provided with a regulating 
needle. The diverging cone of this ejector 
opens at the center of the smaller end of the 
converging cone Ct'-that is to say, at the point 
where the suction produced by this ejector is 
greater. The cold water thus enter’s E at a 
high velocity due in part to the vacuum pro 
duced by the condensation of the steam and 
in part to the suction produced in the ejector 
E by the passage into A of the water deliv 
ered by the centrifugal pump. From this it 
will be seen how greatly the aspirating power 
of the ejector E is increased relatively to 
that of A by reason of the high velocity of 
the cold water which traverses it. In this 
Way cold Water is caused to enter the circu 
lation of the closed circuit, while utilizing 
the very powerful suction which it is capable 
of producing and by causing it to condense 
a large quantity of steam of which its low 
temperature enables it to absorb the heat. 
The suction-chambers of the two ejectors are 
shown as being connected by a tube G. 
Thus constructed the ejector condenser 

may be considered as being formed of two 
ejectors, whereof A absorbs the air which en 
ters the condenser and all the steam per 
mitted by the temperature of the Water pass 
ing through the suction-rings of the ejector, 
while E completes the condensation of the 
Steam to a temperature which is determined 
by the greater or less quantity of cold water 
supplied to this second ejector and the tem 
perature of this water. 
The second arrangement, described for in 

troducing cold Water into the ejector con 
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denser consists in projecting the water in the 
form of rain in the suction-chamber of the 
ejector A. For this purpose a tube, such as 
II, may be used, and the Water so injected con 
denses the steam, and the whole is drawn 
through the ejector A, which at sanae time 
draws in the air contained in the condenser. 
In this case the cold Water surrounds, so to 
Speak, the hot water put in circulation by 
the pump, while in the previous case the cold 
water after having passed through E entered 
the center of the jet of hot water circulating 
in A. This last condition is favorable to con 
densation, but has the objection of introduc 
ing the injection water, as in an ordinary con 
denser, into the midst of a vacuum, so that 
the air held in solution becomes disengaged 
and disseminated in the condenser, from 
which it must be extracted by the ejector A. 
As this has a low output, it is of advantage to 
give it as little work as possible. With the 
first-described arrangement this disengage 
ment of air from the injection water does not 
take place in the ejector E. It will be seen 
that it is easy to utilize simultaneously the 
two modes described so as to profit by the 
advantages of both. 

It will be seen that with this new apparatus 
an important economy of motive power is ef 
fected, as it will be obvious that the centrifu 
gal pump working in the manner described 
absorbs less power than the air-pump of an 
Ordinary condenser of which the piston is ex 
posed to atlhospheric pressure. The expendi 
ture of Water, whether for the simple or com 
pound condensation, is also very much re 
duced relatively to that required for ordinary 
condensation. 

In order to prevent the return of water to 
the cylinder when the engine is stopped, it is 
only necessary to provide on the exhaust-pipe 
an air-inlet cock which is opened at same time 
that the steam is shut off from the engine, 
and as the momentum of the fly-Wheel causes 
the engine to make a few revolutions after 
the Steam-valve is shut the continued exhaus 
tion of the condenser prevents the water en 
tering the cylinder. The action of the con 
denser commences at the same time as the 
engine is set in motion. 

I will now describe the application of the 
ejector conden ser exhauster to surface con 
den Sation. 
The reduction which is rendered possible 

by the ejector condenser in the consumption 
of Water required for the purpose of condensa 
tion and the rise of temperature of this water 
pel’mit of a new combination possessing the 
advantages of Surface condensation-namely, 
avoiding contact of the condensed steam with 
the cold Water by which the heat of condensa 
tion is absorbed. 
This apparatus, which I will now describe, 

is not, properly Speaking, a Surface condenser, 
but a mere refrigerating apparatus. It con 
sists, essentially, of a nest of tubes or a se 
ries of chambers presenting a large area of 
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Surface and into which, by one of their ends, set forth. 
enters the water delivered through the dis 
charge-tubest b' by the centrifugal pump of 
the ejector condenser above described. Their 
other end is connected to a pipe whose pro 
longation is the supply-pipe D of the ejector 
condenser. The Water before entering the 
chambers has been delivered into a tank 
which forms a fresh - water reservoir, the 
transfer of the Water thereto permitting the 
disengagement of the air. These chambers 
are immersed in a sheet-iron tank, through 
Which a current of cold Water is circulated in 
accordance with the principles of methodical 
cooling by a centrifugal pump or other means. 
The advantages of the arrangement are as 

follows: The construction of tubular condens 
ers now in use is costly, the tube-plates being 
of copper and the tubes of tinned brass, the 
joints between the tubes and plates being ex 
pensive and requiring to be made with great 
care. They are Sonumerous that it is diffi 
cult to insure their being perfectly tight at 
the pressure of one atmosphere which they 
are required to withstand when the condenser 
is under vacuum, and the condenser-shell 
itself must be of suitable construction to en 
able it to withstand this pressure. 
With the arrangement which I have re 

ferred to the chambers and the tank in which 
they are immersed are merely filled with wa 
ter and do not support any pressure, so that 
the joints, if any, are not liable to leak, since 
there is equilibrium of pressure throughout. 
The construction of a refrigerator of this kind 
is very simple and inexpensive, and as re 
gards the condensation it takes place in ex 
actly the same Way as was described in re 
Spect of the previously-described arrange 
ment, except that the water supplied to the 
ejector E is always the same and is never in 
contact with the water used for cooling. This 
Very simple arrangement can hardly be used 
With jet condensers now in use because the 
volume of Water required for effecting con 
densation is too great and because this water 
being ejected at a low temperature the dif 
ference of temperature available for the trans 
mission of heat-units is too Small. This ob 
jection is the more Weighty because the coeffi 
cient of the transmission of heat from Water 
to Water is less than that which corresponds 
to the transmission from steam to water. For 
these reasons With Ordinary condensation the 
cooling-Surfaces must necessarily be of large 
area as ultimately to be almost impractica 
ble, whereas with the ejector condenser the 
dimensions of the apparatus are considerably 
reduced because the volume of water to be 
cooled is smaller at the same time that the 
available difference of temperature between 
the hot and the cold Water determines a more 
rapid transmission of the heat-units. 

Figs. 3, 4, and 5 of the drawings show dif 
ferent views of the arrangements which may 
be adopted in the construction of a surface 
condenser according to the principle above 

The principal element of this in 
stallation is the ejector condenser, as above 
described, comprising the ejector A and the 
cenu rifugal pump B, Mbeing the cooling-tank, 
in which are immersed a number of chambers 
N, of galvanized sheet-iron or corrugated cop 
per, presenting a very extended surface suffi 
cient in area for producing the cooling re 
quired. 
A vigorous and continuous current of the 

Water available for cooling may be maintained 
... through the tank M by a centrifugal pump 
P, which may be mounted on the same shaft 
as that of the ejector condenser and driven 
by the same pulley. This mode of conden 
sation being especially applied to marine en 
gines it may be supposed that a certain quan 
tity of sea-water proportional to the number 
of heat-units to be absorbed is kept circu 
lating through the tank. It is evident that 
the area of the cooling-surface and the quan 
tity of water in circulation are two factors 
which may be varied inversely within wide 
limits to obtain the same result. Thus the 
cooling-surface may be small in area, and the 
water in circulation large in quantity, or the 
area of surface may be large and the quantity 
of water in circulation small, practice alone 
showing which are the best proportions to 
adopt. 

In order to insure a good distribution of 
the cooling-water through tank M, the de 
livery-pipe R, from the pump enters the tank 
and is provided at its upper side with a num 
ber of slits, through which the water is pro 
jected into the spaces intervening between 
the chambers N. - 

In order to produce a methodical cooling, 
the Water discharged from the ejector con 
denser enters the chambers N by branch con 
nections at their upper ends and passes out by 
similar connections at their lower ends. 
The inlets and outlets are connected to re 

ceiving and distributing pipes S S'. On the 
pipe S is mounted a tank T, which receives 
the water discharged by the ejector condenser 
and allows the contained air drawn in by the 
ejector to become disengaged while the pipe 
S is connected to the fresh-water injection 
apparatus within the condenser. 
The construction of the cooling apparatus 

may be varied indefinitely, that described 
being inexpensive and illustrating well the 
advantages to be gained by this mode of 
Working, which does not necessitate the use 
of a nest of tubes presenting a multitude of 
joints. X 

The ejector condenser exhauster construct 
ed and Operating as described in the first 
part of this specification may be used not 
Only for condensing steam and extracting air 
from a condenser, but also for merely ex 
hausting air or a gas, or for the propulsion 
of a liquid. 
One of the numerous possible applications 

is the use for producing a more or less high 
Vacuum in a receiver. In this case it is nec 
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essary that the circuit in which the liquid 
circulates should always be completely full, 
and it will therefore be necessary to make a 
small addition of water through a pipe, such 
as H, or by means of an ejector, such as E, in 
order to replace that carried off along with 
the air or gas in escaping at the discharge 
pipes b b' of the centrifugal pump. 

If only a small volume of gas is required to 
be carried off under a very diminished pres 
sure, I may profit by the increased suction 
produced by the ejector E, which would in . 
this case alone be utilized for producing the 
vacuum, while the ejector A would only serve 
to increase the velocity of the water which 
passes through the other. This would enable 
the velocity of circulation of the closéd cir 
cuit to be reduced, but it would be necessary 
to supply at E a considerable quantity of 
Water which would be lost. - 
The apparatus may be used as an exhauster, 

in gas-works, with the advantage that it would 
also wash and cool the gas which would pass 
out at the discharge-pipes b b' of the cen 
trifugal pump. 

If the exhaustion is performed in a space 
in which it is not required to maintain a high 
Vacuum, the forcing power of the apparatus 
may be utilized to force the gas through the 
discharge-pipes of the centrifugal pump un 
der a pressure corresponding to the speed of 
rotation of the pump. 
The setting in motion of gaseous masses 

may also be effected by this apparatus, but 
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less effectually, by causing a constant portion 
of the gas itself to circulate in the closed cir 
cuit by means of a fan. 
For the forcing of liquids the construction 

of the apparatus would be unaltered, and the 
liquid forced would be that arriving by the 
tube H or by the ejector E, and the forcing 
would be produced by a constant mass of this 
same liquid, which would be put in motion 
by the centrifugal pump and would circulate 
continuously in the closed circuit, the dis 
charge or forcing taking place through the 
tubes b b' of the centrifugal pump. 
When using the apparatus as an ejector 

condenser, it is utilized for forcing air and 
water simultaneously. 

I claim 
The herein-described ejector condenser ex 

hauster for effecting the condensation of 
steam in jet or surface condensers or for forc 
ing gases and liquids, the said apparatus 
consisting essentially of an ejector formed of 
a converging and diverging cone through 
which aliquid column is by mechanical means 
kept continuously circulating in a closed cir 
cuit provided with discharge-orifices for the 
evacuation of the gases or liquids exhausted. 
The foregoing specification of my improved 

ejector condenser exhauster signed by me 
this 5th day of February, 1897. 

CHARLES ALEXANDRE BOURD0N. 
Witnesses: 

EDWARD P. MACLEAN, 
MAURICE FI. PIGNET. 
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