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To all thom, it may concern: 
Beit known that I, BENJAMIN GRAEMIGER, 

a citizen of the Republic. of Switzerland, re 
siding at Zurich, Hardturmstrasse 19, Switz 
erland, have invented certain new and useful 
Improvements in a Process for Compress 
ing Vapor in Multistage Centrifugal Com 
pressors; and I do hereby declare the fol 
lowing to be a clear, full, and exact descrip 
tion of the invention, Such as will enable 
others skilled in the art to which it apper 
tains to make and use the same, reference 
being had to the accompanying drawings 
and to letters or figures of reference marked 
thereon, which form a part of this specifica 
tion. 
This invention relates to a process for 

compressing vapor in multi-stage centrifu 
gal compressors. 
According to the invention a liquid of the 

same nature as the vapor to be compressed is 
introduced into the compressor behind at 
least one of the rotor wheels in such a form 
and quantity that the state of the vapor 
will be changed into that in which it con 
tains not more than three per cent. by 
weight of liquid. The process may be car 
ried out So that the cooling of the vapor 
which has been superheated through being 
compressed is only effected to such an ex 
tent as to obtain Saturated vapor. 

It is already known with air compressors 
of the piston type to inject water into the 
air to prevent too high a rise of the temper 
ature and therefore of the power consump 
tion. For this purpose the air from a cer 
tain stage of the compressor has been 
led into a special receiver into which 
the water has been injected where 
after the cooled air has been intro 
duced into the next stage of the piston com 

If the Water were to be pumped 
immediately into the piston compressor the 
danger exists that the injected quantity may 
be too large and that water hammer occurs 
which might cause a bursting of the com 
pressor. The withdrawing and re-introduc 
ing of the air from and to a special receiver 
causes considerable losses of energy. More 
over it is disadvantageous in most cases to 
get moist air by this direct injection of wa 
ter. In certain cases this direct injection 
is inadmissible especially when the air is 
used for combustion because a considerable 
portion of the energy contained in the fuel 
is then used for evaporating the particles of 
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Water contained in the air and is thus uti 
lized inefficiently for combustion purposes. 
The conditions for carrying into effect 

the process according to the present inven 
tion are quite different. The liquid injected 
into the compressed vapor being of the same 
nature, as that of which the vapor is formed, 
the injected liquid i. e. the cooling liquid, 
cannot have any harmful effect but it in 
Creases the usefull quantity of vapor ob 
tained. The mixing of liquid and vapor 
takes place in the rotary compressor itself 
Without the vapor being withdrawn from 
the compressor in a complicated way and 
then reintroduced into the latter. Only 
care has to be taken that the ratio between 
the injected liquid and the compressed 
Vapor is chosen such that the vaporous mix 
ture does not contain more than three per 
cent. by weight of liquid. It is a well known 
fact that with compressing vapors in ro 
tary compressors the vapor leaving any ro 
tor wheel or diffuser connected to the latter 
is Superheated, therefore such a quantity of 
liquid may be injected that the vapor is 
cooled down from its initial highly super 
heated state to approximately its saturated 
State. If too great a quantity of liquid were 
injected particles of water might be ad 
mixed in a considerable quantity to the 
vapor worked upon by the following rotor 
wheel which Water. Would corrode the blades 
of the rotor wheel and acceleration Would 
have to be imparted to the water by the fol 
lowing rotor wheels involving a great 
amount of expenditure of power. The addi 
tional liquid is not only admixed in a lim 
ited quantity but also preferably in a finely 
distributed state. This admixing can for 
instance be effected in the shape of fine 
Sprays. The mixing is enhanced by utiliz 
ing liquid jets of a great surface which can 
easily be divided up. Hollow-jets are very 
suitable for this purpose. A further method 
of admixing liquid to the vapor is described 
hereinafter when explaining the construc 
tional examples for carrying out the process. 
With a given circumferential speed and 

a given number of stages, for instance with 
a six-stage centrifugal compressor, an in 
crease in pressure of approximately 6% may 
be obtained by injecting liquid. On ac 
count of the comparatively low initial tem 
peratures in front of the various rotor 
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of vapor, measured at the discharge end, is 

O 
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Smaller than if no cooling liquid were in 
jected. When cooling compressed air by 
injecting water waste energy in the shape 
of heat is carried away by the heated up 
water; in the present process, however, the 
energy supplied to the vapor in certrifugal 
compressors is not lost but is utilized in 
generating vapor of the same kind. This 
increase of vapor may amount to 1.8-5% 
of the weight of vapor entering the suction 
end of the compressor. As the highest tem 
perature occurring is considerably lower 
tham if no liquid were injected, the mean 
temperature of the compressor casing is 
lower and consequently its radiation of heat 

20 

and the energy losses resulting therefrom 
are Smaller. 

All the advantages inherent to the present 
process are of special importance in the com 
pression of lye vapors for the purpose of 
utilizing such vapors as heat generating 
means when evaporating fresh lye. 
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The 
above mentioned advantages are all the more 
apparent the higher the ratio of compres 
The liquid to be injected consists prefer 

ably of very pure condensed vapor formed 
at any point along the path of the vapor. 
The increase of the temperature of said 
condensed vapor increases the quantity of 
vapor obtained thereby and leaving the com 
pressor as useful vapor. - 

In the accompanying drawings: . 
Figure 1 is a quantity-pressure diagram 

for different compressions of steam; 
Figs, 2, 3, 4 and 5.illustrate by way of 

example several modifications of a device 
for carrying into effect the process accord 
ing to the invention. 
In Fig. 1 the abscisses of the diagram rep 

resent evaporated quantities of steam of 

50 

from 600 to 1200 kilograms per hour, the 
ordinates represent the corresponding pres 
Sure ratio of the final pressure pe to the 
initial pressure p. The curves I, II and 
III represent the relation between the pres 
sure ratio and the weight of steam with a 
given compressor running at a uniform 
speed. The curves I and II show the pres 
sure-ratios obtained in a compressor in re 
lation to the weights of steam entering the 
suction end of the compressor, curve I in 
particular indicates the conditions prevail 
ing with compressions without the use of 
cooling water and curve II shows the con 
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ditions for compressions with cooling water 
injected. It is to be seen from the diagram 
that with the same quantity of steam enter 
ing the suction end of the compressor for in 
stance 1000 kilograms per hour the ratio 
(? between the final and the initial pres 
süre is 1,6 if no Cooling Water is introduced 
during the compression and 1.76 if cooling 
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water is introduced. The distance between 
the curves II and I illustrates the gain in 
the ratio between the pressures by the in 
troduction of a cooling liquid. The curve 
III indicated in dotted lines gives a meas 
ure for the gain in the quantities of vapor 
obtained by the injection of cooling water. 
The distance A-B shows the gain in the 

70 

pressure ratio with a constant quantity of 
steam of 1000 kgs/hour at the suction end 
of the compressor, the horizontal distance 
B-C=50 kilograms per hour indicates the 
increase of the Weight of steam in the com 
pressor while maintaining the pressure ratio 
which corresponds to the ordinate of the 
point B. The point C shows the higher 
pressure ratio attained in the same compres 
sor running at the same speed land the 
greater weight of vapor leaving the com 
pressor as compared with the working of the 
compressor without the introduction of 
cooling liquid (i. e. point A). 

Fig. 2 illustrates in a vertical longitud 
inal section the upper part of a four-stage 
centrifugal compressor, through the branch 
1 of which the steam to be compressed 
enters, which is compressed consecutively 
in the rotor wheels 2, 3, 4, 5 whereupon it 
leaves the compressor through the branch 6. 
By means of the conduit 7 and 8 pressure 
water can be injected in a finely distributed 
manner through nozles behind the first 
rotor wheel (2) and the third rotor wheel 
(4). Fig. 3 illustrates a special exemplifica 
tion of an injector nozzle. Inside the cas 
ing 31 a rod 32 is provided which can serve 
to control and shut off the fluid passage in 
side the nozzle casing by means of the coni 
cal part 33; further the extended part 34 
of the rod causes the water fed through 
branch. 35 to the nozzle casing to leave the 
latter in the shape of a hollow jet. In this 
manner the water offers a large surface on 
which the steam can act so that the water is 
finely atomized in a very short time and is, 
at least for the greatest part, evaporated. 

Fig. 4 illustrates the lower half of a four stage centrifugal compressor, in which a 
modification of the supply of the cooling 
water into the path of the steam is shown, 
whereby the conduits 7 and 8 of Fig. 2 can 
be dispensed with. A small auxiliary pump 
11 forces water through the pipe 12 into a 
collecting space 13 into which the highly 
compressed steam enters on leaving the last 
rotor wheel 5. The water accumulates at the 
bottom of the collecting space 13. Part of 
said water is evaporated by being in contact 
with the highly compressed steam and con 

125 tributes to lower the temperature of said 
steam. As, however, only a small portion 
of the steam contacts with the comparatively 
small surface of the water and as it takes a 
certain time in order to evaporate a given 
quantity of water a small storage of water 
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can be easily maintained at 14 by supplying 
continuously fresh water through pipe 12, 
although the steam contained in the space 
13 is either slightly superheated, saturated 
or containing a quantity of liquid amounting 
to not more than 3 per cent. by weight. In 
the lowest part of the casing by-pass chan 
nels 16, 17, 18 are arranged by the interposi 
tion of a covering plate 15, through which 
channels water from the storage 14 flows 
to the space 19 on account of the difference 
in pressure between spaces 13 and 19. At 
the bottom of space 19 the water collects and 
forms a storage 20. In a similar manner 
water is flowing from Space 19 to space 21 
and from there to space 23 through a chan 
nel 22 which may for instance be arranged 
horizontally. From the space 23 the Water 
enters finally the suction space 25 through 
the channel 24. Out of space 25 the water 
is drawn through the suction pipe 26 by the 
pump 11 and thereupon repeats its circuit. 
If the quantity of water delivered by the 
pump 11 is too great, part of it can be re 
turned to the suction pipe 26 through pipe 
27. The quantity of cooling water evap 
orated in the compresser is replaced by fresh 
water, which enters the suction pipe 26 by 
means of the pipe 28. In order to prevent 
the Water on entering the space 19 through 
channel 18 from squirting too high and from 
getting admixed to the steam in the shape 
of drops of water whereby the runner wheel 
5 would have to deal not only with steam 
but also with water, a baffle plate 29 in the 
shape of an angle iron may for example be 
secured to the casing above the channel 18. 
Too great an evaporation and splashing of 
the water can also be prevented by providing 
a sieve above the stored water. This modi 
fication is shown by way of example in the 
space 23 of Fig. 4 in a vertical longitudinal 
section and in Fig. 5 in a vertical cross-sec 
tion along line D-E of Fig. 4. The sieve 
30 is fixed to the compresser casing at such 
an elevation that it is only a small distance 
above the normal water level. A sufficient 
exchange of heat from the steam compressed 
in the rotor wheel 2 to the stored water can 
take place through the openings of the sieve; 
the steam generated from said water rises 

through the openings of the sieve into the 
large space 23 where it mixes with the com 
pressed steam, thereby preventing an ex 
cessive increase of the temperature of the 
latter. Furthermore the sieve prevents that 
the steam rotating in the space 23 in the 
direction of arrow IV carries away particles 
of water and causes a wave in the water as 
indicated by arrow W shown in dotted lines, 
whereby the water would be admixed to the 
steam in the shape of drops. 
I claim: 
1. A process for compressing vapor in 

multi-stage centrifugal compressors, com 
prising introducing into the compressor be 
hind at least one of the runner wheels such 
a quantity of a liquid of the same nature as 
the vapor as to obtain a compressed vapor 
that does not contain more than three per 
cent. by weight of liquid. 

2. A process for compressing vapor in 
multi-stage centrifugal compressors, com 
prising introducing into the compressor be 
hind at least one of the runner wheels such 
a quantity of liquid of the same nature as 
the vapor to cool the vapor superheated in 
one runner wheel to its saturated state and 
to obtain a compressed vapor that contains 
not more than three per cent. by weight of liquid. 

3. A process for compressing vapor in 
multi-stage centrifugal compressors, com 
prising introducing into the compressor be 
hind at least one of the runner wheels such 
a quantity of liquid of the same nature as 
the vapor in a finely distributed state to 
obtain a compressed vapor that contains not 
more than three per cent. by weight of liquid. 

4. A process for compressing vapor in 
multi-stage centrifugal compressors, com 
prising introducing into the compressor be 
hind at least one of the runner wheels such 
a quantity of liquid of the same nature as 
the vapor in the shape of hollow jets to 
obtain a compressed vapor that contains not 
more than three per cent. by weight of liquid. 
In testimony that I claim the foregoing as 100 

my invention, I have signed my name. 
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