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The present invention relates to a process and system
for pumping off great quantities of condensable vapors
from a vessel, particularly of water vapor during a dry-
ing process by using a rotary compressor with a first stage
pump connected by means of a pressure equalizing line,
preferably said first stage pump being a gas ballast pump,
and the system including a condenser inserted between a
rotary compressor and the first stage pump.

If great quantities of condensable vapors are to be
pumped from a vessel as may, for example, occur in cable
drying, an evacuating device may be provided in a man-
ner known per se, in which a plurality of rotary compres-
sors of different sizes are arranged in series, and in which
a gas ballast pump is provided as the high pressure stage
pump. Between the individual rotary compressors, i.e.,
between the rotary compressor and the high pressure stage
referred to as the first-stage pump, vapor condensers of a
known construction are inserted which may be fed, for
example, from a cooling water circuit. In such construc-
tion, by-pass lines for the rotary compressor and the con-
denser provided between the latter are required, said by-
pass lines being closed or opened during certain process
steps by means of valves. Such evacuation arrangement
involves considerable expense of operation as a consid-
erable number of valves have to be operated sequentially
depending upon certain pressure values ascertained by
measuring instruments.

It is an object of the present invention to provide a
considerably simplified process and arrangement, by which
great quantities of condensable vapors can be pumped off
without complicated control devices by using a single
rotary compressor.

It is another object of this invention to provide a proc-
ess and device for pumping off large quantities of con-
densable vapors from a vessel, particularly of water vapor
in a drying process, by employing a rotary compressor
by-passed to a first-stage pump by a pressure equalizing
circuit, said first-stage pump preferably being a gas ballast
pump, and said system including a condenser unit in-
serted between the rotary compressor and the first-stage
pump.

It is another object of the present invention to provide
as the condenser unit selectively inserted in the system,
a standard coudenser with standard cooling means and a
low temperature condenser with low temperature cooling
means.

The vessel is first evacuated with the rotary compressor
by-passed and by means of standard cooling means and
the first-stage pump, to a pressure corresponding to the
temperature of the standard cooling means, at which pres-
sure the condensation in the standard cooling means
ceases; and thereafter the condensation is continued at the
low temperature unit until the evacuation has reached
the pressure value corresponding to the temperature of
the latter (i.e., low temperature-unit). Finally, by-pass-
ing of the rotary compressor is terminated during the final
evacuation, whereupon the rotary compressor functions
as a supercharger.

The new process results in a considerable technical
advance, particularly because the apparatus necessary for
its operation is greatly simplified over that in the known
Processes.
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Specifically, only a single valve-controlled pressure by-
passing circuit is necessary to by-pass the rotary com-
pressor during operation of the first evacuation and to
connect the interior of the vessel directly to the condenser
unit. It may be advantageous to use a temperature above
0° C., preferably about -+15° in the standard cooling
unit while the temperature of the low-temperature cooling
unit should be below —20° C., preferably about —40°,
Preferably, the standard cooling unit is operated in a
known manner with cooling water, while for the feeding
of the low-temperature cooling unit a one-stage compres-
sion cooling machine is provided. By means of such a
cooling machine temperatures of about —40° C. in the
low-temperature cooling unit of the low-temperature con-
denser may be relatively simply and reliably obtained.

Since, generally, the low-temperature cooling unit is
only to be used if the condensation ceases at the standard
cooling unit, special precautions are necessary for deter-
mining this condition and for the initiation of the required
switching operations. It is, therefore, an additional object
of this invention to use for the operation of the low-
temperature cooling unit the temperature difference be-
tween the cooling medium entering and leaving the stand-
ard cooling unit as a control parameter, and to initiate
the switching when the temperature difference is below
a predetermined value. The input and output tempera-
tures of the cooling water in the standard cooling unit can
thus be observed, for example, by means of contact
thermometers, and the refrigerator can be put in operation
by relays if the temperature falls below said predeter-
mined temperature value, i.e., after condensation has vir-
tually ceased in the standard cooling unit,

In the first evacuation step, a pressure value of about
20 mm. mercury is obtained at a cooling water input
temperature of about 15° C, in the water cooled by the
standard cooling unit of the condenser. TIn the second
step, a pressure drop to about 10 mm. mercury is reached
by means of the low-temperature cooling unit connected
to the refrigerator. At this point the by-passing of the
rotary compressor can be terminated by opening the
valve in the pressure equalizing circuit and the rotary
compressor now acts as a supercharger to the subsequent
low-temperature cooling condenser. In this case, pres-
sure values to about 5x10-3 mm. mercury may be ob-
tained. The new process and the system pertaining
thereto is particularly advantageous for pumping off
greater water vapor quantities in the order of kilograms
per hour.

While in the usual case the low-temperature cooling
unit is put in operation only after condensation in the
standard cooling unit has ceased or almost ceased, for
some purposes a different operation may be advanta-
geous. In such case, the low-temperature cooling unit
Is put in operation from the beginning or after 4 certain
time, while the standard condenser is still operative. 1In
this case, a part of the water in the low-temperature
cooling unit freezes and the ice mass in this way serves
as a low-temperature storage medium which can be uti-
lized in the following condensation and evacustion stage
in the low-temperature cooling condenser. If in this
stage a great amount of water accumulates due to the
particular drying process, a refrigerator of consideruble
capacity would have to be provided in order to obtain
substantially complete condensation in the condenser
unit. By ulilization of the cold stored due to the ice
formation in the preceding evacuation state o smaller
refrigerator may be used, whereby a considerable reduc-
tion in cost of the unit is oblained,

In the drawing, an embodiment of the device for car-
rying out the inventive process is schematically illus-
trated. 1 denotes a vessel enclosing in a container or
box 2 a material 3 having a high degree of humidity.
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The vessel is connected to a Roots-type first-stage com-
pressor 6 via a pipe 4 and an intermediate flange joint
S and wherein this compressor § is by-passed by a duct
7 when a valve 8 is opened so that the interior of the
vessel 1 in this operating condition may be directly con-
nected with the inlet pipe 36 of a condenser unit 11
formed as a twin condenser, via a further flange connec-
tion 9.

This twin condenser comprises in a common housing
a first cooling coil 12 forming the standard higher-tem-
perature cooling unit, and a second low-temperature
coil 3. The first cooling coil 12 of the standard cool-
ing unit is connected to a cooling-water circuit {(not
shown) via input and output pipes 14 and 15. A sup-
ply line 16 and a reiurn line 17 connect the second cool-
ing coil 13 with a compression-type refrigerator 18. The
outlet pipe 19 of the twin condenser 11 is connected
to a suction line 21 of a firsi-stage pump 22 designed as
a gas ballast pump via a flange joint 28. The gas or
vapor media expelled by the first-stage pump 22 are dis-
charged at the exhaust opening 23.

After the material 3 in the perforated container 2 has
been placed in the vessel 1, the first-stage pump 22 is
put in operation through the by-pass line ¥ while the
valve 8 is opened. In addition, the cooling coil 12 which
represents the standard cooling unit in the twin con-
denser 11 is connected to a cooling water circulation via
the input and output pipes 14, 15. As a result of the
pressure decrease in the interior of the vessel 1, said pres-
sure decrease being obtained with the aid of the first-
stage pump 22, a considerable water vapor escape takes
place from the material 3, whereby the water vapors
above a pressure value determined by the surface tem-
perature of the first cooling coil 12 are condensed in the
standard cooling unit of the twin condenser 1i. The
water vapor partial pressure cannot be lowered beyond
the pressure value determined by the temperature of the
first cooling coil 12 and, upon reaching this temperature
value, condensation ceases at the standard cooling unit.

During condensation of the water vapor in the first
cooling coil 12, the heat of condensation of the vapor is
transferred to the cooling water, whereby an increase in
the cooling water output temperature is obtained in com-
parison ‘to the temperature value of the input cooling
water. . If the temperature difference between cooling
water discharge and inlet falls below a predetermined
value, as, for example, 2° C,, this is indicative of the
condensation having ceased in the standard cooling unit;
thus, the condenser having become practically inop-
erative.

At this point, the second stage of the process begins,
in which the low-temperafure cooling unit and thereby
the cooling coil 13 are put in operation. Due to the
considerably lower surface temperature of the second
cooling coil 13, a lower limit value of the water vapor
partial pressure is obtained which can be adjusted by
means of the twin condenser 1. The magnitude of the
cooling effect of the second cooling coil 13 is measured
such that during exchange of the heat of the condensa-
tion of the water vapor with the low-cooling medium a
surface temperature of the cooling coil above ihe freez-
ing point of about -4+2° C. is maintained. In this way,
a continuous yield is obtained of liquid condensate and
a freezing of the water on the surface of the second cool-
ing coil 13 within a given pressure range is avoided.

The low cooling unit of the twin condenser 11 also
attains a pressure value at which the water vapor partial
pressure in the vessel 1 corresponds to the predetermined
surface temperature of the second cooling coil 13, so
that no further condensation can take place.
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The final evacuation starts with the use of the rotary
compressor 6 and for this purpese, the pressure equaliz-
ing circuit 7 is shut off by closing tle valve 8. The ro-
tary compressor 6 creates a pressure increase in the twin
condenser 11 due to its supercharger effect, whereby
said twin condenser becomes again operative.  After the
desired final pressure in the vessel 1 is obtained, the evac-
uation is stopped and the material 3 can be removed
from the vessel 1 in a manner known per se.

The structure of the twin condenser has been described
schematically in the simplified embodiment illustrated.

In practical apparatus, the standard cooling unit and
the low-temperature cooling unit may be provided with
different cooling surface arrangements. Basically, the
use of multi-stage compression refrigerators is possible;
however, the single-stage apparatus is recommended be-
cause of its simple and inexpensive design.

What is claimed is:

L. A system for removing from a vessel large quan-
tities of condensable vapors, comprising a rotary com-
pressor having its intake connected to said vessel; by-
pass and valve means for selectively shunting said com-
pressor; condenser means connected to receive the dis-
charge from the compressor, said condenser having a
higher-temperature cooling coil and a lower-temperature
cooling unit; and a high-vacuum pump connected to the
discharge end of the condenser means, whereby when the
rotary compressor is initially by-passed, the higher-tem-
perature cooling coil and the pump remove vapor down
to a pressure corresponding with the temperature of said
higher-temperature coil, and when the by-pass is there-
after closed by the valve means and the lower-tempera-
ture coil is cooled the rotary compressor acls as a super-
charger.

2. In a system as set forth in claim 1, said condenser
means comprising a twin unit with the vapor passing the
higher-temperature coil first and then the lower-tempera-
fure coil,

3. In a system as set forth in claim 1, said lower-tem.
perature coil being cooled by a one-siage compressor
refrigeration machine.

4. The method of removing water vapor from a ves-
sel comprising the steps of: condensing a major portion
of the vapor under a partial vacnum at a temperature
above the freezing point of the condensate; then con-
densing out more of the vapor at a temperature below
the freezing point of the condensate; and supercharging
the vapor from the vessel while feeding it and condens-
ing it at the lower temperature and in the partial vacuum,

5. In a method as set forth in claim 4, the vapor be-
ing water and the first condeusing step being conducted
between 0° C. and 15° C., and the second condensing
step being conducted between —20° C. and —40° C.

6. In a method as set forth in claim 4, the second con-
densing step being started when the rate of condensation
in the first step approaches zero as determined by meas-
uremient of the heat of condensation absorbed during the
first condensing step.
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