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PROCEDURE AND EQUIPMENT FOR INJECTING
GAS INTO LIQUIDS

TECHNICAL FIELD

This invention is directed to a procedure for injecting
gas into liquids, and, more particularly to the injection
of hydrogen into the primary coolant of pressurized
water nuclear power plants.

BACKGROUND ART

For example, it is not uncommon in nuclear power
plants, to inject hydrogen gas into primary coolant
water by spraying the primary coolant into an hydrogen
atmosphere, e.g. into the hydrogen gas blanket of the
makeup tank, or by bubbling hydrogen gas in the water
phase of the makeup tank. The makeup tank among
other things, is used to equalize primary coolant volume
changes, and contains both the primary coolant and a
hydrogen-gas blanket.

These known procedures have the disadvantage that
due to the large hydrogen volume in the makeup tank,
a release of relatively large hydrogen volumes into the
space surrounding the makeup tanks is possible, and
therefore the occurrence of combustible gas explosions
must be taken into account. Further, the gas/water
concentration can not be precisely controlled.

There is a need, therefore, to find a procedure
through which a predetermined gas concentration can
be reached in the liquid under consideration and
through which the potential release of dangerous vol-
umes of explosive gas can be minimized.

SUMMARY OF THE INVENTION

The problem is solved in that the liquid flows through
a bubble column, only the gas volume necessary for
reaching the required gas content is injected into the
bubble column above the liquid inlet, and the gas and
liquid are mixed prior to leaving the bubble column.

The device used for implementing this procedure has
a bubble column that contains several motionless mix-
ers. The gas feed line is equipped with a gas pump, and
the pipe section of the two-conduit gas injection line
arranged inside the bubble column is equipped with
nozzles.

The nozzles, moreover, can be flushed with the aid of
a bypass flow of the liquid to be gassed. An advantage
of this feature is that the bypass flow conduits are con-
nected with the pipe sections that support the nozzles.

A ventilation line is also attached at the bubble col-
umn in order to prevent gas bubble formation in the
primary coolant. Analyses measuring devices are in-
stalled in the liquid line upstream and downstream of
the bubble column.

The gas volume injected through the gas pump de-
pends upon the pre-existing hydrogen concentration of
the liquid to be injected with gas, and the head of the
liquid flow.

In accordance with a specific embodiment of the
invention, the isolation valves of the bypass flow con-
duits can be manipulated to enable the nozzles to be
covered with gas and rinse water on alternate sides.

BRIEF DESCRIPTION OF THE DRAWING

The method and apparatus for implementing the in-
vention are shown in a schematic drawing.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In conduit 14 the primary coolant to be injected with
gas flows into a pressurized water reactor system (not
shown) in the direction of arrow 19, and after the ad-
Jjustment of the volume flow control valve 10, flows
into bubble column 6 at liquid inlet 20. With the aid of
gas proportioning or dosage equipment, e.g. gas dosage
pump 1, the hydrogen gas in conduit 2 is channeled into
the bubble column 6 and is injected above liquid inlet 20
via the double gas injection conduits 2¢ or 24, and noz-
zles 5 or 5a.

Hydrogen gas and primary coolant are now inten-
sively mixed when liquid flows through motionless
mixer 7. After the liquid has flowed through the mixer
7, the primary coolant which has been provided with
the desired hydrogen content, discharges from the bub-
ble column 6 through conduit 15. Automatic ventilation
through the conduit 16, float valve 17 and isolation
valve 18 ensures that no gas bubbles remain in the pri-
mary coolant. Bypass conduit 13 in which coolant flows
in the direction of arrow 21, which comprises a certain
portion of the primary coolant that to be injected with
gas flows, branches off from the conduit 14.

The mode of operation for implementing the flushing
process enables the nozzles 5, 5a to be flushed alter-
nately, or to be used for gas injection. For the case
“flush nozzle 57, isolation valves 3 and 11a are closed
and isolation valves 11 and 3a are open. For the case
*“flush nozzle 5a” isolation valves 3a and 11 are closed
and isolation valves 11a and 3 are open. Check valves
4a, 12a, 4 and 12 prevent gas or flushing liquid from
returning.

An analysis measuring device 8 is installed in bypass
conduit 13, which measures the hydrogen gas concen-
tration of the liquid to be injected with gas so that exact
gas dosing can be accomplished through the gas dosage
pump 1 as a function of gas content and liquid volume in
conduit 14.

It should also be noted that the entire gassing and
flushing process takes place automatically.

Gassing in accordance with the principles of the in-
vention now is possible in a simplified and advantageous
manner. Nitrogen, moreover, can be used as a gas blan-
ket for the makeup tank, in order to avoid the danger of
a combustible gas explosion.

An additional advantage of the invention is the fact
that the hydrogen concentration of the reinjected pri-
mary coolant can be kept within a specified range dur-
ing load change processes.

The embodiments of the invention in which as exclu-
sive property or privilege is claimed are defined as
follows:

1. A device for injecting a gas into a stream of reactor
coolant for a pressurized water nuclear power plant
comprising:

a bubble column, the stream of reactor coolant being

directed up therethrough;

motionless mixer means positioned within said bubble

column for mixing the stream of reactor coolant;

a gas pump;

gas conduit means for establishing fluid communica-

tion between said gas pump and said bubble column
below said motionless mixer means;

a plurality of nozzles on said gas conduit means estab-

lishing fluid communication between said gas con-
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duit means and the stream of reactor coolant within
said bubble column;

gas analysis measuring apparatus for measuring the
gas concentration in the reactor coolant liquid.

2. A device as in claim 1 further comprising:

by-pass flow conduit means for establishing fluid
communication between the coolant prior to entry
into said bubble column and said plurality of noz-
zles to enable a portion of the stream of reactor
coolant to bypass a portion of said bubble column
and flush a portion of said plurality of nozzles;

valve means for selectively isolating said plurality of
nozzles from said gas injection conduit means and
said by-pass flow conduit means.

3. A device as in claim 2 wherein:

said plurality of nozzles include a first group of noz-
zles and a second group of nozzles;

said gas conduit means includes a first gas conduit
and a second gas conduit establishing fluid commu-
nication between said first group of nozzles and
said second group of nozzles respectively;

said by-pass flow conduit means including a first
by-pass flow conduit and a second by-pass flow
conduit providing fluid communication between
the coolant prior to entry into said bubble column
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and said first group of nozzles and said second
group of nozzles respectively;

said valve means being capable of selectively isolat-

ing said first group of nozzles and said second
group of nozzles from said gas pump while by-pass
flow is directed therethrough, while said second
group of nozzles and said first group of nozzles
respectively remain in fluid communication with
said gas pump to provide flushing without inter-
rupting the gas injection.

4. A device according to claim 1 further comprising:

a vent conduit to eliminate gas bubbles from the reac-

tor coolant liquid in said bubble column above said
motionless mixer means; and, vent valve means for
isolating said vent conduit and precluding back-
flow through said vent conduit into said bubble
column.

5. A method for injecting gas into a reactor coolant
for a pressurized water nuclear power plants compris-
ing the steps of passing the coolant up through a bubble
column that has a liquid inlet, injecting only the gas
quantity needed for reaching a predetermined gas con-
centration in the coolant into the bubble column above
the liquid inlet and mixing the gas and the coolant prior

to leaving the bubble column.
* * * * *



