
United states-1 Patent .1194 ' 
Ambrose et al. 

I ‘[1 i1 3,741,235 

. [54] .WASHING AND PURCING APPARATUS FOR 
_ LIQUID SEALS -, . , 

[75] inventors: Alwin W. Ambroee, Enfield; Joseph 
W. Parker, 111, West Simsbury, both , 
of Conn. 

[73] Assignee: Combustion Engineering, 1ne., 
Windsor, Conn.‘ _‘ V » 

[22] Filed: Dee.30, 1971 
[21] Appl. No; 214,009 

[52] US. Cl ........... .. 137/238, 137/247.25, 137/253, 
134/104, 134/166 

[51] Int. Cl. ................................. ....... .. Fl6k 11/02 

[58] - Field of Search ...................... 134/104,- 166 R; 
137/251, 252, 253, 254, 238, 247.25 

[56] 1 References Cited 

UNITED STATES PATENTS ’ 

3,126,906 3/1964 Touzalin .................... .. ..... ..137/253 

[45] June 26, 1973 

3,489,168 1/1970 Joyce ................................ .. 137/252 
; 3,156,254 11/1964 vStallkantip .......... .. 137/253 
3,230,550 H1966 Carlson ...... .. 134/104 X 
2,240,442 4/1941 Paul..... . 134/104 UX 

7/1933 Elrod ........... .. 137/104 UX 1,918,742 

Primary Examiner-Harold W. Weakley 
Attorney-Frederick A. Goettel, Jr. et al. 

[57] ABSTRACT 
A washing and purging system for a liquid seal in the 
?ue gas bypass duct of a steam generating facility hav 
ing an air pollution control system. A series of nozzles 
positioned withinwthe seal provide a continuous turn 
over of liquid and are also periodically used to flush ac 
cumulated particulate matter from the seal. Disposal of 
excess liquid from the seal is accomplished through the 
use of an over?ow- weir which also serves to skim off 
surface contaminant particles before they can settle to 
the bottom of the seal. - 

5 Claims, 5 Drawing Figures 
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WASHING AND PURGING APPARATUS FOR 
LIQUID SEALS 

BACKGROUND OF THE INVENTION 

l. Field of the Invention ' 
This invention relates to liquid seals and more partic 

ularly to a washing and purging arrangement for a liq 
uid seal. 

2. Description of the Prior Art 
One major source of air pollution is the particulate 

matter (fly ash) and obnoxious gaseous contaminants, 
such as S02, which are emitted in the ?ue gas of coal 
fired utility boilers used in electric power generating 
facilities. One approach to removing these contami 
nants from the gases has been through the use of a gas 
cleaner having a wet scrubber. 
Typically in such a system dust and fume laden gases 

exit the boiler through an air preheater and continue 
through ducts to the scrubber where the washing and 
cleaning of the gas is accomplished. The clean gas then 
exits from the scrubber and continues through addi 
tional ductwork and a booster fan to the stack where 
it is emitted to the atmosphere. 
Many coal-fired steam generating furnaces have the 

ability to burn fuels other than coal such as low sulfur 
oil or gas. Such auxiliary fuels do not produce the high 
level of contaminants and particulate matter which re 
sult from the burning of coal and thus permit the boiler 
units to be operated without the scrubber units on the 
line. This is accomplished by providing a bypass duct 
around the scrubber which provides a path directly to 
the booster fan and the stack. ' 
Because of the very strict governmental air pollution 

requirements regulating permissible amounts of S02 
and particular matter emission, water seals are often 
provided in the bypass ducts of such systems to assure 
that contaminated gas does not leak through the bypass 
to the atmosphere when the scrubber is in operation. 
One type of liquid seal commonly used in this appli 

cation is similar to the U-type trap frequently used in 
sink drains. With such an arrangement a number of 
problems have been encountered as a result of interac 
tions between dead pocket gases and water which oc 
curs at the inlet plenum water surface of the seal. One 
such problem is corrosion of the metal walls of the seal 
caused by an intolerable acid condition of the seal wa 
ter. This acid condition comes about as a result of cor 
rosive materials in the gases condensing from the gas 
on the water surface and subsequently being absorbed 
into the water. Another problem encountered is that of 
large accumulations of particulate contaminants in the 
bottom of the seal. This comes about due to particles 
in the gas contacting and adhering to the water surface 
and eventually settling to the'bottom of the seal. In 
order to remove such deposits it has been necessary to 
periodically drain the liquid from the seal and remove 
them by hand. 

SUMMARY OF THE INVENTION 

The herein provided invention involves a washing 
and purging system for a water seal located in a hot gas 
bypass duct. A series of nozzles is located in the bottom 
of the seal. Over?ow weirs,'communicating with over 
?ow discharge means, are provided at the desired liq 
uid level of the seal. During normal operation a cons 
tant supply of relatively alkaline water is introduced 
into the seal by less than the full complement of noz 
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zles. This water effects a continuous purge of the seal 
water and provides a three-fold advantage: (1) the pH' 
of the seal water is kept at a non-corrosive level, (2) 
potential loss of the water seal due to water evapora 
tion or level control malfunction is eliminated, and (3) 
excess water passing from the seal over the overflow 
weir takes with it surface particulate contaminants be 
fore they can settle. 
A periodic cleaning operation is performed to re 

move accumulated particulate matter fromv the bottom 
of the seal. This is achieved by activating the entire 
complement of nozzles and opening the drain connec 
tion provided in the bottom of the seal. The seal bottom 
is inclined with the drain connection at the lower end 
thereof and the nozzles are so arranged to effect a sluic 
ing operation to guide the accumulated matter through 
the drains. A distinct advantage of this cleaning opera 
tion is that it may be carried out without requiring the 
water seal to be broken. 
Other objects and advantages of the invention will 

become apparent upon reading the following detailed 
description and upon reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side elevational view, partly in 
section, of an air pollution control system having a wet 
scrubber bypass duct water seal which has the washing 
and purging features of this invention; 
FIG. 2 is an enlarged view, partlyin section, of the 

water seal of FIG. 1; ' ' 

FIG. 3 is a sectional view taken on lines 3-—3 of FIG. 
2; 
FIG. 4 is a sectional view taken on lines 4-4 of FIG. 

2; and 
FIG. 5 is a partial view, similar to FIG. 3, showing one 

end of a seal having an overflow collector in accor 
dance with a further embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring first to FIG. 1, there is illustrated a steam 
generating boiler 10 having a pollution control system 
including wet scrubber 12 for cleansing ?ue gases prior 
to passage to the atmosphere. A flue gas scrubber by 
pass 14 having a water seal 16 is provided to circum 
vent the scrubber when desired. Under normal circum 
stances, i.e., when the scrubber is in use, contaminated 
?ue gases produced in the furnace 18 pass into an ap 
propriate duct 20 through an air preheater 22 and into 
an inlet duct 24 to the wet scrubber 12. The inlet duct 
24 has a damper 26 arrangement located therein for se 
lectively opening and closing the duct to the passage of 
flue gases. Gases passing into the wet scrubber 12 are 
cleansed of gaseous and particulate contaminants in a 
well-known manner not forming a part of this inven 
tion. 
The cleansed ?ue gases pass from the scrubber 12 

‘through a scrubber outlet duct 28. Located in the out 
let duct 28 is a stack gas reheater 30 to minimize‘ steam 
plume formation and a damper assembly 34 for selec 
tively controlling the passage of gases therethrough. 
Communicating with the outlet duct 28 is an appropri 
ate exit duct 36 which in turn communicates with the 
inlet of induced draft fan 38. The fan 38 creates a suffi 
cient pressure differential to insure positive passage of 
the gases throughthe ductwork and scrubber into the 
stack 40 for passage to the atmosphere. 
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The ?ue gas scrubber bypass 14 includes a first con 
duit 42 communicating with the scrubber inlet duct 24 
upstream of the scrubber inlet damper arrangement 26. 
A second conduit 44 communicates at one end with the 
first conduit 42 and at the other end with the scrubber 
outlet duct 28 at a location downstream of the outlet 
damper 34. The passage of gases from the ?rst conduit 
42 to the second conduit 44 is selectively controlled by 
the level of water in the water seal 16. 
As best shown in FIG. 2 the water seal 16 includes a 

first plenum chamber 46 and a second plenum chamber 
48 communicating with the first conduit 42 and- the 
second conduit 44, respectively. The plenum chambers 
46, 48 are fabricated from appropriate ducting material 
and have a common bottom plate 50 which is angularly 
disposed from the horizontal. The plenum chambers 
46, 48 are separated by a vertical baffle plate 52 origi 
nating at the junction of the upper walls of the first and 
second bypass conduits 42, 44 and terminating at a 
level spaced from the inclined bottom 50 to de?ne a 
horizontal passageway interconnecting the two cham 
bers. Located in the lower end of the ducting forming 
the front of the seal are two drain connections 54, 56 
which are selectively operable to opened and closed 
position by means of conventional valve arrangements 
58, 60. » 
As best shown in FIGS. 3 and 4, underlying the in 

clined seal bottom 50 is a network of water pipes 67 
communicating through valve arrangements, which will 
be subsequently further described, to a water supply 64 
and adapted to distribute water to a plurality of water 
nozzles, 66a-f, 68a-f, extending through the bottom 
plate and which are directed substantially parallel to 
the bottom and toward the drain connections 54, 56 
adjacent the lowerend of the bottom. In the preferred 
embodiment, best illustrated in FIG. 4, a separate series 
of nozzles is associated with each drain connection. 
The nozzles are so arranged that the number of nozzles 
per unit area of the bottom plate becomes increasingly 
greater as the lower end of the plate is approached. 
Further in accordance with the invention a portion of 
the nozzles in each series are disposed in pairs 66c-f, 
68c-f laterally offset on opposite sides of and angularly 
directed toward their associated drain connections. 

Referring back to FIG. 3 the valve arrangement inter 
connecting the water supply 64 and the nozzles 66, 68 
comprises a main shutoff valve 70 and a ?ush valve 72. 
The shutoff valve 70 directly controls the water supply 
to one pair of replenishing nozzles 66c, 680 in each se 
ries and to the ?ush valve 72 which in turn controls the 
supply to the piping 67 communicating with the re 
mainder of the nozzles. 
There are located on the interior walls at opposite 

ends of the first plenum chamber 46 overflow collec 
tors 74 having open upper ends defining generally hori 
zontal upper edges 76. These collectors are positioned 
so that their upper edges 76 are substantially coinci 
dent with the desired normal water level of the seal 
when it is filled to provide a gas tight seal. Openings 78 
‘are provided in the seal walls for communicating the 
interior of each collector 74, at the lower end thereof, 
to discharge pipes 80 extending to the exterior of the 
seal. The discharge pipes 80 in turn communicate with 
appropriate conduits 82 which terminate, at a point 
below the level of the water in the seal, in settling tank 
or pond 84 of a size capable of handling the overflow 
liquid. The pond 84 serves as a second liquid seal to in 
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4 
sure that atmospheric air is not drawn into plenum 46 
through the discharge conduits 82. Such an occurrence 
would otherwise be probable because the pressure 
within plenum 46 is less than atmospheric, due to the 
sucking action of the fan 38. 
When the furnace 18 of the steam generating boiler 

10 shown in FIG. 1 is burning a low sulfur auxiliary fuel 
such as gas it is not necessary to pass the products of 
combustion gases through the wet scrubber 12. Under 
such circumstances there is no water in the water seal 
and the scrubber inlet damper 26 and the scrubber out 
let damper 34 are placed in a closed position. All flue 
gases thus pass through the first bypass conduit 42 into 
the first plenum 46 under the baf?e 52 to the second 
plenum 48 and through the second bypass conduit 44 
to the exit duct 36 and ultimately from the stack 40 to 
the atmosphere. ' 

Under‘ normal circumstances, however, the furnace 
burns a fuel such as coal which yields a highly contami 
nated product of combustion gases which must be 
passed through the scrubber 12 before being released 
to the atmosphere. During such operation the scrubber 
dampers 26, 34 are opened and the water seal 16 in the 
bypass 14 is filled to insure that no contaminated gases 
are permitted to bypass the scrubber 12. Filling of the 
water seal is accomplished by opening both the main 
supply valve 70 and the ?ush valve 72, water is thus 
caused to ?ow into the seal through the full comple 
ment of nozzles 66a-f, 68a-f. When the lower edge of 
the baffle plate 52 is completely immersed in water the 
seal is effective to prevent the passage of ?ue gases 
therethrough. 
When the water level in the seal reaches the horizon 

tal upper edge 76 of the over?ow collectors the ?ush 
valve 72 is moved to its closed position. Only the re 
plenishing nozzles 66c, 680, located generally midway 
along the length of the inclined bottom, are now feed 
ing water into the seal. These nozzles 66c, 68c are sup 
plied with water continuously whenever the seal is in 
use. The water fed into the seal'b'y these nozzles serves 
two primary purposes. The first is to provide a replen 
ishing of the water in the seal at a rate sufficient to 
avoid the creation of corrosive conditions in the seal. 
This is accomplished by‘ making the supply water of a 
sufficiently alkaline nature to maintain the body of 
water in the seal in a substantially neutral condition. 
The second primary purpose of‘ the supply of water is 
to maintain a continuous ?ow of water over the upper 
edges 76 of the overflow collectors 74. This constant 
over?ow results in a skimming off of the surface water 
in the seal. There is contained in this surface water a 
high concentration of particulate matter from the gas 
in the inlet plenum of the seal which has contacted and 
adhered to the water surface but has not. yet settled to 
the bottom of the seal. By skimming off this surface 
water this particulate matter is thereby removed. 
Despite the skimming off of a large portion of the 

particulate matter adhering to the water surface, with 
time, an undesirable amount of such particles settle'to 
the bottom of the seal. These accumulated particles ‘are 
periodically removed from the seal, without requiring 
the seal to be broken, by opening the flush valve 72 and 
opening the drain connections 54, 56 adjacent the 
lower end of the inclined bottom 50. The positions of 
the nozzles 66a—f, 68a-f in the bottom, all of which are 
now injecting water along the bottom, serve to encour 
age the passage of the accumulated particles from the 
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seal through the drain connections 54, 56. The water 
supply 64 and nozzles 66, 68 and the drain connections 
54, 56 are appropriately sized so that the normal level 
of liquid in the seal is maintained during this cleaning 
or sluicing operation. When it is determined that the 
seal is sufficiently clean, the drain connections and the 
flush valve are closed and normal seal operation is re 
sumed. 
Referring to FIG, 5, an additional embodiment of an 

over?ow collector is shown. A horizontal slot 86 is pro 
vided in the seal wall, the lower edge thereof being sub 
stantially coincident with the desired normal liquid 
level. A fully enclosed over?ow collector 88 is attached 
to the outside wall of the seal to completely surround 
the horizontal slot 86. The collector 88 has a discharge 
pipe 90, similar to that of the preferred embodiment, 
attached to an opening in the lower end thereof for car 
rying off water which has passed into the collector 
through the slot. 
While the invention has been described in conjunc 

tion with speci?c embodiments thereof, it is to be un 
derstood that such showings are merely illustrative and 
that changes may be made without departing from the 
spirit and scope of the invention as claimed. 
What is claimed is: 
1. In combination with a liquid seal for preventing the 

?ow of a contaminated hot gas through a conduit, the 
seal having a first duct means communicating with a 
gas supply conduit and defining a first plenum cham 
ber, a second duct means communicating with a gas'ex 
haust conduit and defining a second plenum chamber, 
said first and second duct means cooperating to define 
a generally horizontal passageway interconnecting said 
first and second plenum chambers at the lower ends 
thereof and means for admitting a liquid into said seal 
to a level completely immersing said passageway, the 
improvement which comprises: 

a. an inclined generally rectangular plate forming the 
bottom of said interconnecting passageway; 

b. drain means disposed in the lower portion of said 
duct means adjacent the lower end of said inclined 
bottom plate, said drain being selectively operable 

' to an open or closed position to drain liquid from 
or retain liquid in said seal respectively; 

c. at least one series of nozzles positioned adjacent 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

6 
the upper side of said inclined plate, a portion of 
the nozzles in each of said series being angularly 
directed toward the opening in said drain means 
whereby liquid ejected from said nozzles is directed 
toward said drain opening; 

d. means for selectively supplying a liquid to said noz 
zles at a ?ow rate sufficient to maintain the normal 
liquid level in said seal when said drain means is in 
an open position; whereby when said liquid seal is 
filled to its normal level, said drain means is actu 
ated to an open position, and said nozzle supply 
means is operating, a sluicing operation is per 
formed on the inclined bottom plate of said liquid 
seal without requiring the gas tight seal to be bro 
ken. 

2. The apparatus of claim 1 wherein each drain 
means has at least one series of nozzles associated ex 
clusively therewith. 

3. The apparatus of claim 1 wherein the number of 
nozzles per unit area ofinclined plate becomes increas 
ingly greater as the lower end of said inclined plate is 
approached. 

4. The apparatus of claim 1 including the following 
additional elements: 

a. an over?ow collector attached to said ?rst duct 
means and having an over?ow discharge opening in 
the lower end thereof; 

b. liquid discharge means communicating with said 
over?ow discharge opening to carry over?ow liq 
uid to an appropriate disposal point exterior of said 
seal; 

c. liquid over?ow means defining a generally hori 
zontal upper edge for communicatingvthe interior 
of said seal adjacent the desired liquid level to the 
interior of said over?ow collector; and 

(1. means for continuously replenishing the liquid in 
the seal when the seal is provided with a gas sealing 
body of liquid. 

5. The apparatus of claim 4 wherein said means for 
continuously replenishing the liquid in the seal com 
prises at least one of said nozzles, said nozzle being 
adapted to selectively provide continuous liquid ?ow to 
said seal. 

* * * * * 


