
United States Patent 
[72] Inventors Kazumrno Ishlzawa 

Osaka-shl, Osaka; 
Tetsujlro Kubota, Yokkaichl-shi; Jlro Miki, 
IIlgashlosaka-shl, Osaka; Hirotsugu 
Matsunaga, Yokkaichi-slli; Sadao Otake, 
Kobe-shl, all of Japan 

[211 App]. No. 816,312 
[22] Filed Apr. 15, 1969 
[45] Patented Dec. 28, 1971 
[73] Assignee Kanegafuehi Bmeki Kabushiki Kalsha 

Tokyo, Japan 
[32] Priority Sept. 24, 1968, Sept. 24, 1968, Nov. 11, 

1968, Nov. 11, 1968 
[33] Japan 
[31] 43/68522, 43/68524, 43/97500, 43/9750] 

[54] METHOD OF CLEANING EQUIPMENT 
FOR SUPPLYING LIQUID 
4 Claims, 15 Drawing Figs. 

[52] US. Cl ...................................................... .. 134/22 R, 
134/34, 134/169 R, 137/238, 277/1 

[51] Int. Cl ....................................................... .. B08b 9/08, 

80% 3/02 
[50] Field of Search .......................................... .. 134/22, 23, 

24,34,166,169;417/168,l75,1l1, 112; 
137/238; 277/1 

["1 3,630,777 

[56] References Cited 
UNITED STATES PATENTS 

2,536,896 1/1951 Wood ......................... .. 137/238 

2,563,385 8/1951 Warcup.... 137/238 
2,584,083 l/l952 Mellett ......... .. 137/238 
2,653,116 9/1953 Whitcomb et a1. . 134/22 X 
2,732,232 l/1956 Whit?eld .................... .. 277/1 X 
3,090,393 5/1963 Valentine ................... .. 134/169 
3,142,306 7/1964 Boka ...... .. 134/166 

3,194,342 7/1965 I-leim ...... .. 277/1 X 
3,196,888 7/1965 Rousseau ......... .. 134/34 X 
3,407,099 10/1968 Schell ............... .. 134/22 X 

3,445,286 5/1969 Smith et al .................. .. 134/34 X 

FOREIGN PATENTS 
1,092,149 4/1955 France ....................... .. 134/24 
329,239 5/1930 ' Great Britain .............. .. 277/1 

Primary Examiner-Joseph Scovronek 
Assistant Examiner-Barry S. Richman 
Attorneys- Robert E. Burns and Emmanuel J. Lobato 

ABSTRACT: An improved cleaning method for liquid supply 
ing equipment composed of a vertical tank and a liquid trans~ 
portation means, in which the inside wall surface of the tank is 
cleaned by cleaning liquid flows covering the whole wall sur 
face to be cleaned, and the cleaning liquid supplied into the 
tank is discharged at the same ?ow rate as the supply ?ow 
rate. At the same time, the sealing means of the liquid trans 
portation means is cleaned by fresh cleaning liquid. 
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AN IMPROVED METHOD OF CLEANING EQUIPMENT 
FOR SUPPLYING LIQUID 

The present invention relates to an improved cleaning 
method for eliminating unnecessary liquid layers remaining on 
internal wall surfaces of equipment for supplying liquid, and 
more particularly relates to an improved cleaning method for 
eliminating unnecessary liquid layers remaining on internal 
wall surfaces of equipment for supplying liquid, which is com 
posed of a vertical tank and means for transferring the liquid, 
by positively introducing a cleaning liquid thereinto. 

Generally, equipment for supplying liquid, which comprises 
a vertical tank, a liquid transferring pump, liquid conduits and 
means for connecting those elements, is preferably used for 
preparation, mixing, promotion of chemical reaction, storing 
and transporting of solutions, emulsions or suspensions of 
dyes, pigments, sizes, acids, alkalis, salts and surface active 
agents. 

In case this type of equipment is intended for processing 
multiple kinds of liquids, the first processed liquid has to be 
eliminated completely from the inside of the equipment prior 
to the introduction of a liquid to be processed subsequently. 
This elimination is indispensable in order to prevent an unex 
pected mixing of both liquids. Generally, this elimination is 
carried out by introducing a cleaning liquid, more particularly 
a cleaning water, into the equipment for cleaning of the inter 
nal wall surface of the equipment. Despite popular application 
of this kind of cleaning operation in the industrial process, 
hardly any proposals have been made concerning a method 
and apparatus for carrying out the operation in a most effi 
cient manner. For example, in case a remarkably foamy liquid 
such as a surface active agent is left in the liquid supplying 
equipment, it has been quite a task to completely eliminate the 
remaining liquid within as short a time as possible using a 
small quantity of cleaning liquid while effectively preventing 
formation of liquid foams. Nevertheless, it will be well un 
derstood that an accurate and quick cleaning operation is a 
very important key in carrying out all the processes including 
the liquid supplying operation in a smooth condition with 
minimum processing troubles. Particularly, recently 
developed automatic-control systems using a manner of pro 
gramming control have been introduced into various industri 
al processes, and then the cleaning operation set in the pro 
gram must be carried out accurately in conformity to the 
planned program. 
A principal object of the present invention concerns a 

provision of a novel and excellent method for completely 
cleaning unnecessary liquid layers remaining on internal wall 
surfaces of equipment for supplying liquid using a cleaning 
liquid of the smallest quantity possible within the shortest time 
possible. 

Further features and advantages of the present invention 
will be more apparent from the ensuing description, reference 

' being made to the accompanying drawings in which; 
FIG. 1 is a side view, partly in section, of an embodiment of 

cleaning apparatus for carrying out the method of the present 
invention used for vertical tank-type equipment, 

FIG. 2 is an explanatory drawing for showing the opera 
tional principle of the cleaning method of the present inven 
tion used for vertical tank-type equipment, 

FIG. 3 is a graphical representation of a relation between a 
pressure of a cleaning water to be ejected against an inside 
wall surface of the vertical tank, a width of a liquid ?ow 
formed on the wall surface by the ejected cleaning liquid and 
an included angle between the ejected jet flow of the cleaning 
liquid and the inside wall surface, 

FIG. 4 is a graphical representation of a relation between a 
cleaning liquid ?ow rate per one ejection nozzle, the width of 
the'liquid ?ow on the wall surface and a distance between the 
ejection nozzle outlet and the wall surface, 

FIG. 5A is a plan view of an embodiment of cleaning ap 
paratus for carrying out the method of the invention used for a 
vertical tank, 

FIG. 5B is a front view, partly in section, of the apparatus 
shown in FIG. 5A, 
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2 
FIGS. 6 to 9 are partial sectional front views of other em 

bodiments of cleaning apparatus used for a vertical tank, 
FIG. 10 is a sectional side view of an embodiment of the 

cleaning liquid ejection nozzle used in the cleaning method of 
the invention, 

FIG. II is a sectional front view of an embodiment ofclean 
ing apparatus for the method of the invention used for a liquid 
transfer pump, 

FIG. 12 is a section taken along a line A-A in FIG. 11, 
FIG. 13 is a partly sectional side view of an embodiment of 

cleaning apparatus for the method of the invention used for a 
connection ?ange of a liquid transportation pipe, 

FIG. 14 is a partly sectional side view of another embodi 
ment of the cleaning apparatus for the method of the inven 
tion used for a connection ?ange of a liquid transportation 
pipe. 

In FIG. I, a vertical tank 1 is provided with a cleaning liquid 
ejection pipe 4 and a bottom discharging outlet 5. The clean~ 
ing liquid ejection pipe 4 is disposed at the upper opening of 
the tank I and a cleaning liquid 3, for example cleaning water, 
is ejected therefrom towards an inside wall surface 2 of the 
tank 1. The liquid contained in the tank I is discharged out of 
the tank 1 through the outlet 5 and a liquid transportation pipe 
7 by a liquid transfer pump 6. The ejection pipe 4 is provided 
with a plurality of ejecting nozzles 8 directed towards the in 
side wall'surface 2. The following three requirements should 
be satis?ed for the most effective cleaning results of the inside 
wall surface 2 by the ejected cleaning liquid 3. 

Firstly, the cleaning liquid 3 ejected toward the wall surface 
2 and contacting therewith should not splash thereon. This is 
because the splashed cleaning liquid does not take part in the 
cleaning of the wall surface 2. 

Secondly, the wall surface to be cleaned should be 
completely covered without any rift by a continuous layer of 
the cleaning liquid flowing down along the wall surface 2. Any 
rift in the cleaning liquid layer will remain as uncleaned por 
tions of the wall surface 2 and an incomplete and insu?icient 
cleaning effect will result. 

Thirdly, the cleaning liquid ?owing to the bottom of the 
tank 1 should be discharged instantly therefrom without 
remaining there. When the liquid remains at the bottom of the 
tank 1, a large quantity of ?oats such as foam will develop 
over the liquid surface and such ?oats are dif?cult to 
discharge through the discharging outlet 5. 
How the above-described three requirements are satis?ed 

by the method of the present invention will hereinafter be ex 
plained. First, a method for satisfying the ?rst requirement will 
be explained with reference to FIG. 2. Let us de?ne that l is a 
distance between the ejecting nozzles 8 and the wall surface 2 
of the tank, 2R is an internal diameter of the ejection pipe 4, 
2r is an internal diameter of the nozzles 8, a is an included 
angle between the wall surface 2 and the nozzles direction 
(hereinafter called directing angle), 0 is a ?ow rate in 
liter/min. of the cleaning liquid ejected through a single noz 
zle, W is an average width of the liquid ?ow layer formed on 
the wall surface in mm. and Pr is a pressure of the cleaning 
liquid supplied to the ejection pipe 4 in mm. Hg. In this ar 
rangement of the apparatus, I is varied from 5 to [0 mm., 2R 
from 10 to 40 mm., 2r from 2 to 10 mm. and a from 30 to 80", 
water is used for cleaning the wall surface 2 of the tank I and 
the resulting experimental relationships between a, Pr and W 
and between 0, W and l are graphically shown in FIGS. 3_ and 
4 respectively. As is apparent from FIG. 3, the value of W in 
creases with the increase in the value of Pr and with the 
decrease in the value of 0:. Further, it was revealed that, pro 
vided that the value of 2r is sufficiently smaller than the value 
_o_f_ 2R, the value of I has almost nothing to do with the value of 
W. This is clearly shown in FIG. 4. 
The relation between W and a will now be described in 

more detail. The value of W shows little change when the 
value of a is smaller than 45°, while it is suddenly decreased 
when the value of or exceeds 60°, for example when the value 
ofa becomes 85°. This is due to the amount of cleaning liquid 
splashing on the wall surface increases as the value of or ex 
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ceeds 60° and, resultingly, the amount of the cleaning liquid 
?owing down along the wall surface decreases accordingly. 

It has become apparent from the foregoing discussions that 
the value of the directing angle a should be smaller than 60°. 
Also, in case the wall surface is not vertical but inclined, the 
value of the directing angle a is required to be smaller than 
60°. 
- How to satisfy the above -presented second requirement 
will hereinafter be explained. In case the respective liquid 
?ows ejected from the respective ejecting nozzles form inde 
pendent flows falling down along the wall surface, it is neces 
sary that the thus formed mutually adjacent ?ows combine 
together at a 'position not lower than the upper end of the wall 
surface to be cleaned and form a single successive flow layer 
covering all the wall surface to be cleaned without any rift, in 
order to completely clean the wall surface. 
An experimentally obtained relation between O, W and I is 

graphically illustrated in FIG. 4, whereby it is con?rmed that 
the value of W is substantially constant even when the value of 
[changes in a range from 17 to 45 mm. and that the value ofw 
increases with the increase in the value of Q. The following 
relation was con?rmed to exist between Q and w; 

Q = 0.016??? (1) 
For the successive combination of the neighboring liquid 
?ows, a distance P between the ‘liquid ejecting points on the 
wall surface must be related t_o Was follows. 

I’5 W (2) 
Provided that the value ofl was so selected as to be suf? 

ciently smaller than the value of 2R, a distance p between the 
neighboring ejecting nozzles can be related to the distance P 
as follows. 

P = P (3) 
By inserting relations given by the formulas (2) and (3) into 

the formula ( l ), the following relation will result. 

From the result showrrin the formula (4), it is apparent that 
the distance p between the ejecting nozzles can be designed by 
making reference to the value of the cleaning liquid flow rate 
Q. 
Consequently, the above-described second requirement can 

be well satis?ed by forming the ejecting nozzles 8 on the ejec 
tion pipe 4 with the distance p calculated from the value of the 
cleaning liquid flow rate 0 using the above-presented formula 
(4). 

Next, how to satisfy the third requirement will be explained. 
Referring back to FIG. 1 again, let us suppose that the total 

?ow rate of the cleaning liquid ejected into‘the tank I through 
the ejecting nozzles 8 is Qs and the ?ow rate of the cleaning 
liquid discharged out of the tank I through the discharging 
outlet 5 is Qd. Then, the following relation should be satis?ed 
so that no cleaning liquid will be maintained within the tank 1 
without discharge. 

Q8 = Qd (5) 
Supposing that the discharging rate of the liquid transfer pump 
6 is Qc, the following relation will be induced. 

QC; Q4 (6) 
By inserting the formula (5) into the formula (6), the follow 
ing relation will result. 

Qt‘; Qs (7) 
Thus, the above-described’ third requirement is fully satis?ed 
when the discharging rate of the liquid transfer pump 6 is not 
smaller than the ?ow rate of the liquid to be supplied into the 
tank 1. 

Several embodiments of cleaning apparatus for carrying out 
the method of the present invention used for vertical tank 
type equipment are illustrated in FIGS. 5A to 10. 

In the embodiment shown in FIGS. 5A and 5B, the cleaning 
liquid is supplied to the ejection pipe 13 from the main con 
duit 11 through the branch conduit 12 radially connecting the 
two. The ejection pipe 13 is annularly disposed in the top 
opening of the tank 1 with a plurality of ejecting nozzles 14 
facing the inside wall surface 2 of the tank 1. The nozzles 14 
are formed through the ejection pipe 13 in a line at a given 
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4 
constant interval and the cleaning liquid is ejected against the 
wall surface 2 through the nozzles 14. 

Another embodiment of the cleaning apparatus of the in 
vention is shown in FIG. 6, wherein the main conduit 1] is 
connected to a pair of spaced superimposed ejection pipes 13:: 
and 13b and the cleaning liquid is simultaneously ejected 
through the nozzles 14 formed thereon. 

In this case, an effective horizontal distance p between 
neighboring nozzles 14, including nozzles of both pipes 13a 
and 13b, is de?ned as shown in the drawing. That is, the 
distance p is de?ned as a distance between neighboring noz 
zles being in a relation that the cleaning liquid ejected from 
the nozzles forms neighboring ?ows on the wall surface. 

In the modi?cation shown in FIG. 7, the main conduit 11 is 
connected to a spirally coiled ejection pipe 15 and the 
distance p is also de?ned as shown in the drawing in the same 
manner as mentioned above. The central axis of the spiral coil 
substantially coincides with that of the tank. 

In the embodiment shown in FIG. 8, the main conduit II is 
connected to an ejection pipe 16 of a particular cross-sec 
tional pro?le. The cross-sectional pro?le consists of a pair of 
parallel sides and a pair of arcs connecting the parallel sides 
and one of the pair of sides 19 faces the wall surface 2 with a 
parallelly spaced relation. The side 19 is provided with a plu 
rality of nozzles 14 formed thereon in two lines and the 
distance p is de?ned also as is shown in the drawing in the 
same manner as mentioned above. 

In the embodiment shown in FIG. 9, the ejection pipe 17 is 
provided with a cross-sectional pro?le the same as that of the 
ejection pipe 16 of the preceding embodiment. However, 
because the wall surface 2 of the tank I is inclined as shown in 
the drawing, one of the pair of parallel sides 20 is accordingly 
inclined in conformity to the inclination of the wall surface 2. 
The ejection pipe 17 is provided with a plurality of nozzles 14 
formed thereon on three lines and the distance p is also 
de?ned as shown in the drawing in the same manner as men 
tioned above. Although the geometrical arrangement of the 
nozzle 14 on the ejection pipe is not limited only to one, two 
and three lines, the distance p is given by an effective horizon 
tal distance between a pair of virtual lines drawn vertically 
from a pair of neighboring nozzles, including nozzles formed 
on different ejection pipes. 
There is no particular limitation with respect to the shape of 

the liquid ejecting nozzles. It can be formed either by piercing 
the peripheral wall of the ejection pipe or by disposing a 
beaklike nozzle 18 to the ejection pipe as shown in FIG. l0. 
The mentioned directing angle of the ejected liquid can be ad 
justed as desired by changing the shape and internal diameter 
of the nozzle. 

In the cleaning system of the present invention, the cleaning 
liquid falling down to the bottom portion of the tank 1 is com 
pulsively discharged out of the tank I through the liquid trans 
portation pipe 7 by the liquid transfer pump 6. During this 
discharge, the internal wall surfaces of the pump and the pipe 
can also be cleaned by the cleaning liquid passing 
therethrough. 
A rotary shaft of the pump is connected to an external driv 

ing source and ajoint of the shaft with the pump is completely 
sealed by suitable packings. Further, joints of the transporta 
tion pipe with' the pump or with the tank are generally sealed 
by packings of the joint ?anges. It is well known that dif?cul 
ties exist in the complete elimination of the used liquid per 
meating into such sealing means of the joint parts. For exam 
ple, when a colored liquid is ?rst processed through the system 
and another liquid is subsequently processed therethrough, it 
has been often experienced that the latter is contaminated by 
the former because the former has already permeated in the 
sealing means of the joint parts. 

Referring to FIGS. 11 and 12, an embodiment of the clean 
ing apparatus of the present invention used for cleaning of this 
sealed part of the liquid transfer pump is shown. In the em 
bodiment, a casing 21 of the pump is provided with an opening 
22 for accepting a rotary shaft 23 of the pump, which extends 

AW 
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therethrough and is connected to a rotary blade 24. Enclosing 
the opening 22, a projection 25 is disposed to a sidewall 27 of 
the casing 21 and an internally threaded cap 26 vis inserted 
over the projection 23. One end of the cap 26 is provided with 
a partial opening for passing the rotary shaft 23. Inside the cap 
26, a packing 2%, an annular body 29 and another packing 30 
are provided as shown in the drawings, of which the packing 
23 is disposed contacting the sidewall 27 of the casing 21 for 
sealing the clearance between the rotary shaft 23 and the 
opening 22 of the casing 1 while the packing 30 disposed con 
tacting the partly opened end of the cap as for sealing the 
clearance between the rotary shaft 23 and the partial opening 
of the cap 26. The annular body 29 is provided with an inter 
nal cavity forming the first annular chamber 31 around the ro~ 
tary shaft 23 passing therethrough. The annular body 29 is 
further provided with more than one liquid passage 35 formed 
through a peripheral wall thereof. The cap 26 is also provided 
with an internal cavity which fonns the second annular 
chamber 33 around the outer periphery of the annular body 
29 as shown in the drawing. A water path is provided through 
the peripheral wall of the cap 26 and is connected with a liquid 
inlet conduit 34. Q 

The method of cleaning the sealed parts of the system will 
hereinafter be explained in connection with the above 
presented cleaning apparatus. 
The cleaning water supplied to the system through the 

liquid inlet conduit 34 is introduced into the ?rst annular 
chamber 31 passing through the second annular chamber 33 
and the water path 35. Next, the introduced cleaning water 
further permeates into the clearance formed in between the 
rotary shaft 23 and the packing 28 and conducted into the 
liquid transfer pump 6. During this permeation, the cleaning 
water eliminates previously processed liquid from the sealed 
portion. Further, although a small quantity of contaminated 
liquid comes into the ?rst annular chamber 31 through the 
packing 28 during rotation of the pump, it can be diluted with 
the cleaning water already in the first annular chamber 31 and 
has nothing to do with further contamination of the packing 
30. Moreover, by successively supplying a small quantity of 
water into the system throughout the rotation of the pump, the 
packing 28 can be always kept in a noncontarninated condi 
tion. 

lt has also been extremely difficult to completely eliminate 
liquid contaminating the sealed portions of a joint flange used 
in the discharging path of the cleaning liquid. in this connec 
tion, FIGS. 13 and 14 show embodiments of the apparatus for 
cleaning the sealed portions of the above-mentioned joint 
?ange. 

in the embodiment shown in FIG. 13, respective liquid 
transportation pipes 41 and 42 are provided with a pair of fac 
ing ?anges 43 and 44, which are engaged to each other by 
bolts 46 and nuts 47 with a packing 45 inserted between the 
two. The surface of the ?ange 43 facing the ?ange 44 is pro‘ 
vided with an annular groove 48 encircling the liquid transpor 
tation pipe 41 and forming an annular chamber between the 
facing ?anges 43 and 44. This annular groove 48 is actually 
connected to the internal hollow of the pipeline because of the 
existence of a slight slit formed between the facing termina 
tion of the pipes 41 and 42 as shown in the drawings. The bot 
tom of the annular groove 48 is provided with a liquid path 49 
connected to a liquid inlet conduit 50. 

In the above-presented arrangement of the system, the 
cleaning water is supplied to the system through the inlet con 
duit 50, introduced into the annular groove 43 passing 
through the liquid path 49 and permeates into the internal hol 
low of the pipe line through the slight slit. By this permeation 
of the cleaning water, the slit can be well cleaned. The con 

10 

h 
taminated liquid coming back into the annular groove 43 dur 
ing this cleaning procedure can be diluted with the cleaning 
water ?lling the annular groove 48 and has nothing to do with 
further contamination of the packing 45. By successively sup 
plying a small quantity of water to the annular groove 48, un 
favorable introduction of the contaminated liquid into the an 
nular groove 43 can completely be prevented. 
A modi?cation of the embodiment of FIG. 13 is illustrated 

in FIG. M. In this modi?ed embodiment, not only the ?ange 
43 but also the ?ange 44 is provided with an annular groove 
511 formed in a position corresponding to the annular groove 
45 of the ?ange 43. In between both annular grooves 48 and 
31, a packing 45 having a plurality of apertures 52 for con 
necting the two grooves 43 and 51 is inserted for sealing the 

15 joint part of the pipe 41 and 42. 
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The cleaning water supplied through the inlet conduit 50 is 
introduced into the groove 51 passing through the groove 48 
and the apertures 52 as shown with arrows in the drawing and 
the contamination of the packing 45 is cleaned by the cleaning 
water in the grooves 48 and 51. 
By the employment of the method and apparatus of the 

present invention, the liquid supply equipment can be cleaned 
effectively within an extremely short period of time using a 
necessary minimum quantity of cleaning liquid particularly 
when the equipment is intended for processing variously 
colored liquid or various types of chemical liquid in a given 
succession. The advantage of the present invention will be 
more appreciated in the case of an automatic liquid transpor 
tation indispensable for chemical processes. 

What is claimed is: 
l. In cleaning of internal walls of equipment for supplying 

liquid having a vertical-type tank and means for transporting 
said liquid from said tank; a cleaning method comprising 

a. supplying a cleaning ?uid to said tank at a predetermined 
rate, 

b. ejecting a plurality of cleaning liquid ?ows towards the in 
side surface of a peripheral inside wall of said tank at a 
position now lower than an upper extent of a portion of 
said inside surface of said wall to be cleaned in such a 
manner that directing angles of said ejected ?ows are 
smaller than 60° and that a distance p in mm. between a 
neighboring pair of said ejected ?ows is de?ned by 

p E Q/0.0l6 
wherein Q is a flow rate‘ of said one said ejected ?ow in 
liters/min, 

c. compulsively discharging said supplied cleaning liquid 
out from said tank at a discharging ?ow rate equal to said 
predetermined rate, 

d. advancing said discharged cleaning liquid through said 
transporting means and 

e. concurrently introducing fresh cleaning liquid from a 
supply source thereof into an external portion of a sealing 
means of said liquid transporting means so as to pass 
therethrough into said liquid transporting means. 

2. A cleaning method according to claim 1, wherein said 
tank has a peripheral sidewall of circular cross section and 
wherein said cleaning liquid is directed toward the inside sur 
face of said sidewall of said tank simultaneously throughout 
the circumference of the tank. 

3. A cleaning method according to claim ll, wherein said 
transporting means comprises a rotary pump having a rotary 
shaft, and wherein said fresh cleaning liquid is introduced into 
an annular chamber around said shaft. 

4. A cleaning method according to claim 3, wherein said 
fresh cleaning liquid is introduced radially into said chamber 
at a plurality of points around its circumference. 


