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In the storage, refining and transporta 

tion of petroleum and its products, the tanks 
and containers which are used may become a 
potential fire hazard for the reason of the Spresence of explosive vapors. Among the 
apparatus in which these fire hazards may 
exist, are field and refinery storage tanks, dis 
tributing tanks, stills, absorber towers, frac 
tionating columns, pipe lines, compartments 

10 on tank ships, tank cars, tank trucks, and bar rels and drums. 
When the containers are properly con 

structed and maintained substantially full of liquid or gaseous hydrocarbons, the explosive 
ls hazard is negligible because such gases as may 

occupy the vapor spaces are generally too 
rich to burn, except in the presence of air. 
However, when the hydrocarbon contents are 
drawn off, the incoming air toreplace thema 

20 terial withdrawn tends to dilute the rich 
gases in the vapor spaces, with the result that 
the containers may become filled or partially 
filled with high explosive mixtures of petro 
leum vapor and air. It is evident that dur 
ing the process of freeing a container of in 
flammable gas and replacing such gas with 
air, there must be a period during which the 
relative amounts of air and gas are such as to 
constitute an explosive hazard. 

30 The explosive hazards in containers of in 
flammable fluids is particularly high at the 
time when these containers are sought to be 
cleaned. At such time, it is generally cus 
tomary to, at least as a final operation, re 
place the gas or vapors of the container with 
air. Since explosive mixtures of petroleum 
vapors and air may be formed when the rela 
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tive amounts of the two gases or vapors are 
between approximately sixteen parts of air 
parts of air to one of petroleum vapor, it is 
obvious that explosive mixtures may prevail, 
while there are possibilities of ignition from 
many causes, such as lighting of matches, 
accidentally struck sparks, static electricity 
or spontaneous combustion due to the char 
acter of the vapor itself. Spontaneous com 
bustion is to be particularly feared in han 
dling high sulfur oils such as those obtained 

0 from Mexico and West Texas fields. It ap 

to one of petroleum vapor, and eighty-five 

pears that the vapors of these oils may be 
charged with hydrogen sulfide and other sul 
fur derivatives which tend to form pyro phoric compounds which may ignite spon 
taneously on contact with the oxygen of air. 
It is necessary, in cleaning the container, 
not only to remove the volatilized vapors 
within the container, but also the unvol atilized vapor forming hydrocarbons which 
cling to the walls and the bottom of the con 
tainer. When such unvolatilized hydrocar 
bons are not removed, they may later vaporize 
and an explosive mixture beformed. 

Heretofore, the method used for cleaning 
containers of the inflammable fluids, has 
generally been the steaming process. Due to 
its rapid condensation, steam is very inef 
fective for use in flushing out the volatilized 
combustibles and in practice, it is found that ... 
several prolonged steamings must be resorted 70 
to, involving great waste of heat and time 
before the inflammable vapors-can properly 
be removed, and the container walls must be 
thoroughly washed down with a fire hose or 
chemicals between each ing operation. 

Furthermore, during the entire cleaning 
process, the container may, and frequently 
does, contain explosive mixtures of combus-- 
tible vapor and air. Under these circum 
stances, the presence of men inside of the 
tank being cleaned, not only increases the 
possibility of explosions, but introduces the 
possibility of asphyxiation or poisoning due 
to the character of the vapor that may ex 
ist or be produced in the tank. The steam 
ing process of cleaning tanks has the addi 
tional disadvantage that the heat of the 
steam causes certain residual materials in 
the oil, such as asphalt, to bake into enamel 
like coatings on the tank walls. 

It is a general object of the present inven 
tion to provide a method of handling and 
cleaning containers for inflammable fluids 
which will eliminate, to a large extent, ex 
plosive hazards. More particularly, an ob. 
ject of the invention is to provide a method 
and apparatus for operating upon and clean 
ing containers of inflammable vapors which 
includes the displacement of the inflammable vapors by oxygen-lean gases, so that the in 
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2 
flammable vapors may be removed from the g 
tank without at any time forming an explo 
sive mixture of vapor and air. 
A further object of the present invention 

is is to provide a method and apparatus by 
means of which flue gases may be economical ly and safely employed as the oxygen-lean 
gas used for displacing the inflammable va 
pors of the container. Another object of the present invention is to provide a process and apparatus by means 
of which the unvolatilized materials within 
the container may be flushed off by a liquid, 
such as hot water, soap solutions, etc., si 
multaneously with the displacement of the in 
flammable vapors by an oxygen-lean gas, and 
to provide a process and apparatus in which 
this may be accomplished without the neces 
sity of workers entering the containers. Various further objects and advantages of 
the present invention will appear from a de 
scription of a preferred form or example of a 
process and apparatus for handling or clean 
ing containers embodying the invention. 
V ? this purpose, the preferred process and 
apparatus is hereinafter described in connec tion with the accompanying drawings, in 
which- . . ; Figure 1 is a diagrammatic elevation. 

Figure 2 is an enlarged vertical section of a 
solution distributor means within the con 
tainer to be cleaned. . . 

Figure 3 is a large vertical section of the 
cooler 7; and . Figure 4 is an enlarged detail of the safety 
valve structure. 

Referring to the drawings: 
2 represents a steam boiler or any suitable 

source of flue gases in which 3 is the fire box 
or combustion chamber of thesteamboiler and 
4 is a stack from which the products of com 
bustion are withdrawn. The flue gases from 
stack 4 are taken by line 6 and passed through 
a valve 5 into a cooler 7. In the cooler 7, the 

: gas is cooled to a temperature below the igni 
tion temperature of the inflammable hydro 
carbons within the container to be cleaned. 
In the cooler 7 the cooling is effected by hav 
ing the gas bubble through cooling water, 
the cooling water being supplied by line 8, 
and discharged from the cooler through line 
9. Inside of the cooler, the water is indicated 
as being sprayed by means 8-a, into the up 
rising flue gases. 
The flue gases are further and more posi 

tively cooled by being passed through one or 

0. 

more decks of bubble caps similar to those . 
used in fractionating columns. The gas 

so passes from the pipe 6 into the lower section 
or compartment of cooler 7, thence upward 
through the deck by way of the bubble caps 
9a, which caps cause the gas to reverse its di 
rection of flow and bubble through the water 

65 held on the plate 9b at a predetermined depth 
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overned by the height of the water overflow 
line 9 above the plate. o Means are provided for separating en 
trained moisture from the stream of gas leav 
ing the cooler. This may be of the centrifu 
gal separator type or any other type. The 
separator may be an integral part of the cool 
er orthe line asit leaves the cooler, orit may 
be the individual piece of equipment shown 
as 10. For this purpose, a line 33 is indi 
cated, which conveys the flue gases into a 
separator 10. It has been found desirable to 
use this moisture separator to insure that no 
slugs of water get into the blower to damage 
it or interfere with its operation. A further 
consideration is the removal of all entrained 
moisture carrying sulphur compounds such 
as sulphur dioxide or hydrogen sulfide which 
may be present in the flue gas and which 
might contaminate the oil in the tank 17 or 
have a corrosive effect on the metal, if flue 
gas were admitted during the course of nor 
mal operation. From the separator 10, the 
flue gases are drawn through the line 34 by a 
blower 11 which provides a means for forcing 
the flue gas through the remainder of the ap 
paratus. In certain cases, the pressure on 
the flue gases may be sufficient for this pur 
pose, without the addition of the blower 10, 
and hence, a line 35 is indicated bypassing the 
blower 11, which line is shown as provided 
with a valve 36. 
The blower 11 and bypassline 35 are shown 

as connected by a line 37 with the tank 17 
which is to be cleaned, by the process and ap 
paratus of the present invention. Means are 
provided for insuring that the fue gas in line 
37 will not be forced into the container 17 
when said flue gas, has not been properly 
cooled to the temperature below the ignition 
temperature of the vapors within the contain 
er. Said means includes a spring loaded 
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safety valve 12 in the line 37 which is con 
nected with the line 13 to be actuated by pres 
sure drop by failure of cooling water supply 
in line 8. Thus, whenever the cooling water 
? in the line 8 fails, the head on the safety valve 12 from line 13 drops and the 
valve closes, preventing flue gas Ptoo high a 
temperature being delivered into the tank 17. 
There is also preferably provided, as an 

additional safeguard, a fusible link 14 with 
in the line 37, so that if the temperature of 
the fue gases in the line exceeds a predeter 
mined point, the fusible link will melt and 
cause the pilot valve 14a to simultaneously 
shut of the water pressure or head on the 
safety valve 12 and vent the pressure line be 
tween the pilot valve 14a and the safety valve 
12 to the atmosphere. Safety valve 12 being 
spring loaded against water pressure, the 
venting of the pressure line will permit the 
valve 12 to close. 
There is also preferably provided, a means 

which will prevent the possibility of passage 
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of inflammable gases from the tank 17, back 
wards through the apparatus thus described, 
and working into the boiler stack 4. A pre 
ferred form of such means constitutes a check 

5 valve 15 in the line 37. As a further pro 
tection, a relief valve 16 is installed in line 33 
adjacent the cooler 7, so as to vent the line 33 
whenever the back pressure in the line exceeds 
that required to break down the water seal in 
the cooler 7 and permit the flow of inflamma 
ble gases into the boiler stack 4. 
The fue gases entering the tank 17 from 

line 37 through the outlet 18, displace the 
hydrocarbon vapors from the tank and cause 
said vapors to discharge through line 19 and 
stack 20, from which they may be harmlessly 
released to the atmosphere. While the flue 
gas is shown as entering the bottom of the 
tank and the gases from the tank 17 dis 
charging from the top, this arrangement may 
be reversed if desired. 

It is also obvious that in place of releasing 
the mixed gases from the tank 17, as de 
scribed, from the stack 20, the gases may 
be passed through suitable recovery appa 
ratus for condensing and collecting the use ful hydrocarbon vapors. 
While the hydrocarbon vapors in the tank 

1 are being displaced by the flue gas, a 
cleansing slution, or water, preferably hot 
is continually introduced into the tank from 

O 
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a line 21 by means of a rotary nozzle ao. The 
nozzle is swiveled so as to direct a moving 
stream of hot water against the interior sur 
faces of the tank, thus washing down or va 
porizing such liquid hydrocarbons as may be 
adhering to the metal. The nozzle 22 is pro 
vided with means enabling the nozzle to 
cause each portion of the inner tank surface 
to be directly struck by a stream of flushing 
water, which thereby insures a complete 
cleaning of the tank of any hydrocarbons 
capable of thereafter vaporizing and form 
ing combustible gases. A draw-off line and 
valve 24 is shown in the bottom of the tank 
17 for removing the water and any liquid 
hydrocarbons which may have been washed 
down during the cleaning process. 
The nozzle shown in Figure 2 may be used, 

which nozzle comprises a sleeve 26 mounted 
upon a plate 25 which may be the top plate 
of the tank or a plate of the same dimensions 
as a customary manhole cover of the tank, 
so that the plate 25 may replace the manhole 

5 over during cleaning operations. The sleeve 
or tube 26 is rigid with the water supply line 
21 at its upper end, and at its lower end, 
it supports the nozzle rotating tube 38. The 
nozzle rotating tube 38 provides a horizontal 

O bassage for water communicating with water 
passages in the sleeve 26 and the supply line 
21. At its ends, the nozzle rotating tube 38 
is provided with oppositely faced nozzles 
30 and 31, which are revolvably mounted 
upon the rotating tube or distributing head 
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So as to revolve relative to the tube 38, on 
an axis at right angles to the axis of revo 
lution of the tube 38. The nozzles 30 and 
31, therefore, have a sort of planetary mo 
tion in operation. In order to maintain the 
nozzles 30 and 31 in proper relationship and 
to drive the same, nozzles 30 and 31 are con 
nected together by a rod 32 having square 
ends fitted in square sockets in the nozzles 30 
and 31, so that the rotation of one nozzle ro 
tates the other. Additionally, the nozzle 30 
is integral with a beveled gear 32a engaging 
a bevel gear 33a, integral with the tube or 
sleeve 26 of the nozzle, so that rotation of 
the distributing head 38 relative to the sleeve 
26 will cause a revolution of the nozzle tips 
30 and 31 relative to the distributing head. 

Preferably, a means is provided for driv 
ing the distributing head other than, or in 
addition to the force of water or liquid sent 
through the nozzle and for this purpose, the 
distributing head is indicated as connected 
by rod 28 to a means such as a gear 23 above 
the sleeve 26, where power may be applied 
for revolving the distributing head. 

In operation of the nozzle, hot water is 
turned on from the supply 21, and the rod 
28 is revolved, causing the distributing head 
38 to rotate in a horizontal plane. As the 
distributing head moves, the tips 30 and 31 
revolve with a planetary motion by reason 
of engagement of the gear 32a and the 
gear 33d. S-. r 

Preferably, there is a difference in the 
number of teeth or gears 32a and 33a respe 
tively, so that the helical path of the water 
discharged from the nozzle tips 30 and 31 
will be in different positions at different suc 
§??????? of the distributing head 88, so that successive helical paths will not 2:5 
coincide ???????????????????????????????? surface of the tank will be struck by the Seharging 
stream of water. - 
By means of the present invention, a proc ess of removing unvaporized liquid hydro 

carbons is carried out simultaneously with 
the operations of removing the hydrocarbon 
vapors, and such operations take place with 
out the necessity of introducing air into the 
tank or without the necessity of an operator 
entering the tank, so that all portions of the 
hydrocarbon, both liquid and vapor, are re 
moved from the tank without the formation 
of an explosive mixture. 
After complete scavenging of the tank of 

its hydrocarbon content, the manhole to the 
tank may be removed and air admitted if 
desired, without this operation resulting in 
the danger of formation of explosive mix 
tures. 
While the method and apparatus herein 

described for operating upon and cleaning 
tanks, containers or receptacles for hydro 
carbons, liquid or gas, is well adapted for 
carrying out the objects of the present in- - - 
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vention, it is understood that the invention 
is not limited to the particular details of the 
preferred form of the invention, but the in 
vention includes all such changes, modifica 

stions and substitutions or equivalents as come 
within the scope of the appended claims. , 
We claim : 
1. A process of operating upon a container 

of inflammable vapors, which comprises dis 
placing the inflammable vapors from said 
container by means of an inactive oxygen 
lean gas, and simultaneously washing the in 
terior of the vessel for the removal of any 
liquids capable of forming inflammable va 
OTS 
? 2. A process of operating upon vessels con 
taining E. hydrocarbons capable of pro 
ducing inflammable, vapors, which comprises 
cooling flue gases to below the ignition tem 
perature of the inflammable vapors...inject 
ing said flue gases into said vessel for dis placement of the hydrocarbon vapors, and 
simultaneously washing the interior surfaces 
of the vessel for removal of the liquid hydro 

25 carbons. 
3. A process of cleaning a container which 

has held a hydrocarbon capable of forming 
inflammable vapors, which a comprises pro 
ducing flue gases, cooling said flue gases be 

s 

30 low the ignition temperatur? of said inflam 
mable vapors. introducing said gases into the 
vessel to be cleaned to displace the hydrocar 
bon vapors, and simultaneously Washings 
interior of the container with a hot wing 

3S liquid.?????? 
4. A process of cleaning volatile combus 

tible substances-from containers which in 
cludes, flushing said containers with a gasin-1 capable of burning or supporting combstion 
¥???? ??? of said containers with a quid, simulta sly with the flushing of 
the volati combustible vapors from said 

ainer, and then-replacing the said gas by 
8. 

5. A process of removing volatile combus 
tible substances from a container, which in 
cludes cooling flue gases below the ignition 
temperature of the combustible vapors with 
in the said container by passing said flue gases through cooling water, separating en 
ing said gases into the container to be 
cleansed, simultaneously washing the inte 
rior surfaces of the vessel with hot water dis 
tributed successively as a jet over the differ 
ent portions of the interior area of said con 
tainer, and removing mixed gases from said 
container. 

6. A process of removing volatile combus 
tible substances from containers, including 
supplying a gas incapable of supporting com 
bustion, contacting said gas with coolingwa 
ter to cool the same below the ignition tem 
perature of the combustible vapors within the 

* said container, separating-entrained mois 
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ture from said gas, introducing said gas into 
the container to be cleaned, simultaneously 
spraying the interior walls of said container with a liquid for flushing down said interior 
Walls, drawing of the liquid, and removing 
the mixed gases, and vapor. 

7. In an apparatus for cleaning tanks, 
means for supplying flue gases, means for 
cooling said flue gases, means for introducing 
the flue gases into a tank to be cleaned, means for shutting off the supply of flue gases auto 
matically on failure of said cooling means, 
and means for preventing the passage of in 
flammable vapors backward through the 
means for supplying and cooling the noncon- so 
bustible vapors. 8. An apparatus for cleaning tanks which 
comprises, means for supplying flue gases, 
means for cooling said flue gases, a discharge 
line from said cooling means-a-safety valvess 
in the discharge line, means for closing said 
safety valve when said fue gases are incom 
pletely cooled, means for separating from 
said fue gases, entrained water, means for introducing, the flue gases cooled and sepa- go 
rated from the water vapor into the tank to 
be cleaned, and means in said tank for spray 
ing liquid upon the surfaces of said tank dur 
ing the introduction of the flue gases.--- 
Signed at El Paso, Texas, b ? ? 

JoHINSON, this 10th da 
igned at San Francisco, California, by ---- 

Pš. WILLIAMs, this 13th day of July, 

trained moisture from said gases, introduc 
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