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" This application relates to an improved

_methed and apparatus for removing oil, grease

:‘jj_j“'*a,nd other foreign matter from interior surfa,ces |

““which are difficult of accessibility. More par-

{j‘-'tlcmarly it relates to a process of cleaning and

g system for carrying said cleaning process into

~ “'effect for use in cleaning the interior.surfaces '
-+ of heat exchangers generally such as condensers,
" preheater coils, superheater elements, and other
::IJIECES of apparatus whlch are. not readlly eleened -

10

by other methods.

16

in contact with which steam is condensed he-
come eeated with oil or grease after certain pe-

- riods of use. The deposition of grease, oil and/or

50

carbon from any hydrocarbon material passed

etc. materially reduces the efficiency of the heat
transmitting surfaces and must be removed

 therefrom in order. that satisfactory operation

© 'may be centmued ‘Similarly in installations in:

which a fuel oil is preheated prior to its intro-
duction into a furnace, cracking still or treat-

5 ment apparatus, it is usual for carbon to deposit

- on the interior surfa.ces of the preheater pipes

or coils.

le,yer of bituminous oily or asphaltic material
e.nd is exceptionally diﬂieult to remove by erdl-
‘nary cleaning processes.

30

The carbon is usually securely held in

It is one of the ebJeets of our 1nventien te e~

f j_ velop & cleaning process which is suitable for

“.. "' cleaning these interior surfaces which are nor-
~ mally difficult of access and which usually be-
“come coated during perlods of use with oil, bi-

tuminous or asphaltic deposits, carbon, etc.
Moreover it is one of the objects of our invention

" to employ for the cleaning of these surfaces and

40

removal of the foreign materials adhering there-

to, a solvent for hydrocarbon substances and

 more particularly a volatile solvent such as a

" chlorinated hydrocarbon. Among the chlorin-

“ated hydrocarbons which are suitable for use

45

in cleaning we may specify trichlerethylene hav-
ing & boiling point of 87° C. as our preferred

 solvent, although perchlerethylene ethylene di-
 chloride, beta-trichlorethane, carbon tetrachlo-

~ ride, and other chlorinated hydrocarbons of this

50

genera,l group will be found suite.ble Trichlor-

ethylene is preferred because of its superior sol-

vent actmn and enhanced stability at elevated

o temperatures and in contact with water.

b
S
‘.'l

“The use of a volatlle selvent in vapor form for

the cleaning of heat exchange apparatus has
*een prewously proposed but in practlce such a

‘or cther element which is to be cleaned.
- over it is still another of the objects of our inven-
“tion to provide means for distilling and reclaim-
.ing the said solvent at the conclusion of the clean-
through preheater -coils, superheater elements

~apparatus and similar equipment..

(Cl. 87—5)

method is not se,tisfe,etei*y._ We have found that

thorough removal of the adhermg grease. and/or

“solid materials but mere circulation of the lig-
uid solvent, preferably hot, through the appa-
ratus will normally result in a more satisfactory
- cleaning. |
- I 18 anether of the objects of our mventmn to
provide a system in which the liquid solvent,

- generally a chlorinated hydrocarbon, is circu-
It is well known that heat transmitting sur-

faces such as the interior surfaces of condensers

lated by forced circulation through the conduits
of the superheater, heat exchanger, condenser,

More-

ing operation in order that it may be purified from

" its dissolved solids and returned in a substantially

pure state to a storage tank where it may be

subsequently used in another cleaning operation.
A further object of our invention is to provide

a vapor separator in conjunction with the liquid
treating appatratus and means for condensing any

- vapor which may be separated in the vapor sepa-

rator, thereby returning it to the cleaning proc-

ess as ligquid and preventing its loss by escape

Another object of our in-
- vention is to provide means by which the vol-

to the atmosphere,

ume of liquid which is present within ,the ele-

‘ment being cleaned at the conclusion of the lig-
uid cleaning process may be vaporized therein,

the vapor then suddenly released and allowed

to flow out through a condenser where it is con-
- densed and returned to the storage tank.

- In
this way the torfuous elements which frequently
form the interior passages of heat exchange ap-

-paratus may be blown out by pressure developed

by the vaporized solvent itself, thereby complet-

ing the removal of whatever solids may still be
-adhering to the surfaces at the conclusion of the

liquid cleaning phase of our process. The erosive

action of the solvent in the form of vapor mov-

ing at fairly high velocity is added to the solvent
action of the liquid used for the cleaning. Of

 course all the solvent remaining in the appara-
tus is removed by this step.

- These and further objects of the 1nvention will
be apparent from the description which follows

~ which is the best method known to us of carry-
ing -out our novel process of cleaning and-‘'de-

greasing the interior surfaces of heat exchange

The process
is described in connection with the appended

- schematic drawing which illustrates one arrange-

'in practice condensation of a vapor on the in-
terior surfaces to be cleaned is not necessary for
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ment of an apparatus especially suitable for car-
rying out the cleaning process.
The element to be cleaned, which may be a,

‘heat exchange apparatus, such as a condenser,

preheater, etc. is indicated by the numeral 3.
This piece of equipment frequently contains a
number of pipes, or coils, surrounded by a jacket
through which cooling water or a heat supplying

medium such as steam may be circulated. Of
course it sometimes happens that the passages

to be cleaned surround the pipes or coils through
which the cooling liquid or steam circulates when
the heat exchanger is in use. The passages to
be cleaned are frequently helical or spiral in
form and obviously the walls of these channels

are difficult of access for ordinary cleaning

methods. If the element 3 does not include
means by which heat may be applied thereto,
the system should also include some means such
as a steam jacket, steam  jet, or even an open
flame by which the conduits to be cleaned may

be heated. This is necessary only where the

device being cleaned has no elements for the
passage of fluid other than those which are
fouled with the foregn material to be removed.

If the element is a condenser, it is desirable

- that the usual water passages which normally

30

provide for passage of the cooling liquid may be

utilized for the transfer of steam so that the
device may function as a heater during that
portion of our process wherein a liquid solvent
present within the conduits of the element which

- is being cleaned is vaporized.

35

‘The element numbered 4 represents a storage

tank in which a certain quantity of clean solvent

- Is contained at the start of the cleaning opera-

40
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1.3

: s

tion. The quantity of solvent necessary when

a liquid chlorinated hydrocarbon such as fri-

chlorethylene is used varies normally in volume
from four to ten times the volume of the con-

duits in the heat exchange apparatus which are

to be cleaned. A large volume of liquid is de-

sirable since the greater the amount of liquid

the larger is the dilution of the solvents that
may be dissolved therein at the conclusion of
the cleaning process. Obviously also a large

amount of liquid is more effective in removing

the grease and solid deposits than a smaller
quantity. Frequently in practice it becomes de-
sirable to subject the piece of equipment being
cleaned to two or more’ successive charges of

fresh liquid in order that the surface may not

be fouled by deposits left therein by the highly

polluted liquid used for cleaning, during the

subsequent blowing out phase of our process.
At the commencement of operations, valves B,

T and 8 are opened and valve 9 is closed. 'The.

pump 6 is started and the solvent is pumped
from tank 4 through pipe lines 10,
and through valves 5 and 8 to the apparatus
being cleaned 3. Here the liquid solvent travels
through the passages to.-be cleaned which may
be somewhat tortuous and are always rather
narrow and constricted, and emerging, flows
through valve T into the vapor separator and
storage reservoir 13. Here any vapor evolved
during the operation is separated from the lig-
uid and the liquid is again forced through pipe

- line 11 on the suction side of pump 6 and through
70.

pipe line 12 into the same circuit during -which
additional cleaning takes place. In practice, of
course, the circuit comprising pipe lines 1{ and

(2, valves T and 8, pump 6 and the liquid sepa~
ra.tor and reservoir (3 is fllled with liquid. At

the commencement of operations the vapor sep-

41 and 12
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arator and reservoir 13 become filled with a cer-

- tain amount of liquid, represented by the line

indicating its level on the drawing, and this vol-
ume remains substantially unchanged during the
liquid circulation process.

As previously indicated, any vapor separated

-at the separator (3 is allowed to flow out from

the apparatus. The vapor outflows through pipe
line {4, valve 15, which is open, and pipe line (6
to the condenser #1. Here .the vapor is con-

densed and returned through pipe line 18 to the
storage tank 4. Condenser {T may be water
cooled as shown. Valve 22 in pipe line 21 is
closed during this portion of the cleaning process.

During the liquid treatment process, as an
alternative procedure we may supply heat to
the coils of the heat exchange apparatus being
cleaned, by the application of heat directly to
this appa,ratus Part or all of the liquid within
the coils or interior surfaces may be vaporized
thereby. When the solvent is vaporized the
volatilization dislodges to a substantial extent
the solid parficles attached to the surfaces and
carries them out of the heat exchanger.

As another procedure, the liquid solvent may
be forced in under pressure and vaporized, either
in part or completely, within the element being
cleaned. Sudden release of the pressure catses

10

15

20

26

rapid expansion: of the vapors which will serve

to dislodge the solid pa.rt1cles which adhere to

the surfaces being cleaned. Thus it is possible

to .dislodge the solid particles by the sudden
-~ volatilization of the liquid solvent alone, or the
~'particles may also be dislodged by the rapid

expansion of the vapor due to sudden release in

 pressure,

In any e?ent the vapor separator €3 serves to
separate the vapors from the liquid after the
solvent leaves the heat exchanger being cleaned,

8. The liquid is returned to the cleaning proc-

ess directly while the vapor is condensed in con-
denser 1T and returned in tank 4.

If desired, heat may be applied to the element
being cleaned merely for the purpose of heating
the liquid solvent with which the surfaces are

being cleaned. But, as desired; either part or all

of the solvent may be vaporized within the ele-
ment being cleaned as prevmusly explained. Our

“invention contemplates supplying liquid to the

heat exchanger to be cleaned and removing

therefrom either liquid and vapor, or vapor

alone, thus dislodging solid particles held therein

by the explosive action of the liquid when it is

suddenly vaporized within the superheater. It

- also contemplates forcing the liquid solvent into

the element to be cleaned under pressure, its
outflow being prevented by closing valve 71, and

vaporizing the solvent, either partially or com-

pletely, while it is held within the element. Then
sudden release of pressure allows sudden expan-
sion of the vapors thereby dislodging solid par-
ticles and forcing them and any liquid that re-
mains from the element. This takes advantage
of the force exerted by sudden expansion in
order to assist the cleaning operation by forei-
bly stripping solid particles from the surfaces

"being cleaned and carrying them from the

element.

Affer the liquid solvent is circulated for a perlod
of time sufficient to accomplish the desired clean-
ing which period may vary from ten minutes to
two hours, valves T and 8 are closed and the cir-
culation of liquid through the element being

cleaned, 3, is stopped. The liquid in the system
‘comprising storage tank 4, pipe lines 18 and ({,
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pump &, and vapor separator and storage reser-
voir 13, 1s then pumped through the pipe line §2,
valve 8, which is now opened, end pipe line (9 to
the still 20. Here it is distilled, valve 22 being

now opened. Valve 08 is closed. The vapors of

the solvent on emerging from the condenser 20
flow through the pipe lines 24 and {6 to the con-

denser T where they are condensed and returned

through pipe line {8 to the storage tank 4. Dur-
ing the process of distillation and after all the

- liguid is pumped into vthe still 28, the valve § 1s

18

20

- normal conduits in the apparatus if these are

closed so that the condensed liguid remains with-

in the storage tank & and pipe line 6. . In this
way the liguid is purified of the dissolved solids,
these impurities being left behind in the still. A
clean-out valve, 28, is provided for removing these

impurities fmm the :stm when their removal :!.s

desired,

Aty the mmlusim of the distillation and con-
densation operation, heat is applied to the ele-
ment being cleaned, 3, either by means of the
steam jacket or otherwlse, utilizing if possible the

- available or an external source of heat such as a

25
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3
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steam jet if not available. The liquld remaining
within the conduits of the element 3 is thus va-
porized and perhaps heated to 2 temperature
higher than its bolling point. After complete

vaporization is attained, valve T may be opened

and the vapors which have been heated to a rela-

tively high temperature escape through valve 1,

through - vapor separator and reservoir {3, pipe
line {4, valve 18 and pipe line i6 to the condenser
17. Valve 22 is closed during this portion of the
process. The vapors emerge irom the heaf ex-
change apparatus being cleaned at relatively high

speed and thus carry out with them any remain-

ing solid particles which may still adhere to the
interior surfaces bhelng cleaned. In passing

‘through vapor separator and reservolr 13, the va-

wor velocity is lowered and thus the solid parti-

- ¢les which are entrained in the vapor are left be-

45

hind.. Substantially pure vapor is therefore con-
veyed on to the condenser 7. Here the vapor is.
condensed, and the substantially pure condensate

 is returned through pipe line {8 to storage tank 4.

.
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Advantage is taken of the velocity of vapors of
the volatile solvent itself for blowing out the heat
exchange apparatus at the conclusion of the

cleaning process to lnsure thorough removal of

any solid materials which may still be adhering
to the interior surfaces thereof. These solid ma-

terials collect in element {3 and may be dissolved

during the process of cleaning the next super-
heater by the solvent action of the liquid. They
may also be removed through clean-out opening
26. Only substantially pure solvent collects in the
storage tank 4 and the system or apparatus is
therefore available for immediate use m another
cleaning operation.

Subsequently the s:vsiﬁem is vem’:ed tn the ot~

mosphere by opening the valve 24 on the con-

denser §7, Any vapors remeining in the system:

are-mﬁs permitied to escape to the outer atmges-
phere. At this time it may be noted that the valve

3

25 is provided on the vapor separator and reser-

liguid to any desired level before commencing the
cleaning of another heat exchanger,

Qur invention may be applied te cleaning all
 devices wherein the interior suriaces are difficuit
In such circumstances manual clean.

of access.
ing or any cleaning method in which an operator
must remove the adhering deposit mechanically
and carry it away are of course impossible. As

- such devices we have In mind heat exchange ap-

paratus generally, such as evapamtom heaters,
coolers, condensers, preheaters, the inferior sur-
faces of transformers, or electrical apparatus in
Which a louid insulating material is employed.
Wherever in the appended claims we refer to
“heat exchange apparabtus” we mean 0 include

within the scope of this term all structures hav-
ing cundmts which are more or less difficult of
gecess and which must be cleaned in order that

voir 13 so that this element{ may be filied with

10
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the plece of equipment may remain in efficient

operation.

Having thus described our mvention what we
desire to secure by Letters Patent is: | |

1. A process for cleaning the interior surfaces
of heat exchangers which comprises subjecting
said surfaces to the action of a volatile chlorhy-
drocarbon solvent in liguid form, vaporizing said
solvent by the application of heat while it is re-
tained within the heat exchanger, and then re-
leasing said solvent.vapors from said heal ex-
changeyr, the vapors being thereby permitted to
emerge from the heat exchanger at & velocity

sufficient to carry out the solvent and solid par- .

ticles which may be presem; Withm the hesat
. €xchanger.

2. A process for cleaning the interior surfaces
of heat exchangers which comprises stbjecting
sald surfaces to the solvent action of trichlor-
ethylene in liquid form, vaporizing said trichlor-
ethylene by the application of heat while it is re-
talned within said heat exchanger, and then

- releasing said trichlorethyviene vapors from sald

heat exchanger, the vapors being thereby per-
mitted to emerge from the heat exchanger at &
veloclty sufficient to carry out the trichlorethyl-

ene solvent and solid particles which may he

present within the heat exchanger.

3. A process for cleaning the interior surm.ces
of heat exchangers which comprises subjecting

sald surfaces to the action of & volatile chlorhy-

28
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drocarbon solvent under pressure, applying heat

to the heat exchanger to volatilize sald solvent,
and then suddenly releasing said pressure to re-
move from said superheater solid particles pre-

viously dislodged from sald interior surfaces, and.

to dislodge additional solid particles by the sud-

- den expansion of the vap-ors of seld volatile ml—-

‘vem:

PAUL M. PAULSON.
IRA D. CHAMBERS.
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