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Description

FIELD OF THE INVENTION

{0001] The present invention is a method for regenerating adsorbent filter media in
drying units used {o dry oils, in this case the term oil is used to describe any liquid
that is immiscible with water, such as those used for transformers and inks. Though
the term drying is used it is intended to include the removal of gases or other fluid
contaminants of oil.

BACKGROUND

[0002] The electrical supply industry uses many transformers to change the voltage
of the supply for transmission, improving the efficiency of the transmission network.,
The transformers most commonly use an insulating oil and cellulose to insulate and
separate the windings, the cellulose quickly becoming saturated with the insulating oil
shortly after the oil is added. Sometimes the transformers are placed under a partial
vacuum prior {o the oil addition {o speed this process up. The oil is therefore
intimately in contact with all of the conductors and any reduction in its insulating or
dielectric properties can have detrimental, if not catastrophic, effects. The efficiency
may drop or the oit may cease {o be an effective insulator resulting in a flashover.

[0003] One of the common contaminants that affects the properties of the
cellulose/oll and ol properties is water. High water content in the odl or cellulose can :

1. 1. Reduce the dielectric properties of the oil and oil/celiuioss.
2. 2. Reduce the insulating properties of the oit and oil/celivlose.
3. 3. Accelerate the breakdown of the cellulose.

4. 4, Exceed saturation point of ol when otl is cooled.

5. 5. Increase corrosion of exposed metal.

{0004] The cellulose starts off at below 1% water content but over time leaks in the
cooling system, cellulose breakdown and breather desiccant failure/overrun leads to
concentrations above this. At present the indusiry aims to keep the water content in
the cellulose between 1% to 3%, with it generally accepted that over 95% of the
water within the transformer is in the cellulose. The water concentration of the
cireulating oil is in equilibrium with the cellulose water conceantration, thus any
reduction in the oif's waler concentration, over time, reduces the cellulose water
concentration.

[0005] For this reason the oil circulating through transformers is passed through
filtering units that filter and dry the oil. These filtering units may contain dry cellulose,
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desiccants such as silica gel or acrylic beads, molecular sieves, aclivated alumina or
other means {o remove the dissolved or free water and some form of particulate filter.
These filtering units eventually become saturated with water and need replacement,
refurbishment, regeneration or drying.

{0006] Regeneration of the filtering unit can involve the direct exposure of the filter
media to a vacuum under either ambient or elevated temperatures to directly
evaporate the water. This can detrimentally affect the pore size and/or surface
properties of the media, reducing the refurbished filter's effectiveness or life.
EP1026515A discloses a device for treating a water-contaminated fluid, comprising a
filter, which is disconnected from the device and placed under vacuum to remove
water therefrom before being reconnected to the device. As an alternative the
transformer oil may be directly dried by spraying the contaminated oil into a vacuum
chamber, this replaces the drying action of the filtering media and can require the
vacuum system be inline continuously. This can be an expensive exercise and adds
another component that requires maintenance; in addition a particulate filter is still
often needed. In addition the oil can be damaged from continuous exposure to high
fevels of vacuum.

[0007] For printing the concentration of waler in the ink can affect the print quality
and longevity of the inks and printing squipment. The high cost of many inks makes
controlling this water content important.

OBJECT OF THE INVENTION

{0008] H is an object of the present invention to provide a method of regenerating
the adsorbent media in an ol drying filtering unit without removing the unit or filter
media and overcoming one or more of the limitations of present systems. In addition
a further object is {o provide the consumer with a useful choice.

DISCLOSURE OF THE INVENTION

[0009] The present invention provides a regeneration circuit according to claim 1 for
the in sifu regeneration of an inline adsorbent filter, said filter being part of a normal
circuit that is configured to remove one or more contaminant from a fluid circulated
through a machine.

{0010] The machine is isolated from the inline filter during regeneration. in a highly
preferred form the regeneration circuit and normal circult share one or more
components. Preferably the shared components include a pump and/or heater.
Preferably the heater is only on during the regeneration cycle.

{0011] Preferably the regeneration unit includes one or more devices selected from
the list consisting of a vacuum evaporation unil, a molecular filter, activated aluming,
a desiccant, a membrane filtration unit, a physical separation unit, a reverse osmosis
system and a centrifuge. In a highly preferred form the filter is selected from the list
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consisting of a particulate filter, a cellulose filter, a molecular filter, a desiccant filter,
acrylic beads and a combination of these.

{0012] In a highly preferred form the contaminant is water. i{ is preferable that the
regeneration unit includes a vacuum svaporation unit. Preferably the vacuum unit
includes means for maintaining the level of fluid retained in the vacuum unit sufficient
to prevent the pump from cavitating.

[0013] Preferably the regeneration circuit includes at least one measurement probe
located after the filter, the or each measurement probe is configured to determine the
concentration of one or more contaminant present in the contaminated fluid exiting
the filter. Preferably the or each measurement probe is selected from the list
consisting of a conductivity probe, a pH probe, an infra-red probe, a water
concentration probe and oxygen probe and a dissolved gas probe. In a highly
preferred form the regeneration circutt includes one or more secondary probes
configured to determine one or more fluid properties selected from the list consisting
of temperature, pressure, flow rate, density and viscosity.

[0014] Preferably the or each contaminant is independently selecied from the list
consisting of water, particles, oxygen, carbon dioxide, sulphur dioxide, inorganic
acids, organic acids, oxidants and alkalis.

{0015] In a highly preferred form the regeneration unit is mobile and configured to be
releasably attached to the normal circutt when regenerating the filter.

{0016] In a highly preferred form the machine is a transformer and the fluid is
transformer oil.

f0017] The present invention also provides a method according to claim @ for
regenerating an inline filter without removing said filter.

{0018] Preferably the regenerated fluid is heated before step (d). Preferably the fluid
is oif and is lested for moisture content.

DESCRIPTION OF THE DRAWINGS

{0019] By way of example only a preferred embodiment of the invention will now be
described in detail with reference to the accompanying drawings in which:

Figure 1 is a schematic view of the regeneratling system connected to a filter
unit;

Figure 2 is a flowchart of the regenerating process.

[0020] Referring to Figure 1 a transformer oif circuit {1) is shown, said oil circuit
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inciudes a normal circuit {2) and a regeneration circuit {3) connected together by a
first valve (8} and second valve (6).

[0021] The normal circuit (2) includes the following components:
a transformer (9},
a third valve {10),
a pump {(11),
a heater unit (12),

a filter unit (13) and a fourth valve {14). The transformer (€} is connected fo the
third valve {10), which is in turn independently connected to the pump {11) and
the second valve (8). The pump (11) is connected 1o the heater unit {12},
which is in turn connected {o the filter unit {13). The filter unit {13) is
independently connected {o the first valve (5} and the fourth valve (14), said
fourth valve {(14) is connected to the transformer (9).

[0022] The filter unit (13} includes filter media (18) configured, during normal
operation, to remove water and other contaminants from the oil passing through it
The filter media (18) inside the filter unit {13) can include particulate filters, desiccants
and molecular filters, for example cellulose filters, silica gel and acrylic beads.

[0023] The regeneration circuit (3) includes a regeneration unit {138), in this case a
vacuum tank (20} of known type; the vacuum tank {20) includes a spray head {21), a
mist eliminator (22), a liquid inlet (23) and a vacuum connection (24). The firs{ valve
{5} is independently connecled to the spray head and a fifth valve (25), the fifth valve
{25} is in turn connected to the liquid inlet (23). The vacuum connection (24} is
connected 1o a vacuum source {30) through a sixth valve (31). The spray head (21) is
of a standard type configured to form a fine spray of ol within the vacuum tank (20},
The mist eliminator (22) is of a standard type configured to remove suspended ol
from a gas stream and located immediately before the vacuum connection (24).

[0024] During normal operation the first and second valves (5,6) are closed and
contaminated oil is drawn from the fransformer (9) through the third valve (10), pump
{11}, heater unit (12) and filter unit (13} respectively then returned to the transformer
{9) through the fourth valve {14) as clean and dry oil. The heater unit (12} is not
normally used,.

[0028] Referring o Figures 1 and 2 the regeneration process includes the following
steps, in order:

1. a. the normal circuit {2) is isolated,

2. b. the regeneration circuit {3) is connected,

3. ¢. ail is pumped through the regeneration circuit (3),

4. d. the regenerated ol is pumped through the filter unit {13),
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5. e. the oil leaving the filter unit {13) is {ested,
8. f. the regeneration circuit {3) is isolated,
7. g. the normal circuit {2) is re-established.

{0028] In step (a} the third and fourth valves (10,14) are closed which isolates the
filter unit (13) from the fransformer (9).

{0027] In step (b) the first and second valves (5,6) are opened connecting the
regeneration circuft {3) to the filter unit (13).

[0028] In step {c} the heater unit (12) is turned on o heat the oil, as the temperature
of the ol increases it can carry more water, prior fo flowing through the filter unit {13}.
The ol from the filter unit {13) is then pumped to the spray head {21} and the liquid
intet (23). The ol passing through the spray head {21) is atomised and the water
separated from the ol by evaporation. The water vapour is drawn off through the mist
eliminator (22} to the vacuum source (30) for separation and disposal, any entrained
ofl is captured by the mist eliminator {22). The now dried liquid oil is collected at the
base (32) of the vacuum tank (20} and pumped back {o the heater unit {12). The fifth
valve (25) is used to adjust the ratio of oil fed to the spray head {(21) and liquid inlet
{23} to maintain the level of liquid oil {33} inside the vacuum tank (20} sufficient to
prevent cavitation of the pump (11).

{0029] In step {d) the heated dried ol from the heater unit (12) is pumped through
the filter unit (13) where it extracts water from the filter madia (18) drying the filter
media (16).

f0030] In step {e) the water concentration of the oil leaving the filter unit (13} is
determined by inline relative saturation probe (34) or by sampling and testing. If the
refative saturation of the oil is above 4% then step (¢) and {d) are repested, if not
then step (f} is undertaken. Though 4% is indicated this is by way of example only
and will vary depending on the required regeneration standard.

[0031] In step {f) the heater is turned off and the first and second valves (5.6) are
closed then step (g) is undertaken and the third and fourth valves (10,14} are opened
returning the filter unit (13) to normal operation.

{0032] Throughout the process the pump (11) maintains the correct pressure and
flow rate of oil to the filter unit (13) to preserve the physical/operational quality of the
filter media (16). This is especially important with the heater unit (12) operating as the
physical properties of the oil change, such as viscosity, change with temperature and
the surface of the filter media (18) needs to be protecied to ensure the effective life of
the filter media (16} is not reduced.

[0033] it should be noted that the transformer oil volume is many times (100 to
10,000) that of the filter unit {13) and regeneration circuit (3} thus isolating the filter
unit {13) for the time required to carry out an in situ regeneration has a minimatl effect
on the operation of the transformer (9).
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{0034] In a further embodiment the filter media (16) absorbs gases such as oxygen
and carbon dioxide as well as, or instead of, adsorbing or absorbing water.

[0035] In a still further embodiment there is more than one filter unit (13) and the
regeneration circuit (3) can be used to regenerate one or more filter units {13) while
at least one remaining filter unit {13} continues 1o process the il

[00386] In a still further embodiment the filter unit (13) is used o clean ink.
[0037] In a still further embodiment the regeneration unit (18) is replaced by an
alternative oilfink drying unit, such as a molecular sieve, membrane fillration unit,

centrifuge, desiccant chamber, cryogenic unit or combination of these.

{0038] In a further embodiment the regeneration circuit (3) is a mobile unit
configured to releasably connect to the normal circult (2).

f0039] In a further embodiment the oil flows in a reverse direction through the filter
media (16) during regeneration.

{0040] Any discussion of the prior art throughout the specification is not an

admission that such prior art is widely known or forms part of the common general
knowledge in the field.

Drawing
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Patentkrav

1. Regenereringskredsiob (3) il in sifu-regenerering af et adsorberende in-
line-filter (18), hvilket filter {18} er en del af et normalt kredslab {2), der er
udformet til at flerne en eller flere urenheder fra en olie, der cirkuleres gen-
nem maskine, hvor regenereringskredsigbet (3) indbetatter:

en regenereringsenhed (198), der er udformet til at fierne en eller flere uren-
heder fra en flydende forurenet olie, hvorved der dannes en flydende regene-
reret olig;

en pumpe (11), der er udformet {il at bevaege den regenererede olie fra rege-
nereringsenheden (18) og gennem filtret (18), hvorved urenheden eller hver
urenhed udtages fra filtret {16) og den forurenede olie dannas, hvor pumpen
{11} endvidere er udformet til at returnere den forurenede olie til regenere-
ringsenheden (18) il fiernelse af urenheden;

ventider (10, 14), der er udformet {il at isolere maskinen fra filtret {18) under
regenereringen;

saledes at pumpen {11) er udformet {il at opretholde trykket og flowhastighe-
den af den regenererede olie gennem filtret (18) pa et niveau, der sikrer, at
filtret (16) ikke udsattes for vakuum eller atmosfaeren under regenereringen.

2. Regenereringskredslab (3} ifpige krav 1, kendetegnet ved, at regenere-
ringskredsiagbet {3) og det normale kredslab (2} deler en eller flere kompo-
nenter.

3. Regenereringskredsisb (3) ifolge krav 2, kendetegnet ved, at de delte
komponenter indbefatler en pumpe (13) og/eller et varmeelement {(12).

4. Regenereringskredsiob (3) ifalge det foregaende krav, kendetegnet ved,
at regenereringsenheden (18) indbefatter en eller flere indreininger, der er
valgt fra listen bestaende af en vakuumfordampningsenhed, et molekylaarfil-
ter, akliveret alumina, et terremiddel, en membranfiltreringsenhed, en fysisk
adskilleisesenhed, ef omvendt osmose-system og en centrifuge.

5. Regenereringskredslgb (3) ifolge et af de foregaende krav, kendetegnet
ved, at filtret (16) er vaigt fra listen bestaende af et partikelfilter, st cellulose-
filter, et molekyleerfilter, ot torremiddelfilter, acrylperier og en kombination af
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disse.

6. Regenereringskredslab (3) ifelge det foregaende krav, kendetegnet ved,
at regenereringskredsigbet {3} indbefatter mindst en malesonde (34), der er
anbragt efter filtret {16), hvor malesonden eller hver malesonde (34) er ud-
formet til af bestemme koncentrationen af en eller flere urenheder, der er til
stede | den forurenede olie, der kommer ud af filtret (13).

7. Regenareringskredsiab (3) ifelge et af de foregaende krav, kendetegnet
ved, at regenereringskradsiobet (3) indbefatter en eller flere sekundsere
sonder, der er udformet il at bestemme en eller flere clieegenskaber, der er
valgt fra listen bestaende af temperatur, tryk, flowhastighed, densitet og vi-
skositel.

8. Regenereringskredsiob (3) ifolge et af de foregaende krav, kendetegnet
ved, at regenereringsenheden (19) er mobit og udformet til at blive fastgjort
frigarligt {it det normale kredsleb (2), nar filtret (18) regenereres.

8. Fremgangsmade til regenerering af et inline-filter {16) uden at flerne filtret
{18}, hvitket filter (18) er en del af et normalt kredsleb (2), der er udformet til
at fierne en eller flere urenheder fra en olie, der cirkulerss gennem en maski-
ne, som indbefatter de fplgende trin, i raskkelglge:

a. det normale kredslgb {2} isoleres fra filtret {16} af ventilerne (10, 14),

b. et regenereringskredsiob (3), der indbefatter en regenereringsenhed (18}
og en pumpe {11), forbindes med filtret (16},

¢. olie pumpes gennem regenereringskredsigbet (3) #il dannelse af regenere-
ret olie,

d. den regenererede olie pumpes gennem filtret {18} Hl dannelse af en foru-
renet olie ved at udtage urenheder fra filtret (16),

&. den forurenede olie, der forfader filtret (16}, lestes, trin (¢} og (d) gentages,
indtil den forurenede olie, der forlader filtret {18), lever op til den pakraevede
standard,

f. regenereringskredsigbet (3) isoleres fra filtret (16), og

g. det normale kredslgb (2), der indbefatter filtret {18), genetableres;
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saledes at filtret (16) under trin d. tkke udsasttes for atmosfaeren eller ef va-
kuum.

10. Fremgangsmade ifglge krav 9, kendetegnet ved, at den regenererede
olie opvarmes for trin {d).

11. Fremgangsmade ifgige krav 2 eller 10, kendetegnet ved, at urenheden
elter hver urenhed uafhaengigt vesiges fra listen bestaende af vand, partikier,
oxygen, kuldioxid, svovidioxid, uorganiske syrer, organiske syrer, oxidanter
og baser.
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