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LUBE OIL VARNISHING
MAPIZHLIBRIEERMIBRESEICTOVTOHREETY,
APPLICATION

HRERBEHREI—ELTT,

all heavy-duty gas turbines.

PURPOSE

This TIL is to provide customers with information regarding the formation
of varnish or lacquers within the lube oil system, their effects and
information regarding mitigation technologies. Please note that this
information represents the current information gathered to date.

BACKGROUND DISCUSSION

BILERYIE. HESIOEFEND, ISFBRILERYORELZ MRS E
%, BLBILERYMARETDRETYT  MENRNEHBEINRLET D
DTHRILERYZEEAEITREALG D,

Varnish formation in lubricating oil and hydraulic systems has been
present for many years in the power generation industry. Historically,
varnish formation has been attributed to a singular root cause. For
example, there was a #2 bearing drain line of a gas turbine was
touching the inside of the exhaust strut, which caused thermal
degradation of the oil and varnish formation.

Varnish can be reddish brown to black in appearance, depending on the
mechanism that caused the oil molecule to break and varnish to form.

Recent studies have revealed that oil varnishing is usually the result of
a complex string of events. To start this chain of events, oil molecules
must be broken. The mechanisms that break oil molecules fall into these
general categories: chemical, mechanical, and thermal.

Chemical: Many chemical reactions occur as the oil ages. Oxidation of
the oil leads to numerous decomposition products, including acids and
insoluble particulates. Heat and the presence of metal particulates such
as iron or copper accelerate the process. Additionally, highly aerated
oils are far more susceptible to oxidation. Ensure that oils are
compatible before adding or mixing them, as different oil additives may
react adversely, further degrading the oil.

&

s,
£ 4)‘?}
A »
Mechanical: “Shearing” occurs when oil molecules are torn apart as
they pass between moving mechanical surfaces. -
Thermal: When air bubbles become entraineﬁ% oil, severe failure of
the oil may occur due to conditions known as ssure-Induced
Dieseling (PID) or Pressure- induced Thermal Degradation (PTG).
These phenomenons are enabled in areas of high pressure within the
hydraulic systems. Pressure Induced Dieseling, also known.as micro-
dieseling, occurs when air bubbles are collapsed under high pressure.
This yields localized temperatures in excess of 1000 deg F (538 deg C),

which in turn leads to thermal degradation and oxidation.

Electrostatic charge may also cause localized thermal- oxidative oil
degradation and occurs in fluids systems as a result of internal
molecular friction and electrostatic potential between the fluid and
machine surfaces. The magnitude of the static charge within the oil will
increase due to factors such as low viscosity, low conductivity, low
moisture content, low levels of entrained air and high oil cleanliness.
Most of these conditions are desirable attributes for an oil system and
therefore cannot be eliminated. Investigations are ongoing to develop
methods to prevent electrostatic discharge within the system. Static
discharge can also occur due to high flow rates through main lube oil

filters, despite design intentions to minimize this phenomenon.
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Unit and System Impact

BRIEERYIHETHE. H—RNNILTXEERRITHE DD, HDHLY
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While the issue of oil varnishing typically does not lead to extended
forced outages, the availability and reliability of the units can be
greatly affected. The varnish tends to accumulate in small, low
flow passages within the hydraulic system — typically in servo
valves associated with hydraulically operated components. Once
the varnish is established, the servo valves become sluggish or fail
to operate, leading to a trip of the unit.

Fleet experience indicates that turbines being operated in a
peaking or cycling mode are more susceptible to oil varnishing.
This is due to the thermal cycling of the oil and the time at which
the systems are in a relatively cold/low flow condition. Data also
shows that for a peaking/cycling turbine, the component most likely
to be affected first will be the inlet guide vane (IGV) servo. Units
that are base loaded may not experience varnishing until later in
life. The first component affected on based loaded units is
typically the gas or liquid fuel control valves.

A recent study (primarily on “F” class GTs) suggests that as many
as 1/3 of all units show some signs of oil varnishing.

Methods for Detecting Varnish

An oil condition-monitoring program should be part of normal
maintenance including a combination of inspections and oil
analysis screening tests. Inspections include viewing sight glasses
for varnish and fouling, examining used filters for end-cap varnish
and sludge, inspection of servo inlet ports and last- chance filters,
and periodic inspection of tank bottom sediment.

While there is no direct way to measure (quantify) varnish
formation on servo valve surfaces, the active use of screening
tests may provide an effective early warning. The patch
colorimetric test can be used to trend the varnish potential of oil.
Lower numbers indicate a lower risk of varnish formation. For
general reference, a varnish potential rating between 0 and 40
would be considered acceptable. The range 41-60 would be a
reportable condition, indicating the need to monitor the oil more
frequently. Readings above 60 are considered actionable and
should trigger a work plan to quickly remediate the condition.

- ”pi. -~

Monitoring of the sub micron particles :Ln,the'«?ﬂ"along with the
results from patch colorimetric testing can help in determ'ming the
effectiveness of removal of varnish particles. The test used to
measure the sub micron particles is ASTM, F 312-97 (Standard
Test Method for Microscopical Sizing and C,ou@t—i'rqg Particles from
Aerospace Fluids on Membrane Filters)

It is recommended that both of these tests be used to.monitor the
performance of oil conditioning equipment.

Mitigation and Prevention
FEREREE->TRILAERYDBRENTTHE,

Customers currently utilizing electrostatic type filtration, or

Balanced Charge Agglomeration, have reported very good results
in reducing the varnish potential of their oil. These results show
that trips caused by sticking servo valves have been drastically
reduced or eliminated. Unlike conventional mechanical filters,
these technologies induce electrical charges on suspended
particles (oxides, carbon fines, etc.) that facilitate their transfer out
of the ail, either by agglomeration/filtration or simply by
electrostatic precipitation onto a collection device.

GE has performed extensive studies to validate the use of
Balanced Charge Agglomeration technology. A recent test on
seven 7FA+e turbines with this technology installed was run for 75
days while performing routine colorimetric sampling. The results of
this test can be seen in Figure 3. Note that the results for two
turbines are shown. The other five have been removed for clarity.
All turbines exhibited similar results.

It should be noted that an initial downward trend is realized during
the clean up phase followed by and upward trend as varnish that
had been plated out on the system surfaces becomes reabsorbed
into the oil. Over time, this varnish bloom will drop back down to
desirable levels as the reclamation unit remains in service, leaving
the oil system’s surfaces and turbine oil clean.

This technology can be used either to mitigate a current
varnishing issue or to prevent the occurrence of it.
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17 [DH(DHS)-2KS * 4KS « DH-KS]
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SEk-BKF+(7 [DH(DHS)-3KSB ° 6KSB]
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DH-2B DHS-2KS

O+ SFEH AT [OWS]
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DH-1B (~6B) 2,000(~12,000) <2,000ppm 535X375X940 50
DH-KS 400 <10% 200X300X640 27
DH (DHS)-2KS 1,000 <10% 750X400X975 78
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EDC-R3P 200 255X360X530 19 EDH-R25 200 825X390X990 80
EDC-R6P 200 325X390X530 27 EDH-R50N 500 825X725X1,120 120
EDC-R10 200 530X310X700 41 EDH-R100N 700 1,050X725X1,120 150
EDC-R25 300 535X350X935 65
EDC-RSON 500 570X530X1,065 80 g LT i Wano sy epismore. ey oA RS
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EDC-R6P 1,120 780 640 530 200 325%x390x%530 27 1.2 14
EDC-R10 3500 2380 1,960 1540 200 530x310x700 41 2.2 2.6
EDC-R25 8400 5600 4550 3850 300 535 %350 %935 65 3.1 4.4
EDC-R50N 16800 11200 9,100 1,700 500 570x530x1065 80 6 1.2
EDC-R100N 33,600 22400 18200 15400 1000 920 x550x1075 110 12 144
EDC-R150N 50400 33600 27300 23100
EDC-R200N 67,200 44800 36,400 30800
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EDC-R400N 134400 89,600 72800 61,600
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