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Fluid Energy Controls
Technical Bulletin 20058

LubeOilSystem
Accumulators(LOSA)

"An accumulator shall be provided ... to maintain the turbine control-
oil pressure during servo-control transients or to maintain lube-or seal-
oil pressure while the stand-by pump accelerates from an idle condition
to operating speed Unless otherwise specified, accumulator vessel
shall be made of Series 300 stainless steel n...

API Standard 614 - Chapter 2, Paragraph 1.8 Accumulators.

Why BladderAccumulators?
Bearings in turbo machinery require lubricationwhile
they are running.All turbo machinesare equippedwith
a lube oil system to provide the necessary lubrication
at high pressure. These lubrication systems consist of
from a high flow-rate pump, a reservoir and an
accumulator. Accumulator is a very essential part in
lube oil systems, because it supplies the lube oil to the
bearings when the pump shuts down due to a power-
failure or a pump changeover. This prevents the
bearings from costlydamage and increasesthe bearing
life and overallreliability of the lube oil system.

API Standard614 Requirementsto LOSA
LOSA are designed in compliance with API 614, and
in accordance with the ASME SectionVIII, DIV 1 of
the Pressure Vessel and Boiler Code. These
accumulatorsareconstructedfroma 300seriesstainless
steel shell and have a nitrile bladder, which forms a
barrier betweenthe gas and the fluid.
If theworkingpressureisless than500
psi, then the design allows a screen
welded inside the flange to keep the
bladderfromextrudingoutof the fluid
port. The screen is welded flush and
smooth with the inside of the shell so
as not to damage the bladder. If the
pressure is more than 500 psi, then a
plug and poppet design has to be
utilized.At a lowpressure the bladder
materialdoes not extrude through the
holes in the screen but at a higher
pressure the bladder will extrude
through the holes in the screen. In a
plug in poppet design a fully inflated
bladder sits against the poppet and

closes the opening keeping the bladder from extruding
out of the fluid port. The minimum shell safety factor
needs to be 3.5:1.

Figure 1 shows bladder type accumulators designed
according to requirements of API Standard 614 for
installationwithin turbomachineryLube-OilConsoles.

LOSA are installed vertically in the system so that the
gas valve molded into the bladder is on the top end and
the fluid port is on the bottom end. The accumulator
bladder must alwaysbe pre-charged with an inert gas
that does not react with the bladder material or other
components that the gas comes in contact with.
Nitrogen is the best option because of its availability,
chemicalandphysicalproperties,and cost.Nitrogen is
very stable andnon-reactiveevenunder high pressure.
Air should never be used because of its corrosive
propertiesandtheexplosivesituationitmaycreateunder
high pressure.

Figure J. Cut-off views of 850 psi stainless
steel bladder and transfer barrier
accumulators.

The pre-charge should always be
maintained between 70-80% of the
minimum working pressure of the
system. The high flexibility and low
weight of the bladder causes the
bladder response time to be very
quick as compared to the pressure
drop in the system. The quicker
response enables the LOSA to
maintain the pressure and flow of the
lubricating oil and prevents the
damage to the bearings and other
components.

Thepre-chargeneeds to be monitored
periodically. The accumulator needs
to be completely drained of the lube
oil and the bladder needs to be fully



expanded within the shell in order to obtain a correct
pre-charge pressure reading. Any fluid remaining in
the accumulatorwill causethepressureto rise, andgive
an incorrect reading. This also holds true when pre-
chargingtheaccumulator.Formeasuringthepre-charge,
or for actually pre-charging the LOSA, the system
should be shut down or the accumulator should be

isolated from the pipeline with
an isolating valve. Any fluid
remaining in the accumulator
may be drained through the
bleed port.

Figure 2 illustratesthe general
concept in LOS equipmentand
components recommended by
API Standard 614. The actual
scope of equipment will be
specified by the Purchaser.For
instance, the transfer barrier
bladder-typevessel(SeeFigure
1) is required due to the
installation of the overhead
tank.

If the overhead tank is not
specified, the standardbladder
accumulator can be utilized
within LOSA (Figure 3).

Figure 3. TopRepairable
80 gallon, 500 psi,

stainless steel LOSA

TheoreticalConcept
Bladder accumulatorsoperateon aprincipleof Boyle's
Law of gases. The expansion and compression of the
Nitrogengas containedin thebladderoccurrs in a short
period oftime (less than a minute).This is an adiabatic
process, which characterizes the absence of heat
transfer in the system, and no heat is transferred from
the system. For Nitrogen, the value of Polytropic
constant n = 1.4and Boyle's Law can be expressed as
follows:

ptvln=pZVZn
or

PI V/A = PzV/A - Which represents the adiabatic
condition for Nitrogen.

Figure 4 illustrates the relationship between changes
in pressure from Pz to PI and volume from Vz to Vt
described in the equation above under adiabatic
conditions.

The following designations will be used in further
discussion:
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Figure 2. API Standard 614. Recommended scope of Lube-Oil
Equipment.

VI = Size of LOS accumulator required, cu. in. This is
the maximum volume of gas in the accumulator
bladder at the pre-charge pressure PI.

Vx=Thevolumeof lubeoiltobe dischargedfromthe
accumulator, cu. in. This is the volume of lube oil
demanded by the system. The Vxvalue is a function
of the LOS for the certain type of turbomachinery
and can be obtained from the manufacturers
specifications.

PI = Prechargegaspressureofaccumulator,psia.This
pressure is always less then the minimum system
pressure P3,psia.
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Figure4.AdiabaticPressureChart.Thestoredfluid energyin the
accumulatoris afimction of thearea under the curveP Vn= C, where
C is a constant.



Figure 5. Illustration of pre-charged accumulator conditions and
conditions under maximum and minimum system pressures.

P2 =Maximum systemdesignoperatingpressure,psia.

V2 = The compressedvolume of gas at maximum
system's pressure P2, cu. in.

p 3 = The minimum system pressure, psia, at which
the additional volume V3 of lube oil is required.

V3=The expanded volume of gas at minimum system
pressureP3' cu. in.
Based on a Boyle's Law for the following states:

PIVl n=P2v2n=P3v3n
or

VI (PI) I/n= V2(P2)IIn= V3(P3) IIn
and

V=V-V
x 3 2,

From Boyle's Law for the changing conditions from
the fully charged accumulator to the discharge state:

V2 (P) IIn= V3 (P3) IIn
and

V3= Vx + V2'

or

V2 (P2) IIn = (P3) IIn(VX+ V2),

and finally with respect to V2:

V=2

From Boyle's Law for the changing conditions from
the pre-charged state to the fullychargedaccumulator:

(PI) IIn VI = (P2) I/n V2

or

(P) IIn
V = V =

I (PI) IIn 2

(P2) IIn (P3) IIn

(P I) IIn

(P2) IIn - (P3) I/n

V x

(1)

Figure 6.Actualphotos ofAPI 614 lube-
oil consolefeaturing 120 gallon, 500psi
accumulator designed for installation
within gas turbine unit within power
generation plant.
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