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Effects of Precharge Prop-
erties on Accumulators:

When applying an accumu-
lator in a hydraulic system,
it is very important to un-
derstand the property of ni-
trogen. Since nitrogen will
pretty much follow the ideal
gas laws at low pressure
(under 300 psi and tem-
peratures between 30°F up
to 100 °F) once these pa-
rameters are exceeded the
gas will deviate from the
ideal gas laws and follow
the real gas laws.

Since the precharge in the
accumulator is effected by
the change in a gases be-
havior, it is very important
to understand a little about
the properties of nitrogen.

We know the output of an
accumulator, or the useable
volume of an accumulator
between two distinct pres-
sures is determined by the
accumulator having the
proper precharge at the op-
erating temperature. If the
precharge is too high, we
know the accumulator will
not take in the correct
amount of fluid, resulting in
less fluid being discharged
from the accumulator to do
work between the minimum
and maximum pressure. If
the precharge is too low, we
know the accumulator will
take in more fluid, but there
will be less fluid. available
to do the work between the
minimum and maximum
pressure.
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Properties of Nitrogen

Nitrogen is the recommended
gas to be used to charge an
accumulator. Gases whose
compressibility factors are not
unity are referred to as actual
gases. What causes these
gases to deviate from the ideal
gases? It is assumed that the
molecules of an ideal gas be-
haves as perfect elastic
spheres, that intermolecular at-
traction has very little effect
and molecular size is insignifi-
cant when compared to the to-
tal volume. Any changes or
deviations from the above as-
sumption cause a real gas or
actual gas to deviate from the
ideal gas laws.

Since we recommend that dry
nitrogen be used in gas
charged accumulators to pre-
vent corrosion and oxidation,
the thermodynamic properties
of nitrogen should be under-
stood. Since nitrogen does not
fit the ideal gas laws, the com-
pressibility factor deviates from
unity at higher pressures and
temperatures. In most accu-
mulator applications, we are
compressing the gas to high
pressures and high tempera-
tures. Since nitrogen can act
like an ideal gas under certain
conditions and like a real gas
under other types of conditions,
we can divide the operation of
an accumulator into two types
of operations: one being iso-
thermal and the other being
adiabatic.

Isothermal Operation

“Isothermal” describes the op-
eration of an accumulator in
such a manner as to maintain
a constant temperature. Iso-
thermal operations require the
rate of expansion or compres-
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sion of the gas in the accumu-
lator is at such a rate that the
gas temperature inside the ac-
cumulator remains relatively
constant throughout the entire
cycle. This isothermal process
is accomplished by slowly let-
ting the gas inside the accumu-
lator expand and/or compress.
The heat that is generated from
the compression of the gas is
dissipated through the walls of
the accumulator or, in the case
of expansion, heat is drawn in
through the wall of the accu-
mulator thus maintaining a
relatively stable gas tempera-
ture. The equation below rep-
resents an isothermal process.

P1V4" = PoVy"

n =1 Polytropic Exponent

Adiabatic Operation

“Adiabatic” describes the op-
eration of an accumulator in
such a manner that the gas
temperature inside the accu-
mulator does not remain con-
stant. The gas temperature
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inside the accumulator in-
creases/decreases at a high
rate due to the rapid compres-
sion or expansion of the gas -
as a result, the gas tempera-
ture changes. In the case of
compression, the heat being
generated by the compression
of the gas cannot be dissipated
through the walls of the accu-
mulator fast enough, so the gas
retains some of the heat result-
ing in an increase in pressure.
In the case of expansion, the
gas temperature drops rapidly
and enough heat cannot be
drawn in through the wall of the
accumulator to maintain a con-
stant gas temperature, there-
fore the gas temperature drops.
When the gas temperature
drops, so does the pressure.
The equation below represents
an adiabatic process.

P1V4" = V)"

n = Polytropic Exponent
varies depending on the
gas in use, gas pressure
and temperature
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