By Brenda Jones, Petro-Canada Lubricants

Different seasons, different

Fluids?

Multigrade fluids can

any mobile equipment operators in

the construction, forestry, mining

and transportation industries across
the northern U.S. and Canada continue to
change out hydraulic fluids for summer and
winter use. However, recent evaluations have
shown that switching to a single multigrade
fluid for year-round operations can improve
fuel efficiency for greater cost savings while
maintaining — and even improving — lubri-
cation protection.

High and low temperature
impact on viscosity

When it comes to hydraulic fluids, overall
pump efficiency relies on obtaining the ideal
balance between hydro-mechanical efficiency

be the single answer for mobile
ninery exposed to large seasonal variations.

and volumetric efficiency. More simply stated:
the viscosity of the hydraulic fluid must be thin
enough for the hydraulic pump to start easily,
especially at low temperatures, and to prevent
it from working too hard (mechanical effi-
ciency), but thick enough to prevent internal
pump leakage, loss of pressure, and effective
lubrication (volumetric efficiency).

Excessive viscosity at low temperatures can
result in reduced mechanical efficiency of the
hydraulic system and, in more extreme situa-
tions, to lubricant starvation and cavitation.
During lubrication starvation, the loss of the
thin lubricant film protecting parts creates high
contact temperature, excessive wear, and ulti-
mately results in pump seizure. Cavitation is
created due to excessive pressure drop at the
pump inlet. This eventually
leads to metal fatigue and
spalling, generating abrasive
metal particles in the fluid
and reducing pump life.

If viscosity is too low
when oil temperatures in-
crease, volumetric efficiency
drops due to increased inter-
nal leakage. Also, if the fluid
is too thin, moving parts are
not properly protected —
resulting in metal-to-metal
contact, overheating, parts
wear, and eventual pump
| seizure.

Very-high-viscosity-index (VHVI} fluids can improve fuel economy of mobile equipment '
by reducing load on the engine — especially at low ambient temperatures.

Thus, if viscosity is too
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high or too low, the resulting wear
in parts leads to an additional de-
cline in volumetric efficiency. As a
result, the hydraulic pump must
work harder to produce the re-
quired flow to hydraulic actuators.
The engine must, therefore, burn
more fuel to produce the desired
amount of hydraulic work. Higher
fuel consumption equals higher
costs. It also equals greater carbon
dioxide (CO,) emissions, which are
damaging to the environment. An
ideal hydraulic fluid self-adjusts to
the widest possible changes in
temperature, ensuring a smooth
startup as well as efficient peak-
temperature operation.

Multigrade hydraulic fluids are
formulated with high viscosity in-
dex base oils and additive pack-
ages to self-adjust to a wider tem-
perature range than monograde
hydraulic fluids. The viscosity of a
multigrade is lower below 104° F
than a monograde oil having the
same ISO viscosity grade. This
means the hydraulic fluid will flow
faster in cold temperatures, con-
tributing to improved mechanical
efficiency. In increasing tempera-
tures, the viscosity of a multigrade
fluid decreases less than that of a
monograde fluid, providing the
necessary volumetric efficiency at
higher temperatures. Hydraulic flu-
ids with very high viscosity index
(VHVID) base oils provide the best
performance.

Energy efficiency evaluation
Petro-Canada recently partici-

pated in a hydraulic fluid energy ef-

ficiency evaluation on a Denison
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T6CM mobile vane pump at 2,900
psi. This pump is typically found on
a wide variety of mobile equipment
in the construction, forestly. min-
ing, and transportation industries. A
range of commonly used mono-
grade hydraulic fluids, including
ISO 22, 32, 46, and 68 grades, were
compared to Hydrex XV All Season
multigrade hydraulic fluid.

For this article, we discuss the
performance of an ISO 22 mono-
grade (commonly used in winter
season conditions) and an ISO 46
monograde (commonly used for
summer season conditions). It was
necessary to estimate typical aver-
age oil temperatures at the pump
cartridge under continuous operat-
ing conditions for typical mid-size,
mid-flow-rate hydraulic pumps
during both seasons. This was ac-
complished by averaging the re-
sults of field measurements and in-
corporating an adjustment for
internal heating at the pump itself.

The evaluation showed that 23.8
kW were required to power a hy-
draulic pump using a winter sea-
son ISO 22 hydraulic fluid with a
flow rate of 12 gpm. This compares
to Hydrex XV, which required 24.2
kW of power with an actual flow
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rate of 14.6 gpm. The data was cal-
culated at an operating oil temper-
ature of 158° F, a pressure of 2,900
psi, and a speed of 2,000 rpm.

The power needed to drive a hy-
draulic pump using a summer sea-
son ISO 46 hydraulic fluid meas-
ured 23.9 kW with a flow rate of
12.2 gpm. This compares to Hy-
drex XV, which required 23.9 kW
of power but with an actual flow
rate of 12.8 gpm. This data was cal-
culated at an operating oil temper-
ature of 194° F, a pressure of 2,900
psi, and a speed of 2,000 rpm.

The energy required to deliver
the same volume of fluid under a
given pressure and pump speed
(energy efficiency savings) is calcu-
lated using the following formula:
Em = En = Py X Qun + [Py 3% Q;mJ
where P is power (kW) needed to
drive the pump,

Qa is actual flow rate (Ipm),
H is Hydrex XV, and
M is monograde fluid.

Using this formula with the win-
ter season set above, the energy ef-
ficiency savings of the VHVI multi-

continued on page 60
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continued from page 35

grade can be calculated versus the
ISO 22 hydraulic fluid.

Winter energy savings

= (23.8 X 55.3)+(24.2 X 45.3)
1,316.14 + 1,096.26
1.2005728
1.2005728 — 1 X 100
20.1%

II

For the summer season set
above, the energy efficiency sav-
ings of the VHVI multigrade versus
the ISO 46 hydraulic fluid is:

Summer energy savings
= (23.9 X 48.4)+(23.9 X 46.2)
= 1,156.76 + 1,104.18
= 1.047619
= 1.047619 -1 X 100
= 4.8%

Knowing the energy efficiency
savings percentages, the diesel fuel
savings that results from switching
from an 1SO 22 hydraulic fluid in
winter and an [SO 46 hydraulic
fluid in summer to a VHVI multi-
grade year round can be calcu-
lated. Diesel fuel savings are calcu-
lated based on gallons of fuel used
for a given amount of work.

Summer:

23.9 kW X 0.048 % 1,000 hrs

= 1,147.2 kWh X 0.0573 gal of
diesel fuel/kWh

=79.3 gal of fuel saved

Winter:

24.2 KW 0.201 % 1,000 hrs

= 4,804.2 kWh X 0.0691 gal of
diesel fuel/kWh

= 330.3 gal of fuel saved

Total: = 79.3 + 336.3

= 415.6 gal of fuel saved

Assuming a diesel fuel cost of
$1.72/gallon, the cost savings
would be:

415.6 gal X $1.72/gal = $715 per
pump

With a fleet of 100 vehicles (total
of 200 pumps) the total cost savings
to perform the same amount of work
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would be: $715 per pump X 200
pumps = $143,000 annually.

When considering environmental
impuact, a fleet of 100 vehicles would
conserve 83,123 gal of fuel, corre-
sponding to a reduction of approxi-
mately 817 tons of CO, emissions.

The result shows that by select-
ing the proper multigrade hy-
draulic fluid, an operator can
significantly reduce fuel use in
hydraulic pump operations for a
given amount of work, thereby re-
ducing operating costs. For the
owner of a medium-sized fleet, this
can translate into an annual savings
of approximately $143,000. For
larger fleet operations, the savings
are significantly greater,

In preparing to change from
monograde hydraulic fluids to a
single multigrade fluid, the key fac-
tors to examine are maximum op-
erating pressure, minimum and
maximum operating temperatures,
and the viscosity recommendations
provided by the pump manufac-
turer. This will likely include the
maximum startup viscosity under
load, the range of optimum operat-
ing viscosity, and the minimum
and maximum operating viscosity.

The relative performance of

available multigrade fluids should
be compared before one is se-
lected. All multigrade fluids are not
created equal. A VHVI multigrade
hydraulic fluid such as Hydrex XV

will not only provide good energy
efficiency, it also has additional
performance benefits.

Hydrex XV is a very high viscos-
ity index, high performance, long-
life, anti-wear hydraulic fluid, de-
signed for all season use in
heavy-duty hydraulic systems. By
removing impurities that can hinder
the performance of conventional
oils, and blending in specialty
additives, it is said to last longer
than competitive fluids. It allows
hydraulic systems to start at temper-
atures as low as -40° F,
no-load conditions.

In today’s operating environ-
ment, where maximizing equip-
ment productivity is essential,
switching to a multigrade hydraulic
fluid is a significant step to reduc-
ing costs. Fuel consumption for a
given amount of work may be sig-

under

nificantly reduced, seasonal oil
changes eliminated and mainte-
nance time decreased. At the same
time greenhouse emissions can be
lowered. Switching to a VHVI pre-
mium multigrade fluid can improve
equipment protection even further,
resulting in even greater cost sav-
ings and equipment protection,
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