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Reservolrs

enough fluid to supply ahydraulic
system’ svarying needs, areser-
vair, Figure 1, provides.
e alarge surface areato transfer heat
from the fluid to the surrounding en-
vironment
e enough volumeto let returning fluid
slow down from a high entrance ve-
locity. Thislets heavier contaminants
ettle and entrained air escape
e aphysica barrier (baffle) that sepa-
rates fluid entering the reservoir from
fluid entering the pump suction line
@ air space above the fluid to accept
air that bubbles out of thefluid
@ access to remove used fluid and
contaminants from the system and to
add new fluid
o spacefor hot-fluid expansion, grav-
ity drain-back from asystem during shut-
down, and storage of large volumes
needed intermittently during peak peri-
ods of an operating cycle, and
@ aconvenient surface to mount other
system components, if practical.

These are the traditional roles of
reservoirs; new trends may present de-
viations from the norm. For example,
new designs for hydraulic systems of -
ten call for reservoirs that are much
smaller than those based on traditional
rules of thumb. Because most systems
warrant some special consideration, it
isimportant to consult industry stan-
dardsfor minimum guidelines. Recom-
mended Practice NFPA/T3.16.2* ad-

I n addition to holding in reserve

* Theindustry standard for hydraulic
reservoirsiscontained in NFPA/T3.16.2
R1-1996 (pending approval as ANSI/
B93.18), which is published by the Na-
tional Fluid Power Assn. To order acopy,
or for more information, contact NFPA,
3333 North Mayfair Rd., Milwaukee, W
53222-3219; phone 414/778-3344, fax
414/778-3361, or e-mail nfpa@nfpa.com.

When it comes to
reservoir design,
bigger is not
necessarily better. In
fact, the trend is to
provide smaller
reservoirs.
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Fig. 1. Cutaway illustrates key features of traditional rectangular reservoir. Baffle separates re-

turning fluid from that being drawn into pump.

dresses basi ¢ minimum design and con-
struction features for reservairs.

Reservoir sizing

Although the considerationsjust dis-
cussed may be important, the first vari-
ableto resolveis, indeed, reservoir vol-
ume. A rule of thumb for sizing a
hydraulic reservoir suggests that its vol-
ume should equal three times the rated
output of the system’ s fixed-displace-
ment pump or mean flow rate of its vari-
able-displacement pump. Thismeans a
system using a 5-gpm pump should have
a15-gal reservoir. The rule suggests an
adequate volumeto allow thefluid to rest
between work cyclesfor heat dissipation,
contaminant settling, and deaeration.
Keep in mind that thisisonly arule of
thumb for initial sizing. In fact, NFPA’s
Recommended Practice states, “Previ-
oudy, three times the pump capacity had
been recommended. Due to today’ s sys-
tem technology, design objectives have
changed for economic reasons, such as
space saving, minimizing oil usage, and
overal system cost reductions.”

Whether or not you choose to adhere

to the traditiona rule of thumb or follow
the trend toward smaller reservoirs, be
aware of parameters that may influence
the reservoir size required. For example,
somecircuit components— such aslarge
accumulators or cylinders — may in-
volvelargevolumesof fluid. Therefore, a
larger reservoir may have to be specified
so fluid level does not drop below the
pump inlet regardliess of pump flow.

Systems exposed to high ambient tem-
peraturesrequirealarger reservoir unless
they incorporate a heat exchanger. Be
sure to consider the substantial heat that
can be generated within ahydraulic sys-
tem. This hesat is generated when the hy-
draulic system produces more power
than is consumed by the load. A system
operating for significant periods with
pressurized fluid passing over arelief
vaveisacommon example.

Reservoir size, therefore, often is de-
termined primarily by the combination
of highest fluid temperature and highest
ambient temperature. All else being
equal, the smaller the temperature dif-
ference between the two, the larger the
surface area (and, therefore, volume) re-
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quired to dissipate heat from fluid to the
surrounding environment. Of course, if
ambient temperature exceeds fluid tem-
perature, a water-cooled or remote-
mounted heat exchanger will be needed
to cool thefluid. In fact, for applications
where space conservation isimportant,
heat exchangers can reduce reservoir
size (and cost) dramatically. Keep in
mind that the reservoir may not befull at
all times, so it may not be dissipating
heat through itsfull surface area.

The reservoir should contain addi-
tional space equal to at least 10% of its
fluid capacity. Thisallows for thermal
expansion of the fluid and gravity drain-
back during shutdown, yet till providesa
free fluid surface for deaeration. In any
event, NFPA/T3.16.2 requires that maxi-
mum fluid capacity of the reservoir be
marked permanently onitstop plate.

A trend toward specifying smaller
reservoir has emerged as a means of
reaping economic benefits. A smaller
reservoir is lighter, more compact, and
less expensive to manufacture and
maintain than one of traditional size.
Moreover, a smaller reservoir reduces
the total amount of fluid that can leak
from asystem — important from an en-
vironmental standpoint.

But specifyingasmaller reservair for a
system must be accompanied by modifi-
cations that compensate for the lower
volume of fluid contained in the reser-
voir. For example, because asmaller res-
ervoir hasless surface areafor heet trans-
fer, aheat exchanger may be necessary to
maintain fluid temperature within re-
quirements. Also, contaminants will not
have as great an opportunity for settling,
50 high-capacity filterswill berequiredto
trap contaminants that would otherwise
settlein the sump of the reservair.

Perhapsthe greatest challengeto using
asmaler reservoir lieswith removing air
from the fluid. A traditional reservoir
provides the opportunity for air to escape
from fluid beforeit is drawn into the
pump inlet. Providing too small areser-
voir could allow aerated fluid to bedrawn
into the pump. This could cause cavita-
tion and eventual damageor failure of the
pump. When specifying a small reser-
voir, consider installing aflow diffuser,
which reducesthe velocity of return fluid
(typically to 1 ft/sec), helps prevent
foaming and agitation, and reduces po-
tential pump cavitation from flow distur-
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Fig. 2. This modular power unit demonstrates a
trend in design: mounting the eleciric motor
vertically with the pump submerged in hy-
draulic fluid. This technique reduces leakage,
noise, and floor space required.

bances at theinlet. Another techniqueis
toingtall ascreen at an anglein the reser-
voir. The screen collects small bubbles,
which join with othersto form large bub-
blesthat readily risetothefluid’ ssurface.
Perhaps the best way to prevent aer-
ated fluid from being drawn into the
pump isto prevent aeration of fluid in the
first place by paying careful attention to
fluid flow paths, velocities, and pressures
when designing the hydraulic system.

Design configurations

Traditionally, the pump, electric mo-
tor, and other components of a hydraulic
power unit mount on top of arectangular
reservoir. The reservoir top, therefore,
must be structurally rigid enough to sup-
port these components, maintain align-
ments, and minimize vibration. An auxil-
iary plate may be mounted on the
reservoir’'stop to meet these objectives.
A big advantage of this configuration is
that it allows easy access to the pump,
motor, and accessories.

A current design trend has the electric
motor mounted verticaly, with the pump
submerged in hydraulic fluid, Figure 2.
This conserves space, because the reser-
voir can be made deeper and take up less
floor space than one with traditional

“bathtub” proportions. The submerged-
pump design also eliminates external
pump leakage, because any fluid leaking
fromthe pump flowsdirectly intotheres-
ervoir. In addition, the power unit is qui-
eter, because the hydraulic fluid tends to
damp pump noise.

An alternate configuration positions
the reservoir above the pump and motor,
Figure 3. This overhead configuration
provides the advantage of combining at-
mospheric pressure and the weight of the
fluid column to flood (force fluid into)
the pump inlet, which hel ps prevent cavi-
tation. The reservoir’ stop cover can be
removed to service internal components
without disturbing the pump and motor.

The overhead reservoir may cause a
problem with gravity-return drain lines,
S0 an auxiliary pump may be needed to
route fluid up to the reservoir. When
noise is a problem, overhead tanks pro-
vide the most convenient way to enclose
the pump and electric motor within a
noise suppression chamber.

Many applications use reservoirs that
combine characteristics of the different
configurations. For example, an L-
shaped reservoir, Figure 4, combines the
advantages of top- and base-mounted
reservoirs — aflooded pump inlet and
easy accessihility of components.

Reservoirs can also be pressurized to
flood the pump. This pressure can come
from an externa source or from trapped
air and fluid thermal expansion. A pres-
sure-control valve allowsfiltered air to
enter the reservoir when the fluid cools
but preventsitsrelease unless air inside
reaches athreshold pressure.

Shape and construction

Thereisno standard reservoir shape.
Geometrically, a square or arectangu-
lar prism has the largest heat-transfer
surface per unit volume. A cylindrical
shape, on the other hand, may be more
economical to fabricate. If the reservoir
is shallow, wide, and long, it may take
up more floor space than necessary and
does not takefull advantage of the heat-
transfer surface of thewalls.

Theoretically, because heat rises, the
reservoir top holds the greatest poten-
tial for heat transfer to the atmosphere.
However, in particularly dirty environ-
ments, contaminants often collect on
the reservoir top and act as insulation.
This reduces the effective heat transfer
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from the top of the reservoir, so reser-
voir sides could actually be the most ef-
fective heat transfer areain somein-
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stances. On the other hand, atall and
narrow geometry conserves floor space
and provides alarge surface area for

heat transfer from the sides. Depending
on the application, however, this shape
may not provide enough area at the top

Reservoirs for mobile equipment

M obile hydraulic reservoirs are ex-
pected to perform the same func-
tions astheir industrial counterparts —
but usually under more adverse and less
predictable operating conditions. Ma-
chinemotion (which makes complex baf-
fling systems necessary to prevent fluid
sloshing) and extreme ambient tempera-
tures are just two examples of the specia
problems designers of hydraulic systems
for mobile equipment face.

Size and weight limitations may re-
quire mobile equipment to operate with
reservoirs as small asthe volume apump
dischargesin aminute. Thisisroughly a
third the size of areservoir traditionally
used in an industrial application. The
space and shape limitations mobile
equipment places on reservoirs requires
that they often be custom designed. Cost,
size, and weight must be minimized,
while still maintaining adequate perfor-
mance and efficiency.

Internal or external filters?

Return filters are often placed inside
thetank to save space and to provideinte-
gra diffusion. One advantage of in-tank
return filtration is that filling the tank
through the filter helps ensure system
cleanliness. However, be sure contami-
nantscannot fall into the reservoir whena
return filter element is changed. Placing
filters within the tank provides aneat de-
sign but may promote contaminating an
areathat is difficult to keep clean. While
more difficult to plumb, external return
filters keep contamination outside the
tank, and they are more easily accessible
for servicing.

Magnets should be placed in the res-
ervoir to trap ferrous particles. Dams
and suction strainers also can be added
to increase the effectiveness of the res-
ervoir as a contaminant controller. Par-
ticle dams, placed between the return
and suction areas of the tank, help con-
tain heavier particlesthat may have by-
passed the return filters. Dams com-
monly consist of an angle plate that
extends across the floor of the tank.
The dam should be high enough to con-
tain particles until the reservoir is rou-

tinely cleaned but low enough to pre-
vent fluid from having to cascade over
it. Dams also provide ideal mounting
surfaces for magnets.

L ocating a pump at or above fluid
level and far away from the tank (more
the rule than the exception with mobile
equipment) usually prohibits the use of
pump inlet filters. Suction strainers or
filters should be considered as aform
of last-chance pump protection when
positive pump inlet conditions can be
provided — as with a charge pump or
pressurized reservoir. Pay attention to
fluid temperature (especially during

e W E S e 22 = 5
Reservoirs for mobile equipment often use
a dipstick to check fluid level because
sight gages, though preferred, might be in-
accessible or subject to damage.

startup) when sizing suction filtersif
equipment will operatein cold climates
and pumps cannot be disengaged dur-
ing startup.

Vented or pressurized reservoir?

Animportant design consideration is
whether to specify a vented or pressur-
ized reservoir. The major deciding fac-
tors are the location and inlet require-
ments of the pumps. The fluid level of
the reservoir in many mobile applica-
tionsisbelow the pumpinlet. At best, if
there is vacuum at the pump inlet, the
pump may have to be derated. If inlet
line losses are great enough, cavitation
will occur. In these cases, pressurizing
the reservoir will help maintain pump
performance.

There are three ways to pressurize a
reservoir on most mobile equipment:

1. Useregulated compressed air froma
machine’ s pneumatic system — the most

effective method — if available.

2. Trap the air within the reservoir
clearance volume (above the fluid) and
depend on thermal expansion of the fluid
to compressthisair, and thus pressurize
the reservoir. A reservoir pressure cap
holds pressure within the tank and re-
lieves excess pressure.

3. Tap pressurized air from the scav-
enge pump of atwo-cyclediesel engine.

With pressurized reservoirs, consid-
eration must be given to calculate
stresseson reservoir walls, because even
low pressures can exert substantial
loads. For example, an internal pressure
of only 3 psi applies aforce of 1800 |Ib
ona20- X 30-in.wall. Thisforce, com-
bined with weight of hydraulic fluid,
plus G forces involved in maobile equip-
ment, can produce stresses high enough
to actually work harden a metal reser-
voir. Work hardening makes the metal
more brittle, which eventually will
cause |eakage when the metal isexposed
to continued stress.

Wall stresses should also be calculated
for vented reservoirs. High stresses de-
velop quickly in large areas of flat plate.
And again, weight of the fluid can cause
large deflections. Furthermore, mounting
peripheral equipment, such asladders, to
areservoir increases the need to specify
stiffening members and thicker plate.

Cleaning and maintenance

Reservoir servicing must also betaken
into account. There must be provisionsto
drain both return and suction areas of the
tank, especialy if adamisinstalled to
separate them. Pipe couplings often are
used, but SAE O-ring portsprovide better
sedling. Valving should a'so be provided
to close off inlet lines when replacing
pumps or other components that are
mounted below fluid level.

Thisis often wishful thinking, but ac-
cess should be provided for cleaning and
maintaining the interior of the tank. |de-
ally, hatches should be large enough to
provide enough room for service person-
nel to maneuver cleaning tools. There
should also be means for lighting each
portion of the tank for inspection.

2003 Fluid Power Directory A/189




| Back | Home

Print Views

| Search Results | =

RESERVOIRS

surface of the fluid to let air escape.
The reservoir should be strong and
rigid enough to alow lifting and moving
whilefull. Appropriate lift rings, lugs, or
forklift provisions should beincluded.

Accessories

Reservoir accessories are used for:

e straining new fluid asit entersasystem
o filtering air drawn into the reservoir as
hydraulicfluid level risesand fallsduring
System operation

e indicating fluid level inthereservoir

e indicating fluid temperature

e routing return fluid to minimize po-
tential pump cavitation and improve
heat transfer

@ hesting cold or low-viscosity fluidsto
necessary operating temperature, and

e removing ferrous contaminant particles
fromthefluid.

Fluid must be added to the reservoir at
startup, after cleanout, and to makeup for
losses. Twofiller openings should permit
reasonably rapid filling (at least 5 gpm
each), intercept large contaminant parti-
clesfrom the new fluid, and either sed
when closed or filter incoming air if
vented as a breather. The openings
should be on opposite sides or ends of the
reservoir. Metal strainer screens of 30-
mesh or finer should have internal metal
guards and be attached so toolsare neces-
sary for removal. Thefiller cover should
be permanently attached, and if it does
not include abreather, aseparate breather
should be specified. In either case, 40-um
air filtration should be provided.

In addition to slowing down fluid re-

- o — T——-_
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Fig. 3. This industrial hydraulic power unit con-
sists of five pump-motor assemblies supplied by
an overhead reservoir. The overhead mounting
provides pressurized fluid to each pump’s inlet,
and mounting pump-motor assemblies offset
from reservoir provides access for lifting pump-
motor assemblies from overhead.
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turning to the reservoir, reducing foam-
ing and pump cavitation from flow dis-
turbances at the inlet, and providing
fluid mixing without agitation, flow dif-
fusers also reduce noise and the need for
baffling. They are especially effectivein
small reservoirs with high flows and in
deep reservoirswith asmall floor area.

A fluid-level indicator should be lo-
cated at each filler. Indicators should have
high and low levels marked against a.con-
trasting background to help maintain ap-
propriate fluid level. An electronic level
indicator can serve as a more sophisti-
cated dternative. These devicesuseava
riety of meansto measure liquid level.
Transducers produce acontinuous output,
and switchessigna when liquid reachesa
predetermined high or low level.

Fluid temperature measurement is
not required by the NFPA standard, but
aselection of thermometersisavailable,
many in the same housing as the fluid-
level indicator. (If high fluid tempera-
ture is a continuing problem, the heat
sourceinthecircuit should beidentified
and removed.) Aswith level indicators,
avariety of electronic temperature indi-
cators are available.

In either case, signals generated by
these devices are routed to adisplay or
control panel to provide operators with
an indication of fluid status. Wiring a
level or temperature switch into the ma-
chine’s control can prevent equipment
damage by shutting down the machine
if fluid reaches a dangerously low level
or high temperature.

After shutdown, or when the reservoir
is exposed to colder temperatures, the
fluid may betoo cold for immediate oper-
ation. Cold fluid may become viscous or
thick enough to prevent it from being
drawn into the pump, causing pump cavi-
tation or other problemsthat can damage
components or cause system malfunc-
tions. A thermostatically controlled
heater towarm fluid until itsviscosity be-
comes compatiblewith the system solves
this problem. Again, by wiring thisther-
mostat into the system control, machine
operation can be prevented until fluid
reaches aminimum temperature.

Magnets can be placed in the reservoir
to capture and remove metallic particles
from the fluid stream. Fluid returning to
the reservoir should be routed past in-
tank magnets to collect as many ferrous
particles as possible. Magnets should be

Sightglass Filler/breather/strainer

Fig. 4. An L-shaped reservoir combines the ad-
vantages of hase- and top-mounted reservoirs
by providing not only easy access to the pump,
motor, and other components but a flooded
pump inlet as well.

checked periodically and cleaned to en-
sure continued maximum performance.

Although hydraulic filters are usually
not considered reservoir accessories, a-
most all pump inlet strainers are located
within the reservoir, and many other fil-
ters mount on or through reservoir sur-
faces. Because the inlet strainer is out of
sight, a pressure gage will help indicate
when cleaning is necessary.

Integral reservoirs

In some systems, the hydraulic reser-
voir isbuilt as an integral part of the
equipment it serves. Because of the di-
versity of designs and special design
practices, integral reservoirs are not ad-
dressed in the NFPA/ANSI standard.
They are used most often with mobile
equipment, and their placement oftenis
an afterthought, which necessitates cus-
tom-designed shapesfor irregular aress.

A number of potential problems exist
with integral reservoirs that require spe-
cia consideration. Theseinclude:
® available space may limit size. Be-
cause heat transfer capacity is afunc-
tion of size, external oil coolers or heat
exchangers may be needed
e irregular shape may require specia baf-
fling to properly routefluid
@ surrounding equipment may limit con-
vectiona hest transfer
@ service accessibility may be poor, and
@ special heat shielding may be needed
to isolate components or the operator
from reservoir heat.

For more information on integral
reservoirs, refer to the box, “Reservoirs
for Mobile Equipment.””
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