Explaining
Dry Sump Engine
Lubrication
BY MIKE MAVRIGIAN

The purpose of this article is to explain dry sump oil systems
and how they differ from traditional wet sump systems.
WET SUMP ENGINE OILING

The majority of street engines, and many race engines,
utilize a “wet sump” system to deliver pressurized
oil to the engine’s internal rotating and reciprocating
assemblies. Engine oil is stored in the oil pan sump (the
reservoir section of the pan).
Here are the basics:
1. Since this style pump is driven by the crank or
indirectly via the distributor drive, the pump should
start pumping as soon as the engine spins over.
2. As the oil pump gears rotate, oil is pressurized
and distributed from this main source throughout the
engine.
3. Oil is then distributed through the oil passages
in the block, to the crank journals, main bearings, rod
bearings and eventually to the extended valvetrain.
4. After the delivered oil has been routed through
the oil system, it’s free to drain back to the sump, with
delivery and drain-back serving as an ongoing cycle
during engine operation.
The wet-sump oil pump, depending on engine
design, may be driven by the distributor (with an
intermediate shaft connecting the distributor shaft to
the oil pump) or by a crank-mounted gerotor-style oil
pump that is driven directly by the crankshaft snout.
General Motors LS engines, as but one example,
feature a crank-driven pump. Both styles are readily
available from leading manufacturers such as Melling
Select.
In a wet sump design, the pump requires a
“pickup” which must be immersed in the oil pan’s
sump at all times. The pickup will feature a filtering
screen which will prevent large objects from entering
the pump. Depending on pump, engine and oil pan
design, the pickup will feature a short or long pickup
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tube that connects the pump to the pickup. If the oil
pump is located directly over or very close to the oil
pan’s sump, the tube length will be short. If the pump is
located at one end of the block but the sump is located
at the opposite end, a longer tube is needed to locate
the pickup deep inside the sump.
When fitting the pickup to the pump, test fit to
make sure that the pickup is located close to the
floor of the pan sump (around 5/16” or so clearance
between the pickup and sump floor). If the oil pump
design features a press-fit pickup tube, press-fit the
tube into the pump using a pickup tube installer tool
(this features a crescent-shaped head that allows you
to capture the tube’s swedged end). With the pump
mounted to the block, use this tool and a clean hammer
to install the tube to the pump. Measure the distance
from the oil pan rail to the sump floor. Then adjust
the clock position of the tube at the pump to place
the bottom of the pickup close to the pan’s sump floor
(measure from the block’s pan rail to the bottom of
the pickup). Once you have the pickup adjusted, use
a marker to place matchmarks on the pump and tube.
Remove the pump from the block and tack-weld or
full-weld the tube to the pump. This will insure that the
pickup tube won’t move or loosen.
If the oil pump is crank-driven, citing the GM LS
engine family as but one example, the pickup tube
will feature a slip-in fit to the pump (sealed with an
O-ring). A mounting tab on the tube will bolt to the
pump body. If you’re using a stock-type oil pan, no
adjustment will be needed, as the pickup tube assembly
will bolt down in a fixed position (the tube will feature
another mounting tab or bracket that will bolt to one
of the main caps).

A dry sump system consists of an external pump for oil delivery and
scavenging, a toothed pulley for the crank snout (for belt-driven
applications), an oil reservoir tank, toothed belt, dedicated dry sump
pan and pump mounting bracket. Add to this –AN plumbing and a
breather canister. Dry sump systems are also available where the
pump is driven by the camshaft instead of by a belt from the crank
to the pump.

Any distributor-driven
oil pump that features a
press fit for the pickup
should be welded or
brazed at the connection.

Regardless of whether the
pump is distributor driven or
crank driven, if you’re using an
aftermarket oil pan that features
a deeper sump, you must then
use the specific pickup assembly
recommended by the pan maker
in order to submerge the pump for
adequate oil pickup.
Another type of gerotor pump
is the “billet” style that bolts to the
block in the “traditional” manner
suited to an early generation engine
and features a built-in pickup,
with no external pickup tube. This
style of pump (made by Moroso
and others) is available for specific
applications where a specific
oil pan is to be used, with the
pan sump located directly in the
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A wet sump system requires a baffle in the pan to help contain oil to prevent excess oil from climbing out during hard G-forces, in addition to a windage tray that
aids in keeping excess oil splashback from collecting onto the crank counterweights. Louvers/openings provide drain-back to aid in scavenging oil from the crank.

location of the pump. A big advantage
of this type of pump is that there’s no
press-fit pickup tube to loosen up during
engine operation, so there’s no concern
about sucking air into the oil system due
to a loosened or broken tube.
Wet sump oil pumps are available
for either high pressure, high volume or
a combination of increased pressure and
volume to suit specific needs. Pressure
can also be modified by changing
pressure springs.
If you’ve decided to use an
aftermarket oil pan (with a deeper
sump), pay attention to the oil level
dipstick. Rather than simply assume that
a dipstick “made for that engine” will
feature properly-placed level indicators.
With the engine upright and at the level
to which it would be installed in the
vehicle, add the specified amount of
oil that your pan calls for. Allow a few
minutes for the oil to drain down into the
sump. Insert the dipstick and compare
20
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the fluid level to the marks on the stick.
You may need to place different marks
on the stick, or you may find that you
need a longer stick. Aftermarket dipsticks
are available that can easily be customlength-fit. Flexible (woven stainless steel
cable style) sticks will feature a swedgedon tip that can then be cut to length at
the top end. The upper end is secured
in a billet aluminum handle with a set
screw.

DRY SUMP SYSTEMS

While a wet sump system, equipped with
a properly designed pan that’s baffled to
reduce the chance of oil starvation during
extreme lateral or longitudinal vehicle
angles is perfectly suited for performance
and most racing applications, a dry sump
system offers a different oil management
approach which includes the ability to
lower the engine location in order to
obtain a lower center of gravity (due to
the shallow pan), increased oil capacity,

elimination of oil starvation during
extreme maneuvers and improved
windage reduction.
As compared to a wet sump system, a
“dry sump” system takes a different and
much more direct approach.
Here are the basics:
1. An externally mounted oil pump is
driven either by a crank-driven belt or by
the camshaft nose.
2. Instead of the oil being stored,
picked up and returned to a sumped pan,
a remotely-mounted reservoir tank serves
to store and supply the oil.
3. The external pump features
multiple “stages” (a series of pumps
mounted in a row), with one stage
delivering pressurized oil to the engine,
and remaining stages scavenging (pulling)
oil from the engine, with another stage
pumping this oil back to the remote
oil reservoir. The dry sump pan does
not store oil. Rather, it serves as a
containment area from which the pump
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removes internally drained oil from the
engine.
In very basic terms, the external
pump pulls oil from the remote reservoir,
and then pushes the oil (under pressure)
to wherever directed by the plumbing.
In this manner, oil can be directly sent
to the main bearings through a block
port, and oil can be delivered directly to
the valvetrain with one or two plumbed
hoses (depending on the application),
oil can be directly delivered to a
turbocharger, etc. Dry sump pumps are
offered in stages depending on how many
direct-delivery and return (scavenge)
routes are required. The advantages
include immediate oil delivery to specific
areas, and elimination of oil starvation
caused by angle and centrifugal forces
(when the race car accelerates, brakes, or
turns, which may momentarily expose
an in-the-pan oil pump pickup, allowing
air (not oil) to travel throughout the
block. Also, because the oil reservoir is
not located directly under the crankshaft,
under severe longitudinal or lateral
forces, oil won’t pool up and immerse

Crank-driven oil pumps, such as those found on GM LS engines, are driven at crank speed. The pickup tube
bolts directly to the pump and sealed with an O-ring.
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A crank-driven wet sump oil pump is driven by a drive gear the
crank snout. This example is a slip-on drive gear for an LS engine
that incorporates both a timing chain sprocket and broad, shallow
teeth that engage to the pump’s driven gear.

Brass

★

Stainless

★

Steel

The pump’s driven gear slips over and engages to the drive gear,
which installs onto the crankshaft snout.

the crank counterweights in oil, so the potential for oil
aeration is eliminated.
Also, since the scavenge section(s) of the dry
sump pump pull oil from the shallow dry sump pan,
this creates a vacuum, pulling excess oil from the
surfaces of the crank and rods, reducing parasitic drag
(reducing windage, which means more efficient use of
engine power). The vacuum effect also improves piston
ring sealing.
A dry sump pump is belt-driven, using a toothed
drive belt and pulleys. The tooth design features either
a square tooth (known as a Gilmer belt & pulleys) or a
radius-tooth (known as HTD).
24
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MADE IN THE U.S.A.

MADE IN THE U.S.A.

THE ONLY HEAT TAB MADE IN U.S.A.
C

M

Y

DON’T BE FOOLED BY COPIES FROM OFFSHORE IMITATIONS
SILVER SEAL CENTER MATERIAL IS CERTIFIED
MADE IN THE U.S. UNDER U.S. STANDARDS.
U.S. PATENT#
5,482,000

CM

DRY SUMP DRIVE BELT AND
PULLEY STYLES

We mentioned the use of both HTD and Gilmer belt
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Square-toothed Gilmer belt drives are tried and
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drives are designed for handling increased loads, since
they offer a deeper tooth engagement. Most dry sump
system manufacturers offer both styles.

MY

CY

CMY

K

PREMIUM

HIGH-TEMP

LOW-TEMP

MARINE

250°-255°F
(121°-124°C)

225°-230°F
(107°-110°C)

187°-192°F
(86°-89°C)

HIGH-TEMP
250°-255°F
(121°-124°C)

DIESEL

HEAT TAB ADHESIVE
EXCLUSIVE FORMULA!
FRONT

PERSONALIZED
HEAT TABS AVAILABLE!
BACK

Certification of Center Melt Material
h#
Batc

A MUST for Engine Builders Large or Small
Court Cases Won with 100% Results
DO NOT Risk Your Hard Work
Using Off Shore Imitations

100612

by you
issued tions
der
ica
nt or e specif
pursua licabl
plied s to app
rm
ial sup
mater ve confoements.
the
that listed abo requir
is
tify
or
as
tion”
that ce
Block.
We cer mbered
ProtecSides of heat tab
nu
lete
eviden
e
th
mp
th
and
ual
Bo
Co
&
re of fast vis
“For h Head
peratu
ing
On Eac the tem t, provid ed!
eat
ou
ches
Attach

lt
s overh
ine rea will me
ine ha
ter
an eng
When , the cen that eng
led
S
instal
AT TAB

)

EMP HE
-124°C
HIGH-T 1
F(121°
°-255°
# HT
PART
INT 250
NG PO
MELTI
3
MI 4818
NTON,
521.0580
RD., TRE
FAX: 800.
ALLEN
19224
4770
521.2936
: 734.479.
NE: 800.
E PHO
2255 FAX
TOLL FRE
734.479.
L.COM
PHONE:
LVER-SEA
LOCAL
WWW.SI

silver
seal

dent
Presi
ns Sr.,

frey

Geof

A. Have

silver seal

p: 800-521-2936 f: 800-521-0580
silver-seal.com
Silver Seal Products | 19224 Allen Rd. | Trenton, MI 48183

Belt pitch: The distance (in millimeters) between
two adjacent tooth centers.
Belt pitch length: This refers to the total length of
the belt (belt circumference) along the pitch line (not
measured on the smooth outside face of the belt).
One aspect of a dry sump pump system that is often
overlooked is belt tension. Unlike a V-belt or serpentine
belt, a toothed belt does not require high tension, since
the teeth are providing the drive, which eliminates the
friction that is experienced with a tensioned belt. It’s
not unusual to see a toothed belt flapping a bit while
the engine is running. This is normal. If a toothed belt
is installed too tight, this can result in premature pulley
wear, or even resulting in the belt walking off of the
pulleys. According to Peterson Fluid Systems, a good
rule of thumb is that you should be able to twist-turn a
belt between pulleys 90-degrees and see the teeth.

DRY SUMP PLUMBING

When plumbing a dry sump system, size requirements
may vary somewhat, but a general rule of thumb is to
use –10, -12 and –16 hose, fitting and hose end sizes
(for some turbo applications, a –6 hose size may be
recommended). Generally, a larger size is required for
the return hose that runs out from the pump to the
remote oil reservoir (for instance, if –12 hoses are used
for all feeds, a –16 hose would be used for oil return to
the reservoir).
(continued)
www.engineprofessional.com
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While a dry sump oil pan will feature
threaded bungs to accept suction line
fittings (where drain-back oil is pulled
by the pump), plumbing to the block
or other areas may require drilling
and tapping or the purchase of special
adapters. Typically, if an adapter is
needed to feed oil to the block’s main
galley (at the stock oil filter location,
for example), aftermarket adapters are
readily available for all popular blocks.

Billet aluminum pumps are an
alternative for high-stress wet
sump race applications, featuring
an integrated pickup and screen
that requires no external pickup
tube. Because the pump bottom
must be immersed in the oil supply,
pump body heights are offered for
specific oil pan sump depths. This
style eliminates the possibility of
pickup tube leaks that might result
from extreme vibration.

DRY SUMP BREATHER

A dry sump system requires a separate
breather canister. The breather should
be mounted at a higher point than the
reservoir tank so that the hose running
from the breather to the reservoir tank
runs downhill; with as straight a routing
as possible to avoid any dips in the hose
where oil can pool. The hose should
allow venting while allowing any oil
in the hose to easily drain back to the
reservoir tank. Breather plumbing hose
should feature a minimum size of –12.
If a too-small diameter hose is used, this
can increase air velocity, which would
move more oil to the breather.

DRY SUMP DRIVES

An externally-mounted dry sump oil
pump is most commonly driven by a
notched belt (HTD radius tooth or
Gilmer square-tooth belt, both of which
feature a toothed design), directly from
the crankshaft snout (a pulley is installed
on the crank, with the belt connecting
the crank pulley to the pump pulley).
Dry sump pumps, via the proper pulley
diameters, are generally driven at about
half of crankshaft speed.
Dry sump pumps are also available
that are driven by the nose of the
camshaft, with the pump mounted on the
face of a special timing cover.

DRY SUMP SYSTEM ADVANTAGES
• More consistent oil pressure
• Oil isn’t pushed away from the
oil pickup during severe turns,
acceleration or braking, as may occur
with a wet sump system
• Adjustable oil pressure
• Increased oil system capacity
• Shorter profile pan, allowing engine to
be mounted lower in chassis for lower
center of gravity.
(continued)
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ABOVE: A billet pump installed on
a big block Chevy. No additional
pickup tube is required.
RIGHT: This shows the billet pump’s
bottom-cover screen.
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(Dry sump system illustrations courtesy Aviaid.)

• Increase in engine power due to
reduced windage and improved piston
ring sealing
• Positive oil delivery to critical areas of
the engine
• Cooler oil supply (since the oil
is quickly returned to the remote
reservoir instead of being stored in the
hot oil pan)

DRY SUMP PUMP STAGES

A dry sump pump features a pressure
section and a scavenge section. The
pressure section delivers oil to the
engine from the reservoir tank, while the
scavenge section pulls “leftover” oil from
28
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Dry sump pumps
are available in a range
of stages, depending on how
many scavenge points you wish
to utilize. Instead of using a separate pump
for each task, pump units are “stacked” and
driven by a common shaft at the same speed.

the dry sump pan (and other selected
engine areas such as the lifter valley) and
sends it back to the remote oil reservoir.
Dry sump pumps are built in “stages,
with one pressure section and one or
more scavenge sections. The additional
scavenge sections (as few as one, as many
as 6) allow oil to be scavenged more
quickly and efficiently from specific areas
of the engine, instead of waiting for the
oil to be drawn down into the pan for
scavenge pickup.
A typical 2-stage dry sump pump
features 1 pressure section and 1
scavenge section.
(continued)
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The picture at the right is an example of a dry
sump pump driven by the camshaft. Shown below
is an example of a 5-stage system on a race
engine. Note the four scavenge hoses at the pan.

A typical 3-stage dry sump pump
features 1 pressure section and 2
scavenge sections.
A typical 4-stage dry sump pump
features 1 pressure section and 3
scavenge sections.
A typical 5-stage dry sump pump
features 2 pressure sections and 3
scavenge sections.
A typical 6-stage dry sump pump
features 2 pressure sections and 4
scavenge sections.
A typical dry sump oil system features
a hose of components including:
•
•
•
•
•
•
•
•
•
•
•

Dry sump pump
Toothed dry sump pump pulley
Toothed pump drive belt
Pump fittings (male –AN 37-degree
flare to accept –AN hose ends)
Pump mounting bracket
In-line screened oil filter(s)
Remote in-line oil filter and filter
mount
Remote-mounted oil tank
Breather (separate or on-tank)
Oil filter block-off plate for engine
block where needed
-AN hose assemblies as required

The pressure stage on the dry sump
pump will feature a pressure adjustment
point (typically a set screw and jam nut).
Loosen the jam nut and turn the set
screw clockwise to increase pressure or
counterclockwise to decrease.
(continued)
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Whenever servicing –AN aluminum hose
ends, always us a dedicated aluminum
wrench to avoid damaging the hose ends.
A typical size for scavenge hose is –12.
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LEFT: The dry
sump oil pump
draws oil from
the bottom
fitting on the oil
reservoir tank.
Return hose to
the upper portion
of the tank
should be larger
in diameter, as
the –16 hose
shown here.

RIGHT: It’s too much of a gamble to assume that oil hoses are clean following an engine
failure. Flushing may or may not remove any metal particles. If in doubt, replace the hose.
Why take a chance of ruining a fresh rebuild? The same holds true for an oil cooler.

DRY SUMP OIL PANS
Plumbing a dry sump system requires a
dedicated dry sump oil pan. The pan will
be fitted with one or more scavenging
ports (depending on the number of pump
stages). Rather than a simple hole in the
side of the pan with a fitting, scavenging
pickup ports in the pan will feature
open-bottom tubes and/or open-bottom
box shrouds. This prevents air from
being sucked into the pump and reservoir
during extreme vehicle angle forces.
And obviously, a dry sump pan will be
shallow in design since it’s not being used
as an oil reservoir (which also provides
additional ground clearance, allowing
the engine to be mounted lower in the
chassis).

SYSTEM CLEANING
EXTREME CAUTION: If an engine fails
(by that we refer to any problem that
allows metal debris to enter the oiling
system), don’t neglect the dry sump
32
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system during the rebuild process. The
external oil pump must be disassembled,
cleaned and inspected for damage
(in-line filters can be plumbed in-line
in the oil return lines during system
installation, which is always a good idea,
but even if a filter is present, the pump
should still be inspected). Naturally,
the remote oil reservoir should also be
cleaned. However, many people tend
to overlook the hoses (and remote oil
cooler, if present). If you suspect metal
contamination, although you may try to
flush and clean all of the hoses, if you’re
dealing with hoses that you can’t also
visually inspect (long hose or hose fitted
with angled hose ends), the safest route
is to replace the hoses. That’s a call you’ll
need to make on your own, but be aware
that random debris might be lodged in
the hose inner wall. If you’re certain
that the hose is clean, by all means feel
free to re-use it. If you have any doubts
though, spend the money and replace

it. –AN hose assemblies may be pricey,
but they’re substantially cheaper than the
parts and labor cost that can result from
metal debris contamination of bearings,
journals, cylinder walls, pistons, lifters,
etc.n

Mike Mavrigian has written thousands of
technical articles over the past 30 years for
a variety of automotive publications. In addition,
he has written many books for HP Books.
Contact him at Birchwood Automotive Group,
Creston, OH. Call (330) 435-6347, email:
mike@birchwoodautomotive.com or visit
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