M ikuni Fuel Pumps
The pulse fuel pump is by far one of
the most prolific and widely used fuel pumps for two-stroke engines. One of the big
advantages of this type of fuel pump is its simplicity and reliability. Although there are
moving parts within the fuel pump, those moving parts consist of 4 pieces of clear
Mylar plastic. Two are pumping diaphragms and two are check valves.(Figure: 1)
These parts are fixed in place and as a result see little to no wear. This category of
pulse type fuel pump is populated by a wide variety of styles as well as different manufacturers. For this article we
will concentrate specifically
on the dual outlet Mikuni fuel pump used
on the majority of the
2 cylinder Rotax 2
stroke engines.
Mechanical actuation
of this type of fuel pump is
accomplished through
the use of air pressure.
This concept may
seem a little bit confusing at first, but let’s
look at how this brilliant
concept is put into play. To start
with, we need to have an understanding of
how the two-stroke engine functions. For all practical purposes a multi-cylinder two-stroke engine can be thought of as two individual
engines connected via a crankshaft. Each cylinder is operating independent from the
other. A seal is placed around the crankshaft and in-between each cylinder to prevent crankcase air pressure from leaking from one cylinder to the other. The sealing
method by which this is accomplished varies depending on each engine design. This
sealed crankcase system is critical to the design of the two-stroke engine. As the piston travels upward on the compression stroke, it is not only compressing the fuel, air,
oil, mixture within the combustion chamber, but it is simultaneously increasing the
volume below the piston and within the crankcase. As we all know, if we increase the
volume, this will result in a lowering of the pressure within the crankcase. This lower
pressure is what draws the fuel, air, and oil mixture through the carburetor, into the
intake manifold, and subsequently into the crankcase. Many pilots operating twostroke engines are often surprised to learn that the fuel, air, and oil mixture does
not go directly into the cylinder, but rather enters the engine underneath the piston
while it is at the top of the compression stroke. This is the method by which the two-

stroke engine lubricates
the majority of moving
parts within the
lower end of
the engine. The
crankshaft, main
bearings, connecting rods, wrist
pin bearings, cylinder walls etc. All
rely on the oil that
is mixed with the
gasoline at a 50 to
1 ratio. Without this
sealed crankcase we
could not create the pressure
differential necessary to be able to draw
fuel, air, and oil into the crankcase.
As the piston is forced down on the
power stroke, as a result of the expandFigure: 1 Mikuni Fuel Pump
ing combustion gases, it is decreasing
the volume within the crankcase and causing an
increase in pressure. This positive pressurization of the crankcase is now used to
force the fuel, air, oil mixture up through transfer ports located on the side of the cylinders. These transfer ports are just as they sound, a passageway by which the fuel,
air, oil can be transported around the piston and into the combustion chamber. As
the piston reaches the bottom of it stroke, it begins the process all over again. This
results in a significant change in pressure within the crankcase. Positive pressure,
then negative pressure. Up to 6500 pulses per minute depending on the RPM of the
engine.
The Mikuni fuel pump is very similar to many other mechanical type fuel pumps
utilizing a mechanically operated diaphragm and two check valves. The primary difference is, that rather than attaching a mechanical arm to the diaphragm and operating it through some type of cam mechanism, we are simply using air pressure to
actuate the diaphragm. The diaphragm within the Mikuni fuel pump is made from a
flexible Mylar type of material. Once installed in the fuel pump, and pinched between
the gaskets and the body segments of the fuel pump, there isn’t really much movement of the diaphragm. However, if you’re moving the diaphragm 6500 times per minute, it doesn’t take much travel. Even if your engine is burning 4 gallons per hour, that
works out to only .0013 fluid ounces per stroke.
In (Figure: 2) we can see the pressure cycle within the fuel pump. By running a
hose from the crankcase of the engine to the diaphragm side of the fuel pump, we
can take advantage of this pressure differential to actuate this Mylar diaphragm.

There are basically 6 chambers within the fuel pump.(Figure: 3) The fuel inlet chamber is where fuel is drawn into the fuel pump from the fuel tank. As the diaphragm is
influenced by the negative pressure from within the crankcase it draws the diaphragm
down increasing the volume within the pumping chamber. It simultaneously closes
the outlet check valve, and opens the inlet check valve. This draws fuel from the inlet chamber into the pumping chamber. As the pressure is reversed, the inlet check
valve closes and the outlet check valve now opens. As the cycle begins to repeat
itself, the fuel that has been pumped into the fuel outlet chamber is prevented from
returning back to the pumping chamber by the Mylar check valve and the process
repeats itself.
As the fuel enters the carburetor on the engine, it raises the floats to shut off the
float bowl needle and seat. The pressure within the fuel line will begin to increase. As
this pressure increases within the fuel outlet chamber, the pressure against the Mylar
check valve and the pressure within the pumping chamber will reach an equilibrium
reducing the pumping action. At this point the pump will only move the diaphragm the
amount necessary to accommodate the fuel flow for any given power setting. In reality, the fuel pump has a significantly greater amount of capacity than is necessary
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to run the engine. Having the fuel pump not deliver the minimum required amount of
fuel for a particular power setting would inevitably end up in the inability to supply the
subsequent amount of fuel subsequently lowering the float level, resulting in a leaning of the mixture. At a minimum, this would likely result in engine damage and more
likely than not, engine stoppage. Unfortunately, it is the engine stoppage that normally gives the operator the first indication that something has gone awry with the fuel
pump. The more effective way for monitoring the health of the fuel pump, is by monitoring fuel pressure in between the fuel pump and the carburetor. A lowering of pressure, is an indication of the pumps lack of effectiveness.
If, in-flight, you see a fuel pressure drop, this could indicate a pulse pump heading
towards failure. If installed, this would be the time to turn on the auxiliary fuel pump
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and immediately head for home.
If an additional auxiliary fuel pump is used within the system it is typically placed in
series with the pulse pump. You can see in the diagram, that by applying pressure to
the fuel inlet chamber, the pressure from the auxiliary fuel pump can simply off seat
the inlet check valve, flow into the pumping chamber, and then offset the fuel outlet
check valve as the fuel flows unimpeded through the fuel pump. Under normal circumstances even a failure of the Mylar check valves within the pump would not prevent the free flow of fuel from an auxiliary fuel pump through the pulse pump itself.
Although the pumps have a great reputation and the potential for nearly flawless
operation, we still continue to see mistakes made, that result in fuel pump failures.
When it comes to system failures within the experimental aircraft world, fuel systems
in general, still continues to be one of those areas where we could use some significant improvement. In this article we have tried to lay down the theoretical foundation
on the inner workings of the pulse type fuel pumps. The next step is to identify the
more predominant failure modes and some installation do’es and don’ts. In part 2 of
this article, we will discuss more of the practical aspects of installation, maintenance,
and troubleshooting. Armed with the knowledge about both the theoretical and the
practical aspects of these fuel pumps, you should be up to operate your two-stroke
engine with complete reliability and confidence in the fuel pump that is so critical to
the operation of your engine.

