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How Turbochargers Work

When people talk about race cars or high-performasgorts cars, the topic of
turbochargers usually comes up. Turbochargersagpear on large diesel engines. A turbo
can significantly boost an engine's horsepower authsignificantly increasing its weight,
which is the huge benefit that makes turbos so laopu

In this article, we'll learn how a turbochargerrggses the power output of an engine
while surviving extreme operating conditions. Wellso learn how wastegates, ceramic
turbine blades and ball bearings help turbochargeitheir job even better. Turbochargers are
a type of forced induction system. They compress dir flowing into the engine. The
advantage of compressing the air is that it letsethgine squeeze more air into a cylinder, and
more air means that more fuel can be added. Therejmu get more power from each
explosion in each cylinder. A turbocharged enginedpces more power overall than the
same engine without the charging. This can sigaifily improve the power-to-weight ratio
for the engine.

In order to achieve this boost, the turbochargesuke exhaust flow from the engine
to spin a turbine, which in turn spins an air punipe turbine in the turbocharger spins at
speeds of up to 150,000 rotations per minute (rpnhat's about 30 times faster than most
car engines can go. And since it is hooked up ¢oetkhaust, the temperatures in the turbine
are also very high.
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The turbocharger system of the Mitsubishi Lancesl&on X

Turbochargers and Engines

One of the surest ways to get more power out arayine is to increase the amount of
air and fuel that it can burn. One way to do tlistad add cylinders or make the current
cylinders bigger. Sometimes these changes mayad¢dsible -- a turbo can be a simpler,
more compact way to add power, especially for sermfarket accessory.

Turbochargers allow an engine to burn more fuel aindoy packing more into the
existing cylinders. The typical boost provided byugbocharger is 6 to 8 pounds per square



inch (psi). Since normal atmospheric pressure ig p4di at sea level, you can see that you are
getting about 50 percent more air into the engifteerefore, you would expect to get 50
percent more power. It's not perfectly efficieng gou might get a 30- to 40-percent
improvement instead.
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Where the turbocharger is located in the car.

One cause of the inefficiency comes from the faat the power to spin the turbine is
not free. Having a turbine in the exhaust flow @ases the restriction in the exhaust. This
means that on the exhaust stroke, the engine hagstoagainst a higher back-pressure. This
subtracts a little bit of power from the cylindéngt are firing at the same time.

Turbocharger Design

The turbocharger is bolted to the exhaust manidblithe engine. The exhaust from the
cylinders spins the turbine, which works like a gabine engine. The turbine is connected
by a shaft to the compressor, which is located eetwthe air filter and the intake manifold.
The compressor pressurizes the air gomg into isterns.

How a turbocharger is plumbed in a car

The exhaust from the cylinders passes throughuttiéne blades, causing the turbine
to spin. The more exhaust that goes through traeblahe faster they spin.

On the other end of the shaft that the turbindteched to, the compressor pumps air
into the cylinders. The compressor is a type otrdfeigal pump — it draws air in at the center
of its blades and flings it outward as it spins.

In order to handle speeds of up to 150,000 rpmiuh&ne shaft has to be supported
very carefully. Most bearings would explode at sisekke this, so most turbochargers use a
fluid bearing. This type of bearing supports thafslbn a thin layer of oil that is constantly
pumped around the shaft. This serves two purpdsespls the shaft and some of the other
turbocharger parts, and it allows the shaft to spthout much friction.
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Inside a turbocharger

There are many tradeoffs involved in designing r@daharger for an engine. In the
next section, we'll look at some of these compresiend see how they affect performance.

Turbocharger Parts

One of the main problems with turbochargers is they do not provide an immediate
power boost when you step on the gas. It takessansgefor the turbine to get up to speed
before boost is produced. This results in a feetihtag when you step on the gas, and then
the car lunges ahead when the turbo gets moving.

One way to decrease turbo lag is to reduce théianef the rotating parts, mainly by
reducing their weight. This allows the turbine awminpressor to accelerate quickly, and start
providing boost earlier. One sure way to reduceribdia of the turbine and compressor is to
make the turbocharger smaller. A small turbochavgérprovide boost more quickly and at
lower engine speeds, but may not be able to prawgeh boost at higher engine speeds when
a really large volume of air is going into the erggilt is also in danger of spinning too
quickly at higher engine speeds, when lots of egheupassing through the turbine.

A large turbocharger can provide lots of boostightengine speeds, but may have
bad turbo lag because of how long it takes to acatd its heavier turbine and compressor.
Luckily, there are some tricks used to overcomedtahallenges.

Most automotive turbochargers have a wastegateshndliows the use of a smaller
turbocharger to reduce lag while preventing it frepinning too quickly at high engine
speeds. The wastegate is a valve that allows thausk to bypass the turbine blades. The
wastegate senses the boost pressure. If the peagstsrtoo high, it could be an indicator that
the turbine is spinning too quickly, so the wasteda/passes some of the exhaust around the
turbine blades, allowing the blades to slow down.

Some turbochargers use ball bearings instead iof flearings to support the turbine
shaft. But these are not your regular ball bearinghey are super-precise bearings made of
advanced materials to handle the speeds and tetupraf the turbocharger. They allow the
turbine shaft to spin with less friction than th&d bearings used in most turbochargers. They
also allow a slightly smaller, lighter shaft to bged. This helps the turbocharger accelerate
more quickly, further reducing turbo lag.

Ceramic turbine blades are lighter than the stéslds used in most turbochargers,
this allows the turbine to spin up to speed fastéich reduces turbo lag.



