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imply put, turbochargers are the
most efficient way of compressing
atmosphere into your engine. There
is no parasitic loss, stress on the crank or
bearings, or even strain on the electrical
system. When done right, the power comes on
smoothly and steadily until redline. Plus, they
make such cool sounds. What’s not to love,
right? But of course, many people fear the
unknown. That’s exactly why Race Pages is
here to get you up to speed. Since you can
now—or should we say “again”—purchase a
Mustang from the factory with a turbo, we
figured it was the perfect time to review some
the basic components that increase the power
and performance of your engine.

32 y RACE PAGES // JUNE 2015

BY SCOTT PARKER
PHOTOS THE MANUFACTURERS

TURBO BASICS

TURBINE

As you may know, turbochargers effectively use the
kinetic energy of exhaust gas to compress fresh air. The heat
and pressure that pulses out of the combustion chambers
spins the turbine, which is connected to the compressor via
the turbine shaft. The size and design of the turbine wheel is
crucial to optimum performance. If you’ve seen a dyno
graph of a turbo car that seems to have a lot of torque down
low, but runs out of air in the upper RPM—that is a
symptom of having a turbine wheel that is too small. The
excessive backpressure literally chokes the engine. However,
with a wheel that is too large, the turbo will have excessive
lag and difficulty reaching the target boost level.
Turbine wheels are nearly always made of Inconel in order
to hold up to 2,000-degree exhaust. “We’ve seen a max of
about 150,000 RPM shaft speed, but the bigger turbos
typically hit 120,000,” says Bill Devine of Bullseye Power
Turbochargers. “It depends on the application, but the bigger
wheels run harder and we see more out of them.” Devine also
warned that picking the correct turbine wheel for the
application isn’t merely about size—“Diameter, blade count,
blade pitch, how much rake. Bigger isn’t always better.”

The turbine housing also plays a factor in performance,
which is constructed of thick iron or steel. The housing
connects to the manifolds at the flange (aka turbine foot),
and to the downpipe via the outlet connection. These can
vary greatly per model. T3, T4, T6, Large Frame, and V-band
are all common flange styles. Devine says some of his
customers prefer the V-band because “it is easy to get on
and off, it’s stainless steel so there’s no rust, it can be
polished, and it holds heat so it spools faster.” Meanwhile the
outlet can be 4-bolt, 5-bolt, and V-band typically. In between
the inlet and outlet of the turbine, the volute directs exhaust
gas across the turbine wheel and it has an Area/Radius (A/R)
that is typically listed with the turbo specs. The smaller the
A/R, the greater the velocity of the exhaust gas (faster
spooling). In a larger A/R housing, the folks at Garrett say the
flow, “Enters the wheel in a more radial fashion, increasing
the wheel’s effective flow capacity, resulting in lower
backpressure and better power at higher engine speeds.”

“We’ve seen a max of about
150,000 RPM shaft speed,
but the bigger turbos
typically hit 120,000.”
—Bill Devine, Bullseye Power

The turbine housing comes in a variety of bolt patterns as well as a V-band connection. Typically when
people refer to the size of the turbine wheel, they are referring to the exducer diameter. Another
common measurement for the turbine is the A/R, which is the cross-sectional area where the exhaust
flows into the turbine. Each turbo is usually available with several different A/R’s as it greatly affects
the exhaust velocity and the spool as the result. And it must be optimized to the engine combination.
Too small and there will be excessive backpressure, and the engine will run out of air at high RPM. Too
large and the turbo will take too long to spool, and may have difficultly hitting target boost.
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CHRA

The Center Housing/Rotating Assembly (CHRA) does two important jobs: it connects the turbine
housing to the compressor housing and it supports the bearings. Both wheels ride on the thrust bearing
system, which will be either a more traditional journal bearing or a ball bearing. A journal bearing is the
simplest form, and is very similar to what you’d find inside the main caps of your engine or the ends of
your axles. A ball bearing uses (captured) balls to separate the bearing races, which reduces friction.
According to Garrett, its ball bearing cartridge will allow a turbo to spool 15-percent faster.
Both Precision Turbo and Bullseye each have a ball bearing cartridge with ceramic balls for even less
friction. Durability is another advantage to ball bearings. Lower oil volume is needed to lubricate the
bearings, and it is, “More tolerant of marginal lube conditions,” according to Garrett. At the same time, it
offers, “Better damping and control over shaft motion.” The down side to ball bearings, though, is cost to
manufacture and maintain. Some manufacturers use water-cooling to preserve the ball bearings, but
other designs such as Bullseye’s don’t require it. “We designed our own oiling system, ceramic bearings
front and rear, and [not having water cooling] it makes it easier for the customer. There is no
performance advantage to water cooled bearings. That’s just to keep them alive,” says Devine.
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A ball bearing uses (captured) balls to separate
the bearing races, which reduces friction.
According to Garrett, its ball bearing cartridge
will allow a turbo to spool 15-percent faster.

Sometimes referred to as the “center section,” this is where the turbine
and compressor meet. This is also where the bearings are housed, which
surround the turbine shaft that spins the compressor at a 1:1 ratio from
the turbine. Bearing design varies between basic journal bearings, dual
ball bearing, ceramic ball bearing, and hybrids. Ball bearing designs spool
faster due to decreased friction, even more so with ceramic, and come in a
cartridge to capture the balls. Air and water-cooled versions of ball
bearing cartridges have no performance difference. These are just
different means of preserving the longevity of the bearings.
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COMPRESSOR

The compressor is the part that gets all the glory while everything else does the work, so we saved
this for last. Like the turbine, the compressor housing also has an A/R. Its performance is much less
sensitive to changes, which is why there are generally no options for different sizes (like on the turbine).
According to Garrett, larger A/R housings are sometimes used to optimize low boost applications,
while smaller A/R housings would be used with high boost. Both the housing (aka cover) and wheel are
almost always aluminum, though some have dabbled with titanium wheels. Generally with the
compressor, the most common measurements are the inlet and outlet as well as the inducer and
exducer wheel diameters. The inducer is, just like it sounds, the area of the wheel where the air enters
and is visible from the inlet. It will always be smaller than the exducer, which is the area where the air
exits the wheel. Typically when people refer to the size of the turbo, they are referring to the
compressor’s inducer diameter. Some manufacturers such as Garrett will also list the trim, which is
the ratio of inducer to exducer diameter.
Just like the turbine, it is important to keep in mind the whole package—not just the size. “The blade
count, surface area, blade pitch, size and height of the wheel, the design of the secondary blades in
relation to the primary, and the combination of everything working together is crucial,” says Devine.
“The general goal is to move more air at a lower shaft speed. There is a maximum amount of air that
we can move through that particular hole [the compressor outlet]. The reality is that no one really
knows what that limit is.” As engineers have refined compressor wheel designs over the years
(including with the new billet wheels), they have continued to push the envelope by maximizing
efficiency.
Now that you’ve got a sense of the basics, don’t forget to check out some of the other awesome
stories in this issue dedicated to our favorite kind of snails! There are plenty of resources for more
advanced level info as well that will help apply the science of speed to your Mustang. However, we’d
definitely recommend consulting with the professionals at your turbo supplier.

Typically when people refer to the size
of the turbo, they are referring to the
compressor’s inducer diameter.

The compressor side is where a considerable amount of R&D has been spent in recent
years to create the quick spooling turbos we know and love. Though some may make a
case for titanium, the material typically makes no performance difference. However, a
cast aluminum wheel has design limitations that a billet wheel does not. The blade pitch,
rake, height, surface area, etc can all be designed exactly as the engineer wants with a
billet wheel. It is important to understand the different measurements such as inducer
and exducer. Inducer is what you typically refer to as the size of the turbo. The diagram
and the Precision Pro Mod 91mm turbo’s CEA wheel demonstrate the difference. The
cover design, though pretty to look at, generally has less effect on the performance.
A V-band is the preferred outlet method on higher-boost applications, as a typical hose
clamp could easily blow off.
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