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INTRODUCTION:
THE QUEST FOR
MORE POWER

For  as  long  as  there
have  been  internal
combustion  engines,
e n t h u s i a s t s  a n d
engineers have sought
ways  to  make  them
more  powerful.  While
increasing  engine
displacement  was  the
traditional  route,  it
comes  with  significant
weight  and  packaging
penal t ies .  A  more
elegant  solution  is
forced  induction,  a
method  of  artificially
increasing  the  density
of the air entering the

engine.  Among  the
forced induction family,
the  supercharger
s tands  ou t  fo r  i t s
immediate,  l inear
power  delivery  and
unmistakable  whine.
B u t  h o w  d o e s  a
supercharger  work?
This article provides a
c o m p r e h e n s i v e ,
detailed  look  at  the
mechanics,  types,
benefits, and trade-offs
of  this  remarkable
device,  demystifying
the  engineering  that
forces  an  engine  to
breathe  deeper  and
produce  significantly
more  horsepower.

UNDERSTANDING
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THE CORE
CONCEPT: FORCED
INDUCTION VS.
NATURALLY

ASPIRATED

To  fully  grasp  how  a
s u p e r c h a r g e r
functions,  one  must
first  understand  the
basic premise of a four-
s t roke  engine.  An
e n g i n e  i s
fundamentally  an  air
pump.  The  power  it
produces  is  directly
related to the amount
of  air  and  fuel  it  can
combust.  A  naturally
aspirated  (NA)  engine
r e l i e s  s o l e l y  o n
atmospheric  pressure
to  draw  air  into  its
cy l inders .  When  a
piston moves down, it
creates a vacuum, and
air  rushes  in  to  fill  the
void.  However,  this
process  is  inherently
limited by ambient air
p r e s s u r e
(approximately  14.7

psi  at  sea  level).  You
cannot  force  more  air
into  the  cylinder  than
the  pressure  of  the
atmosphere  without
external  help.
A  supercharger  solves
this  limitation.  It  is  a
m e c h a n i c a l  a i r
compressor  that  is
belt -dr iven,  gear-
driven, or chain-driven
directly by the engine’s
crankshaft.  Because  it
is  mechanically  linked
to the engine, it spins
a t  a  r a t i o  o f  t h e
e n g i n e ' s  R P M ,
providing  immediate
boost  pressure  the
moment the throttle is
opened. This is the key
differentiator  from  a
turbocharger,  which  is
powered  by  exhaust
gas and experiences a
delay known as "turbo
lag."  When  we  ask,
" h o w  d o e s  a
supercharger  work?",
the simplest answer is:
i t  i s  a  p u m p ,
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mechanically driven by
the engine, that forces
m o r e  a i r  i n t o  t h e
combustion  chamber
than the engine could
draw on its own.

THE ANATOMY OF
A SUPERCHARGER
SYSTEM

Before  div ing  into
types, it is important to
u n d e r s t a n d  t h e
common  components
that make up a typical
s u p e r c h a r g e r
instal lation.  While
designs  vary,  most
systems  share  these
key  parts:

The
Compressor
Unit: This is the
core of the
system, the
actual air-moving
device, which
can be a Roots-
type, twin-screw,
or centrifugal
unit.

The Drive
Mechanism: A
belt (most
common), chain,
or gears
connecting the
supercharger
pulley to the
engine's
crankshaft
pulley.
The Boost
Reference
Pulley: The
pulley size is
critical. A smaller
pulley on the
supercharger
makes it spin
faster relative to
the engine,
producing higher
boost pressure.
The Intake
Plenum: The
space where
compressed air is
collected before
being distributed
to the engine's
intake runners.
The Intercooler
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(Optional but
Common): A
heat exchanger
that cools the
compressed air
before it enters
the engine.
Compressing air
generates
significant heat,
which can lead to
detonation
(knock). An
intercooler
lowers the intake
air temperature,
increasing
density and
safety.
By-Pass Valve
(also known as
a Blow-Off
Valve or
Recirculation
Valve): This is a
crucial
component for
driveability.
When the
throttle plate
closes suddenly
(e.g., during a

gear shift), the
supercharger is
still spinning and
creating boost.
Without a bypass
valve, this
pressurized air
has nowhere to
go, causing a
pressure surge
that can damage
the supercharger
or the throttle
body. The bypass
valve opens to
recirculate the
boost back to the
intake of the
supercharger or
vent it to the
atmosphere.
Fuel System
Upgrades:
Adding more air
requires more
fuel. A
supercharger
installation
almost always
necessitates
larger fuel
injectors, a
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higher-flow fuel
pump, and a
tune for the
engine control
unit (ECU).

THE THREE MAIN
TYPES OF
SUPERCHARGERS

There  is  not  a  single
answer to the question,
" h o w  d o e s  a
supercharger  work?"
b e c a u s e  t h e
t e c h n o l o g y  h a s
evolved  into  three
primary  designs,  each
with its own strengths
and  characteristics.
Understanding  these
differences  is  key  to
selecting  the  right
system  for  a  specific
application.

1. Roots-
Type

Supercha
rger
The Roots blower is the
o l d e s t  a n d  m o s t
v i s u a l l y  i c o n i c
supercharger design. It
is  named  after  the
Roots  brothers  who
invented  i t  i n  the
1860s as an air mover
for blast furnaces, not
initially  for  engines.
How  does  a  Roots
supercharger  work?  It
c o n s i s t s  o f  t w o
m e s h i n g  l o b e s
(typically  with  two  or
three lobes each) that
rotate  inside  a  close-
fitting  housing.  As  the
lobes rotate, they trap
air  on  the  inlet  side
and carry it around to
t h e  o u t l e t  s i d e .
Critically, the air is not
compressed inside the
supercharger  itself.
Instead,  it  is  simply
moved from the intake
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to the plenum, where it
i s  fo rced  in to  the
engine.  This  is  often
described  as  a  "fixed-
displacement"  a i r
pump.
Key Characteristics:

Instant Boost:
Because it is a
positive
displacement
pump, it moves a
fixed volume of
air per
revolution. This
provides
immediate boost
from low RPM,
making the
engine feel
responsive and
powerful right off
idle.
Heat
Generation: The
Roots design is
inherently
inefficient. It
does not
compress air
internally;

instead, it
pressurizes the
plenum by
forcing air
against the
engine's intake.
This process is
thermodynamical
ly inefficient and
generates
significant heat.
Inefficient heat
leads to a
greater need for
intercooling.
Distinctive
Sound: Roots
superchargers
are famous for
their loud,
aggressive,
whining or
"screaming"
sound, especially
at higher RPM.
This is often a
desirable trait for
muscle cars and
hot rods.
Torque
Monster: They
produce massive
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torque at low and
mid-range RPMs,
providing a
thrilling surge of
power. This
makes them
ideal for street-
driven cars and
applications like
large-
displacement
V8s.
Common
Applications:
They are most
commonly seen
on American V8s
(e.g., Shelby
GT500, Dodge
Hellcat) and in
many classic hot
rods.

2. Twin-
Screw
Supercha

rger
T h e  t w i n - s c r e w
supercharger  is  often
misidentified  as  a
Roots  blower,  but  it
o p e r a t e s  o n  a
fundamentally different
principle. While it  also
uses  two  rotat ing
elements,  the  rotors
are  shaped  more  like
archimedean  screws.
How does a twin-screw
supercharger  work?
The  key  difference  is
that  a  twin-screw unit
c o m p r e s s e s  a i r
internally.  As  the  two
helical rotors (typically
male  and  female )
m e s h ,  t h e  s p a c e
b e t w e e n  t h e m
decreases as the air is
moved  from  the  inlet
to  the  out let .  This
c r e a t e s  i n t e r n a l
compression before the
air  is  discharged  into
the  plenum.  This  is  a
f o r m  o f  p o s i t i v e
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displacement  with
internal  compression,
w h i c h  m a k e s  i t
significantly  more
efficient  than  a  Roots
blower.
Key Characteristics:

High Efficiency:
Because it
compresses the
air internally, it
generates less
heat than a
Roots-type for
the same
amount of boost.
This allows for
less reliance on a
massive
intercooler and
reduces parasitic
losses.
Excellent Low-
End Torque:
Like the Roots, it
is a positive
displacement
pump, so it
provides instant,
powerful boost
from idle to

redline.
Quieter
Operation
(Relatively):
While still
audible, a twin-
screw unit is
generally less
loud and less
whiny than a
Roots blower. It
produces a
lower-pitched,
more mechanical
hum.
More Compact:
The design is
often more
compact than a
comparable
Roots unit,
making it easier
to package under
a low hood.
Common
Applications:
These are a
popular upgrade
for European
performance cars
(e.g., Audi, BMW,
Mercedes) as
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well as many
American V8
applications
where a balance
of power and
efficiency is
desired. The
Eaton TVS (Twin
Vortices Series)
is a modern,
highly advanced
twin-screw
design used on
many factory
supercharged
cars.

3.
Centrifug
al
Supercha
rger
T h e  c e n t r i f u g a l
supercharger  i s  a
completely  different

animal. It looks similar
to  a  turbocharger
compressor side, but is
mechanically driven by
a  belt .  How  does  a
c e n t r i f u g a l
supercharger  work?  It
uses  an  impeller  -  a
fan-like  wheel  with
curved  blades  -  that
spins at extremely high
speeds (up to 60,000+
RPM)  to  draw  air  in.
T h i s  a i r  i s  t h e n
accelerated  outwards
by  centrifugal  force,
whe re  i t  en te r s  a
volute  casing.  The
vo lute  i s  a  sp i ra l -
shaped  housing  that
converts  the  high-
speed, low-pressure air
into  low-speed,  high-
pressure  air  (this  is
known  as  dynamic
compression).
Key Characteristics:

Dynamic
Compression:
Unlike positive
displacement
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units, the boost
pressure
produced by a
centrifugal
supercharger is
exponential. It
produces very
little boost at low
RPM, but it builds
rapidly as the
engine revs
higher. This
results in a
power curve that
feels very much
like a large
turbocharger, but
without the lag of
a turbo.
High Top-End
Power: The
centrifugal
design is
exceptionally
efficient at high
RPM. It can
generate
massive
horsepower
numbers at the
top of the rev
range, making it

ideal for racing
applications
where high-
speed
performance is
king.
Low Parasitic
Loss: Because it
doesn't move a
fixed volume of
air per revolution
and only creates
significant load
when the
impeller is
spinning very
fast, it has the
lowest parasitic
drag on the
engine at low
RPM. This
translates to
better fuel
economy during
normal driving
compared to
Roots or twin-
screw units.
Quiet
Operation: The
only sound is a
subtle turbine
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whine, which is
much less
intrusive than
the gear whine of
a Roots. This
appeals to those
who want power
without the
obvious visual or
auditory
signature.
Ease of
Installation:
Many centrifugal
units are
designed as
"self-contained"
kits that are
relatively easy to
install on a wide
range of engines,
often requiring
less significant
modification to
the hood or front
accessory drive.
Common
Applications:
They are very
popular for late-
model Mustangs,
Camaros, and

imports (e.g.,
Honda, Nissan).
They are also the
supercharger of
choice for many
track-day cars
and competitive
drag racing
classes.

PROS AND CONS:
IS A
SUPERCHARGER
RIGHT FOR YOU?

Understanding  how  a
supercharger  works  is
o n l y  p a r t  o f  t h e
decision.  Weighing  its
advantages against its
d i sadvantages  i s
c r u c i a l  f o r  a n y
p e r f o r m a n c e
enthusiast.

Advantag
es

Immediate
Throttle
Response: By
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far the biggest
benefit. No lag.
The power is
directly tied to
engine RPM,
making for an
incredibly linear
and predictable
power delivery.
Low-End
Torque: Positive
displacement
superchargers
(Roots and Twin-
Screw) provide
tremendous low-
RPM torque,
making a car feel
incredibly strong
from a standstill.
Broad Power
Band: A well-
matched
supercharger can
provide a much
wider power
band than a
turbocharger of a
similar size,
delivering usable
power across the
entire rev range.

Reliability
(Generally):
Because they are
mechanically
driven and not
subjected to the
extreme heat of
exhaust gas,
superchargers
are often more
reliable and have
longer service
intervals than
turbochargers.
Simplicity of
Installation
(Some Kits):
Many modern
centrifugal kits
are relatively
straightforward
to install
compared to a
complex turbo
system.

Disadvan
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tages
Parasitic Loss:
This is the
primary
efficiency
disadvantage.
The
supercharger
draws power
directly from the
crankshaft to
turn itself. It can
consume 15-20%
of the engine's
gross
horsepower just

to drive it. The
net gain is the
increase in air
density minus
this loss. This
mechanical drag
is the price you
pay for instant
boost.
Heat
Generation:
Compressing air
generates heat.
Without an
efficient
intercooler, the
intake air


