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Since the mid-20th century, high horsepower has been associated with “big block” large displacement engines.  American automotive manufactures of the 1960’s relied on using larger engines with more displacement to deliver more torque and more horsepower to the wheels.  Halfway around the world in Europe and Japan, the same emphasis on high powered engines developed.  However, foreign engineers responded with a different approach.  The “import” car popularity dwelled largely on light, nimble, responsive vehicles, cars that sacrificed power for agility.  In order to compete with American “muscle power”, import car manufacturers developed forced air induction, adding large amounts of smooth power with little weight gain.  Forced air induction can be broken down into three parts:  how charging works and the process, parts, and reasons for both turbocharging and supercharging.  

Forced air induction involves compressing more air into the engine than that which is naturally supplied by the expansion of combustion chamber volume.  In both types of charging systems, a pump is connected to the engine to drive an impeller or turbine, which pulls air through the filter and compresses it into the engine.  Typical charging systems compress around 6 psi of pressure above the ambient air pressure of 14.7 psi.  This increase results in a volume of air 1.5 times that of the chamber volume, increasing power by up to 50%.  In the process of forced air induction, more fuel must proportionally be added to the air.  Any high school chemistry student also knows that as pressure increases and volume remain the same, the temperature increases.  This principle also holds true to force air induction, where increased air temperatures pose a threat to detonation.  This problem is countered with intercooling, where the compressed air is cooled using a heat exchanger and the outside air.  With a firm grasp on the forced induction process, we can now look at each type of induction.  


As vehicles developed over the years, manufactures took note of the high speed and pressures at which exhaust gasses left the engine, viewing this as “wasted energy.”  The turbocharger harnesses this energy by using the exhaust flow to spin a turbine, which is directly connected to an air compressor located between the air filter and the intake manifold.  The air pump rotates along with the turbine, compressing air into the engine.  Although this technique seems like “free” energy, turbochargers only increase engine power 30-40%.  The energy needed to turn the air compressor increases the exhaust backpressure, increasing resisting forces on the exhaust stroke of the power cycle, lowering net engine power output.  One disadvantage of the turbocharger involves “turbo-lag”, or the time it takes the turbocharger to boost up to the operating pressure.  This lag is due to the rotating inertia of the turbine-compressor system, where larger turbo’s have higher “turbo-lag”.  A second disadvantage of turbocharging involves the high rate at which turbo’s rotate.  At 150,000 rpm and exhaust gas temperatures above 1000 deg F, most ball bearing systems break down.  As a result, the turbocharger shaft uses liquid bearings, where only a thin oil layer separates the shaft from the housing.  Even with all these complexities, the turbocharger provides a simple solution for a system developed to convert wasted exhaust energy into free horsepower, greatly increasing the power-to-weight ratio of any engine.

In a similar fashion as turbochargers, superchargers use a pump to compress air into the engine.  However, the energy required to drive this pump comes directly from the engine.   Like the water pump and alternator, a belt and pulley system connects the supercharger to the engine power output shaft.  There are three different compressors supercharging systems:  roots, centrifugal, and twin-screw.  The roots system uses positive displacement units, where every revolution of the blower pumps in a fixed amount of air regardless of engine speed.  This system results in early power delivery (2000 – 2500 rpm) and increased low end torque.  The centrifugal supercharger uses an impeller similar to that of a turbocharger compressor, resulting in similar performance characteristics to that of a turbo, with boost and subsequent power coming at higher rpm’s.  The twin-screw differs from a roots system only in the type of compressor shafts, where the twin-screw system uses twin screws instead of lobed shafts to compress the air.  Even as each of these systems have their advantages, superchargers in general also have pro’s and con’s.  The major disadvantage of superchargers includes the drive power.  Since superchargers do not take advantage of wasted energy, all power must come directly from the engine, lowering their efficiency compared to turbochargers.  Superchargers also run at 14 000, creating a loud, distinct, and somewhat annoying “whine.”  However, since superchargers are always rotating, there is no “super-lag” in that supercharger throttle response quicker and more direct over turbo systems.  


Although the American sports cars of today still rely on more displacement than their “import” counterparts for equivalent power, the use of forced air induction has become more prevalent and accepted as a standard for simple and lightweight power addition.  These systems allow automotive manufactures to use the same engine for different applications, lowering production costs while providing the customer with more choices.  
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