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Historical Development of Exhaust Gas Turbocharger for Low Speed Marine Diesel Engine
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Bl Abstract

Dr. Alfred J. BUchi is well known as a pioneer of turbocharging engines using exhaust gas. The first practical
turbocharged engine was built in 1925 by Vulkan Werke in Hamburg. Its turbocharging system was based on the
Blchi system of 4 stroke cycle engine. After improving the turbocharging system, many 4 cycle engines were
manufactured as the turbocharged type. In Japan, the turbocharging test of 2 stroke cycle engine was performed
successfully in 1942, and its exhaust gas manifold system was patented in 1944 by the Japanese government.

New building of the large vessels spread in Japan in the 1950's. To meet the requirement of larger power output
of the engines, many turbocharging tests of 2 stroke cycle engine were carried out and successful, therefore, the
power output (mean effective pressure) of engine increased remarkably till 1970's.

In this period (1960's), the turbocharger gas casings of the water cooled type suffered from sulfuric corrosion,
because the engine had changed to use heavy fuel oil which contained sulfur component. In response to this
problem, a turbocharger using a non water cooled gas casing was developed in Japan in 1965 and it proved
robust against sulfuric corrosion.

The second oil crisis suddenly occurred in 1978, and then oil prices increased threefold than before. The
engine was changed from pulse system to a constant pressure turbocharging system to reduce specific fuel oil
consumption (SFOC). SFOC of constant pressure turbocharging system engine was lowered by approximately 22%
compared to pulse system engine, around 1980-1985. This also lowered the exhaust gas temperature, which in
turn affected the overall exhaust-gas boiler design whether the system was feasible or not. Non water cooled gas
casing became advantageous for the boiler system above, because there was 15-20 deg. C difference in exhaust
gas temperature after turbine between water cooled gas casings and non water cooled ones. The design of all
turbocharger was changed to prevent the contact of exhaust gas on the cooled surface of casings. However, the
main design concept of turbocharger remained unchanged.

The turbocharger maximum efficiency was improved remarkably from 65-66 % in around 1980 to 71-72 % in
1984. This occurred after the great SFOC reduction, and therefore a turbo-compound system was developed to
recover the energy from exhaust gas equivalent to surplus turbocharger efficiency. However, it disappeared from
the market in the 1990's due to lowered oil price than before.

In the 2000's, environmental factor came into focus, and the waste heat recovery system was rejuvenated
to contribute to total energy saving system in the ship. Some system were newly developed such as Power
turbine combined with Steam turbine for generator, Power turbine generation system (Stand alone type), Hybrid
turbocharger system, and Turbo Hydraulic System etc.

High pressure ratio turbochargers are currently ready to be applied to Tierll engines to comply with the IMO
regulation from all turbocharger suppliers, which were already effective as of 2011.
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