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Torque Performance Characteristic Improvement of a Gasoline Engine
for Motor Sport Competition due to Design of

Intake Air Manifold Configuration
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Abstract

Intake air manifold system can have an important effect on power and, especially, torque
performance characteristic of an engine. This study focuses on the design of the intake air manifold
system for a gasoline engine used in a formula racing car to compete in the TSAE Auto Challenge -
Student Formula 2013. The design objective is to improve torque characteristic, so the engine can

provide relatively flat torque value at close to the maximum point over a range of engine speed needing
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of the race. Four main parts of the manifold system are considered for the design investigation including:
Butterfly Valve diameter in the Throttling Body to be evaluated according to choke flow limitation; Venturi
profile to be selected base on minimizing flow restriction; Runner length to be determined fundamentally
due to the guideline from Helmholtz Resonator; Plenum geometry to be selected so balance flow
distribution to all engine pistons can be obtained. In addition to the fundamental theoretical calculations,
the investigation utilizes commercial software packages to simulate intake air flow as well as to evaluate
engine performance during the design processes. The design results are used for the construction of the
intake manifold system which is installed into the engine of the race car. The performance results via
standard dynamometer testing yield engine powers and torque values aligning with the calculations. High
flat torque value can be obtained over a range of engine speed between 8,250 and 10,500 rpm suitable
for car controlling in the competition.

Keywords: performance enhancement, gasoline engine, air intake manifold
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