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ABSTRACT: The knowledge of flows inside an engine's air loop is a necessity to improve automotive 
efficiency. More precisely, the design of the intake manifold directly influences in-cylinder flows, and so engine 
performance [1]. Thus we aimed to experimentally measure velocities in the eight runners of an intake manifold on a 
real running engine. Previous and preliminary works in different locations of the air loop (intake and exhaust gas 
recirculation ducts) already showed that the use of PIV to acquire velocity fields associated to each crank-angle was 
successful [2, 3]. Thus, we decided to apply PIV method to acquire simultaneously the velocities in the eight runners of 
the intake manifold at representative speed and load (1500 rpm, 40 Nm). Optical measurements on a running engine 
environment result in several kinds of constraints (vibrations, lack of space...). A specific PIV system was designed to 
deal with these constraints. It consisted in an integrated system interdependently linked with the engine, and was 
composed of a dual beam pulsed laser Nd:Yag, two cameras, two specific optical benches (emission and reception) and 
a data acquisition center. The emission bench allowed the single laser beam to reach the eight intake manifold cells with 
respect to a similar optical path length. The reception one (still with regards to the optical path length) was designed to 
obtain on each camera an image of flows inside four of the eight runners, thus eight runners were captured with two 
cameras. The data acquisition center recorded signals of a counter (to know the crank-angle) and the laser Qswitch time. 
Thereby, it was possible to know to which crank-angle any image referred to. Concerning the PIV post-process, since 
vibrations induced displacement between two successive pairs of image and moreover, since there were four distinct 
regions of interest (ROI) on each image, we choose to develop a python-coded full PIV software. This last one allows to 
pre-process images for experiments dealings with vibrations, and to apply different processes on each ROI (taking into 
account geometrical transformations due to, for instance, prisms or mirrors that change images’ orientations). After 
images pre-processing, an iterative cross-correlation PIV process [4] was applied to determine velocity vectors field in 
each runner. An average velocity was then calculated for every crank-angle, so velocities in each runner were drawn 
versus the crank-angle (cf. Fig 1.). This study was very challenging because of the engine environment and its technical 
constraints. Nevertheless, clean images were captured, enabling the PIV process to successfully calculate velocity 
vectors fields in each runner. 

 

Fig. 1 Left: Instantaneous velocity vectors field in the first helicoidal runner at crank-angle -125°. Right: 
Average velocities in the first helicoidal runner versus the crank-angle. 
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