Flow Visualization of Intake Manifold Aerodynamics:
A Refined Approach

Introduction

The efficient intake of air into an internal combustion engine is a critical factor influencing its
performance and fuel economy. The intake manifold plays a pivotal role in this process by distributing
the incoming air to the engine's cylinders. Understanding the complex flow dynamics within the intake
manifold can lead to design optimizations that enhance engine efficiency.

This report presents a detailed analysis of a flow visualization experiment conducted on a 3D-printed
model of a car intake manifold. The experiment aimed to visualize the flow patterns and identify
potential areas of flow separation and vortex formation. By employing a refined experimental setup
and advanced flow visualization techniques, this study provides valuable insights into the intricate flow
phenomena within the intake manifold. The resultant video of the experiment can be accessed
through this link : https://vimeo.com/1031562983?share=copy

Experimental Setup
Model Construction

A 3D-printed model of a car intake manifold was constructed using PLA plastic. This method ensured
precise dimensions and smooth surfaces, minimizing potential flow disturbances. The model
incorporated a single intake port and two cylinder ports.
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Flow Visualization Technique

To visualize the flow patterns, a smoke machine was used to generate a continuous supply of smoke.
This technique provided a more consistent and controlled flow of smoke compared to previous
methods. The smoke particles follow the flow streamlines, making the flow patterns visible to the
naked eye.

Video Recording

A Canon M50 Mark | camera equipped with a Canon 50mm 1.8 prime lens was used to capture the
flow visualization experiments. The camera was set to a high frame rate of 120 frames per second to
capture the rapid changes in the flow patterns.

Figure 2 Video recording Setup



Flow Physics and Observations
Corrected Intake Valve Timing

A significant improvement in this experiment was the accurate representation of the intake valve
timing. Unlike previous experiments, where both intake valves were assumed to be open
simultaneously, this experiment accurately simulated the sequential opening and closing of the valves.
This modification more closely replicates real-world engine conditions.

Reduced Shear Flow and Vortex Formation

Due to the corrected intake valve timing, the formation of strong shear layers and prominent vortices,
as observed in some previous studies, was significantly reduced. With one cylinder's intake valve
closed while the other is open, the air flow within the manifold is less turbulent. This results in a more
uniform flow distribution and a reduced likelihood of flow separation and vortex formation.
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Figure 4 New model vortex formation



Post-Processing and Analysis

Post-production editing was performed using Adobe Premiere Pro. The videos were slowed down to
24 frames per second to facilitate detailed analysis of the flow patterns. Color grading was applied to
enhance the contrast between the smoke and the background, making the flow patterns more visible.

Frame-by-frame analysis of the videos allowed for a quantitative assessment of the flow parameters,
such as velocity and vorticity. This analysis provided valuable insights into the flow physics and helped
to identify areas for potential optimization.

Conclusion

The refined flow visualization experiment provided a more accurate representation of the flow
dynamics within a car intake manifold. By addressing the limitations of previous studies and
incorporating a more realistic intake valve timing, we were able to gain a deeper understanding of the
flow patterns and the impact of valve timing on flow behavior.

The reduced formation of shear layers and vortices in this experiment highlights the importance of
accurate modeling of the intake valve timing. This finding has significant implications for the design of
intake manifolds, as it suggests that optimizing the timing and phasing of the intake valves can lead to
improved engine performance and efficiency.

Future research could explore the impact of different intake manifold geometries, such as the shape
of the intake ports and the length of the intake runners, on the flow patterns and engine performance.
Additionally, computational fluid dynamics (CFD) simulations can be used to complement
experimental studies and provide a more comprehensive understanding of the flow physics within the
intake manifold.
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