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Effect of Duct Geometries on Pulsating Exhaust Flow in S-shaped Ducts
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The present study is concerned with experimental and numerical investigation of pulsating exhaust flow from an
automotive engine. In our experiments, exhaust flow is generated in two S-shaped ducts, which consist of two bends
and straight parts, and PIV is employed to measure streamwise velocity fields at first and second bends. Numerical
simulations are performed with RNG k-¢ model. It is shown that the secondary flow consists of a pair of
counter-rotating vortices at the first bend outlet, and that the complex vortical structure appears at the second bend
outlet. We found that the straight part between two bends strongly affects the flow field after the second bend.
Mechanism of secondary flow formation is discussed by introducing radial directional force F., which acts on fluid in

a bend.
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Fig. 1 Schematic of the flow rig and set-up for the experiments (PIV and
Hot-Wire Anemometry).

(a) Test-section 1

Flow direction

Outer wall

First bend inlet

First bend outlet 32

f \\ N Cross section
Inner wa \ X

N\ N\
\~

\ "\
Second bend inlet \

x\ “
Outer waII ‘M
Second bend outlet
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Fig.2 Drawings of two S-shaped ducts for test sections. All lengths
shown in the figure are in mm.
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Fig. 3 Computational grid of first bend on the left and the cross section
on the right.
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Fig.4 Ducts geometries for the numerical simulations.
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Fig.5 \felocity histories measured by hot-wire and Q-switch signals of the
PIV laser.
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Fig.6 Experimental results of streamwise velocity fields for Test-section 2.
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Fig.7 Experimental results of streamwise velocity fields for Test-section 2.
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(b) Second bend
Fig.8 Numerical results of streamwise velocity fields for Test-section 1.
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Fig.9 Numerical results of streamwise velocity fields for Test-section 2.
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Fig. 10 Definition of radial axes
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Fig. 11 \elocity profiles along radial axis for Test-section 1.
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Fig. 12 \elocity profiles along radial axis for Test-section 2.
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Test-section 1.

Fig. 14 Isosurface of second invariant (Q = 1.0x10° [1/s2]) for
Test-section 2.
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Fig. 15 Numerical results of in-plane velocities and vorticity contours
for Test-section 1.
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Fig. 16 Numerical results of in-plane velocities and vorticity contours
for Test-section 2.
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Fig. 18 Profiles of Frat first bend inlets for both test sections.
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Fig. 20 Streamwise velocity distribution in the straight part.
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