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A Study on the Effects of Intake Port Geometry on In-Cylinder Swirl
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Abstract : This paper studies the effects of intake port configuration on the switl that is key parameter in the flow field
of direct injection diesel engines. In-cylinder flow characteristics is known to have significant effects on fuel air mixing,
combustion and emissions. To investigate the swirl flow generated by various intake ports, steady state flow tests were
conducted to evaluate the swirl. Helical port geometry, SCV shape and bypass were selected as the design parameters to
increase the swirl flow and parametric study was performed to choose the optimal port shape that would generate a high
swirl ratio efficiently. The results revealed that a key factor in generating a high swirl ratio was to suitably contro! the
direction of the intake air flow passing through the valve seat. For these purposes, we changed the distance of helical
and tangential port as well as installed bypass near the valve seat and the effects of intake port geometry on in-cylinder
flow field were visualized by a laser sheet visualization method. From the experimental results, we found that the swirl
ratio and mass flow rate had a trade off relation. In addition, the result indicates that the bypass is a effective method to
increase the swirl ratio without sacrificing mass flow rate.

Key words : Intake port(§ 7] £ E), Steady state flow test(*d /35 §), Bypass(d} o] | 25 2), SCV(A L EE
E 1l B), Swirl ratio(A>L 1))

Nomenclature B :cylinder bore [m]
S : engine stroke [m
C, :flow coefficient & . el
. ) . . n : number of intake valve
N, :non dimensional swirl ratio . R
D :valve inner seat diameter [m]
R, :swirl ratio L, :geometry coefficient
@ :angular velocity [rad/sec] ag :crank angle interval [rad]
@ :crank angle [rad]

Ny :nondimensional swirl ratio

RM , : ratio of increase of the actual mass flow rate{%]
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Fig. 1 Varous intake ports configuration used in this experiment

Table 1 The specification of intake port

arameter SCV Bypass Distance
Type [mm]

I Open Open 0

o Close Close 0
’_¥ m Open Close 37

v Open Close 47
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Fig. 3 Comparison of flow coefficient between two cylinder
heads with SCV and without SCV
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Fig. 4 Comparison of non dimensional swirl ratio between
two cylinder heads with SCV and without SCV
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Fig. 6 Mass flow rate of test intake ports with valve lift
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Table 4 Swirl ratio and increase rate of the actual mass flow
rate in 10mm maximum valve lift type

Type 1 Type I Type M Type IV
Rs 1.7816 1.8386 1.154 1.00
RM, 0.558[%] 0 61.70[%] | 64.55[%)

Table 5 Swirl ratio and increase rate of the actual mass flow
rate in 8mm maximum valve lift type

Type 1 Type I Type I Type IV
Rs 1.882 200 1.139 1.099
RM, 1.142[%] 0 61.25[%] | 65.49[%] |
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Fig. 7 Swirl ratio of test intake ports with valve lift
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Table 6 Increase rate of swirl ratio and actual mass flow rate
with each parameter in 8mm maximum valve lift type

SCvV Bypass Distance
R 43.05 [%] 5.9{%] 3.512 [%)]
M, 61.25 [%]} 1.142 [%)] 2.627 [%])
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