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Abstract : In the previous studies, the assumption of the solid rotation, the velocity profiles, the evaluation position, and
the eccentricities were discussed. In addition, the swirl coefficient and swirl ratio were assessed and compared via
measurement of the conventional impulse swirl meter(ISM) and calculation based on the velocity by particle image
velocimetry(PIV) from 1.75B position, which was 1.75 times bore position apart from the cylinder head, to the 6.00B
position. In this study, the influence of the axial flow on the flow evaluation was examined from 1.75B position to the
6.00B position in order to check the constant axial velocity assumption. For this purpose, the evaluation was performed
under the assumption that the axial velocity is proportional to the tangential velocity, and the results were compared
with the previous ones. The results showed that the influence of the axial velocity was larger than the effect of the
evaluation center setting. Also, the swirl coefficient increased because the increase in momentum around the cylinder
wall was much larger than the decrease of the one around the evaluation center when the axial velocity was considered.
Furthermore, the tangential and axial velocity distributions were quite similar, but there was also a backflow by
recirculation in the axial direction, thereby distorting the measured values. On the other hand, when the momentum was
conserved, the swirl coefficient measured by the ISM changed according to the measurement plane position due to the
momentum conversion caused by the flow structure change. In the ISM evaluation before 5B, the effects of the change
of the flow structure and the backflow were significant. After 5B, the effect of friction increased because the structural
change was reduced by the flow development. Finally, despite the angle of attack variation due to the flow progression,
its effect was not observed because the influences of tangential and axial flows were offset against each other, and the
evaluation value increased as the structure of the flow gradually turned to the ideal form in the evaluation of the PIV.
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Nomenclature

B : cylinder bore, m
C;  :flow coefficient

ISD :inner seat diameter

D : inner valve seat diameter
M : momentum
m : mass flow rate through port, kg/sec
N, :non-dimensional rig swirl
n : number of intake valve
R,  :swirl ratio
r : distance from center to element area
S : engine stroke
T : moment of momentum flux, N + m
v : average planar velocity
Uy : theoretical velocity through port, m/sec
Vg : tangential velocity, m/sec
v, : axial velocity, m/sec
v, : velocity(cartesian coordinate), m/sec
v, : velocity(cartesian coordinate), m/sec
a, :crank angle intake valve opening, rad
a, :crank angle intake valve closing, rad
P - density of air, kg/m’
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Fig. 1 (a) Definition of angles (6, : intake valve angle, 0, :
exhaust valve angle and 6, : intake port angle) and (b)
Schematics of 4 head with different intake valve angle

Transactions of the Korean Society of Automotive Engineers, Vol. 26, No.2, 2018 175



Cheolho Yang

Fig. 2 Schematics of (a) Steady flow bench and (b) PIV system

Table 1 Experimental conditions and specifications of PIV

Common
Valve angle (°) 11, 16,21, 26
Bore (mm) 86
Valve lift ISM 1~10, 1 mm increment
(mm) PIV 2,3,6,8,10 mm
Measuring position 1.75, 3.00, 4.50, 6.00 B
Pressure drop 15" H,0(383 mmH,0)
PIV
Separation 25 psec
I;;zlsseer Frequency 5 Hz
Width <100 pm
Raw Data No. 200
CCD Camera KODAK Megaplus ES 1.0
Lens 85 mm PC-E Micro Nikkor
Processing 50 % Overlap,16 x16 pixel
Atomizer TSI_SIX-JET 9306
Size <1 um
Particle No. Density 107 particle/cm3
Stokes No. <1
Software TSI Insight
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Fig. 3 Non-dimensional rig swirl as a function of non-
dimensional valve lift according to evaluation
position when V/A=11°

Table 2 Momentum according to evaluation method

Method Center Axial velocity assumption
Co Constant (v, ; = v= @,/ A)
Cylinder —
CCA Vei =~ Uz ° (Ui/v)
Ve Constant (v_; = v)
Swirl —
Ve v, =, (vi/v)
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Fig. 4 Momentum flux distribution of V/A 11° port according to evaluation position and method at 10 mm valve lift
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Fig. 7 Momentum flux distribution of V/A 21° port according to evaluation position and method at 10 mm valve lift
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Fig. 12 Tangential and axial velocity distribution of CI port at 1.75B position (Numerical analysis, Inner area of first contour line

in axial velocity is reverse flow region)
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Study on Evaluation Method of Flow Characteristics in Steady Flow Bench(6) - Effect of Axial Velocity
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