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Abstract : This paper is the eighth and last investigation on the methods of evaluating flow characteristics in a steady flow
bench. In this study, the effect of tangential velocity distribution along the radial direction on the measured torque is
quantitatively evaluated. For this purpose, the effects of the evaluation center setting and axial velocity are at 4.50 B, 4.50
times of the bore position apart from the bottom of the head, and the 6.00 B downstream plane were investigated. The
following conclusions were made. The distribution of tangential velocity in the radial direction increases as it goes
downstream, and, regardless of the center setting, for valve angles below 21°, the best match for ideal distribution is at 4.50
B, but at 6.00 B for 26°. Also, at 6.00 B, it shows a parabolic shape. Below 16°, it is higher than the ideal distribution for all
lifts, and sometimes it is above 21°. At the same time, the cumulative torque increases as it proceeds downstream, which best
matches the ISM evaluation at 4.50 B when axial velocity is proportional to the tangential velocity, and is a cylinder-centric
evaluation. Cumulative torque is often significantly higher than the ideal distribution at 6.00 B. Finally, regardless of the
measuring plane, lift, and valve angle, the cumulative torque of up to a dimensionless radius of 0.4 is very small, and,
practically, it has little effect on the final value. Furthermore, regardless of the center setting, it affects the final value when
the radius is 0.6 or more, though the value when the radius is 0.8 plays a dominant role.

Key words : Steady flow bench(“dd-5 "4 X)), Swirl(Z>¥), Impulse swirl meter(52 2] 2~2 =74 7]), PIV(Y A3 -7
Z:71), Velocity profile($ = 3), Intake valve angle(&- 7] 2 7} 1), Momentum(=--5 =), Eccentricity(H 4])

Nomenclature Subscripts
r : distance from center to element area C : cumulative value from center to specific radius
t :torque, N * m i : element area

A : volumetric flow rate ISM : based on ISM
v : velocity, m/sec S : summative value for same radius
- . T, Y, 2 : x,y, z direction in cartesian coordinate
v : average planar velocity S o .
. . 3 0 : 6 direction in cylindrical coordinate
p : density of air, kg/m
Superscripts

: non-dimensional
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Table 1 Experimental conditions and specifications of PIV

Table 2 Momentum according to evaluation method

Common Method Center Axial velocity assumption
Valve angle (°) 11, 16,21, 26 Ce Constant (v, ; =v, = Q,/A4)
Bore (mm) 86 Cen Cylinder v, =v, - (Uz /;)
Valve fift (mm) ISM 1 ~ 10, 1 mm increment Ve . Constant
PIV 2,3,6,8,10 — Swirl -
X . Vea Vei — U2 ° (Uv',/v>
Measuring position 1.75, 3.00, 4.50, 6.00 B
Pressure drop 15" H,O(383 mm H,0)
PIV @ STt S e vl glehe 49
Separation 25 usec
I];ils:: Frequency 5 Hz t,=pr;v, [vu ;cosf—u, Sln@} Ax Ay )
Width <100 pm
Sampling raw data No. 200 S E£EE5 Nlo R B35 At ), @ 4AHA
CCD camera KODAK Megaplus ES 1.0 (Element area)”7}A] 2] A2 -9] A3 9 = Hlksk &5 o
Lens 85 mm PC-E Micro Nikkor a1 ol what Table 200 AA]SF vle} 32o] 471X 9
Processing 50 % Overlap, 16 x16 pixel AL-2 u# g =t o 7|4 ISMe] A A =A 2k 71
Atomizer TSIL_SIX-JET 9306 A= A2 C = & F O}E} ZF Z4 ol A 2] E
Size <1 pm e 2o Fakd EaE F e &0 7ol et
Particle No. density 10 particle/cm® FavAy
Stokes No. <1

Software TSI Insight t; =rw.[v, cosf—v, sinb] /v, 3)
ot Add =t 7]]:/} PIV AJ 25 2] AR Table 1] t: TV [U COSQ*Um‘iSil’le]/’UM\J 4

HERSloH, ISMe] 79 HH X EZ | ~ 10 mm7}t
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2,3,6,8, 10 mmelA] A Bch. AAE G 9] 45
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PIVE A3 £2 72} 5 ade] 4 W3 &%
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