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Abstract : This paper is the fifth investigation on the methods of evaluating flow characteristics in a steady flow bench.
In previous studies, several assumptions used in the steady flow bench were examined and it was concluded that the
assumption of the solid rotation may lead to serious problems. In addition, though the velocity profiles were improved
as the measuring position went downstream, the distributions were far from ideal regardless of the valve angle and
evaluation position. The eccentricities were also not sufficiently small to disregard the effect on impulse swirl meter
(ISM) measurement. Therefore, the effect of these distribution and eccentricity changes according to the positions needs
to be analyzed to discuss the method of flow characteristics estimation. In this context, the effects of evaluation position
on the steady flow characteristics were studied. For this purpose, the swirl coefficient and swirl ratio were assessed and
compared via measurement of the conventional ISM and calculation based on the velocity by particle image
velocimetry(PIV) from 1.75B, 1.75 times bore position apart from the cylinder head, to the 6.00B position. The results
show that the swirl coefficients by ISM strictly decrease and the curves as a function of the valve lift become smooth
and linear as the measuring position goes downstream. However, the values through the calculation based on the PIV
are higher at the farther position due to the approach of the tangential velocity profile to ideal. In addition, there exists
an offset effect between the velocity distribution and eccentricity in the low valve lift range when the coefficients are
estimated based on the swirl center. Finally, the curve of the swirl ratio by ISM and by PIV evaluation as a function the
measuring position intersect around 5.00B plane except at 26° valve angle.

Key words : Steady flow bench(%3 3573 =), Swirl(Z=¥), Impulse swirl meter(%24 2] 2~ Z3 7)), PIV(Y A+
7570, Velocity profile(Zr =+ 3E), Intake valve angle(-& 712 B2} =), Momentum(#-5 ), Eccentricity(*H4])

Nomenclature N, :non-dimensional rig swirl
B . eylinder bore, m n : number of intake valve
C;  :flow coefficient £ - swirl ratio
m : mass flow rate through port, kg/sec s + engine stroke
T : moment of momentum flux, N « m
ON : theoretical velocity through port, m/sec
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Uy : tangential velocity, m/sec
v, : axial velocity, m/sec
v, : velocity(cartesian coordinate), m/sec
v, : velocity(cartesian coordinate), m/sec
o : crank angle intake valve opening, rad
Q, : crank angle intake valve closing, rad
0 : density of air, kg/m®
LME
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Table 1 Experimental conditions and specifications of PIV

Common
Valve angle(°) 11, 16,21, 26
Bore(mm) 86
Valve lift ISM | 1~10, Imm increment
(mm) PIV  |2,3,6,8,10

Measuring position

1.75, 3.00, 4.50, 6.00 B

Pressure drop

15" 1,0(383mm1,0)

PIV

Separation 25 psec
Laser F ST
Pulse requency z

Width <100 zm
Sampling 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 <1pm
Particle No. Density 107 particle/cm®

Stokes No. <1
Software TSI Insight

F42 Mo w3k spoto] BAlolry, EaE T
2 2 (4), (5)%F o] A Hrl i or ~UAS
(N,)SF = 8¥l(R)E T3
w.*B+m
N=— IR .ST @
Vg m muvy B
2CfNrdoz
We BS o
S:‘*T mnD? @ 2 (5
‘ [/ Crda
Table 191 A A3k v}9} o] ISMS] A9 WE 7

ZEE Imm ~ 10mm7FA] Imm {2 o2 H3A| A
3L, PIVol A= B 2] E 2 3 6,8, 10mmolA] 2

A,

32T Y A

3.1 ISM &

ISM | 46
=, Fig. 32 54
2 =Y AS(N, Non

3
B

=7t
F%53 7t A3}E Fig. 3, 40l A48}
2] 1.75 ~ 6.00 B2] 2} 914

-dimensional rig swirl) S YEFH

181



Siehyung Cho

0.8
—@— V/A=11,1.75B,ISM
— —A—— V/A=16,1.75B, ISM
0.6| —B— V/A=21,1.75B,1SM
——O-— VI/A=26,1.75B, ISM

(a) 1.75B

0.4

S

/
4

Non-Dim Swirl

0.8

—@— V/A=11,3.00B, ISM
— —A—— V/A=16, 3.00B, ISM
0.6| —B— V/A=21,3.00B, ISM
——O-— VI/A=26, 3.00B, ISM P

(b) 3.00B

0.4

Non-Dim Swirl

0.2

Ei

—@— V/A=11,4.508, ISM
——A—— V/A=16,4.508, ISM
0.6| —B— V/A=21,4.50B,1SM

0.8

(c) 4.50B

.‘_E- ——O-— V/A=26,4.50B, ISM

(7]

E o4

Q

=

(<]

2 r
0.2 y ~
0.8

—@— V/A=11,6.00B, ISM (d) 6.00B
— —A—— V/A=16, 6.00B, ISM
0.6| —B— V/A=21,6.00B, ISM

— <©— - V/A=26, 6.00B, ISM

0.4

Non-Dim Swirl

0.2

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Non-Dim Valve Lift(L/ISD)

0.8

0.6

0.4

Non-Dim Swirl

0.2

0.8

+ Inyong Ohm
0.8
—@— V/A=11,1.75B,ISM (a) V/IA=11
— —A—— V/A=11,3.00B, ISM
0.6| —B— V/A=11,4.508,Ism
,TE. —-O-— V/A=11,6.00B, ISM
17 = —
g s-o
3
o
2z

—@— V/A=16,1.75B,ISM
— —A—— V/A=16, 3.00B, ISM
—8— V/A=16,4.50B, ISM

——O-— V/A=16, 6.008, ISM

0.6

—@— V/A=21,1.75B,ISM
— —A—— V/A=21,3.008, ISM
—8— V/A=21,4.508, ISM

——O-— V/A=21,6.008, ISM

0.4

Non-Dim Swirl

0.2

0.8

o
0

Non-Dim Swirl
o
-

—@— V/A=26, 1.75B,ISM (d) V/IA=26
— —A—— V/A=26, 3.00B, ISM
—8— V/A=26,4.50B, ISM
— —-©— - V/A=26,6.00B, ISM =
4
A/ _S —
-4
-

o
N

A
7 NG

0.00 0.05 0.10 0.15
Non-Dim Valve Lift(L/ISD)

0.20 0.25 0.30

Fig. 3 Non-dimensional rig swirl as a function of non- Fig. 4 Non-dimensional rig swirl as a function of non-

dimensional valve lift according to evaluation position
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