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Abstract : In this study, the steady flow characteristics of 27 port opening cases in CI engines were evaluated and compared
with existing SI results to determine the macroscopic characteristics and differences between two engines. For this purpose,
the swirl ratios were evaluated from 1.75 B to 6.00 B, using an impulse swirl meter and a particle image velocimetry. Then,
the average of these values was calculated for each port and evaluation method so that changes in value can be analyzed,
depending on the measurement location. Through this approach, the following results were obtained. Overall, the flow
characteristics of the CI indicated less changes and remained consistent than SI, regardless of measurement location and
method. Opening both ports simultaneously is very similar to the case of opening the tangential port. In the ISM evaluation,
swirl decreased toward the downstream for both CI and SI, and the decrease was greatest in the case of the opened helical
port. In the PIV evaluation, the swirl of the CI decreased as it went downstream, but SI exhibited different characteristics,
depending on the shape of the combustion chamber. Additionally, in the PIV evaluation, if the axial velocity is assumed to be
proportional to the planar velocity, swirl was at its highest. In the CI, the value was closest to the ISM evaluation, whereas, in
SI, it varied, depending on the shape of the combustion chamber and the port. When the PIV evaluation was at its highest in
CI, TVO closely matched ISM, starting at 3.00 B, FVO was always lower than ISM, and BVO matched well with ISM across
the entire plane. Lastly, in the case of a pent roof combustion chamber in S, the relative swirl ratio increased significantly as
it went downstream. However, when a semi-wedge combustion chamber was adopted, the change in relative swirl ratio
according to the measurement position was like that of CI.
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29 24 71), PIV(Y A8 472 7]), Tangential port(’d 41 @ EE), Filling port(3 % EE)

Nomenclature 1 . .
N, : Non-dimensional rig swirl

B : bore, m R, : swirl ratio
G : cylinder center r : distance from center to element area
Cf : mean flow rate coefficient S : stroke, m
m : mass flow rate through port, kg/s T : torque(moment of momentum flux), N - m
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Q : volumetric flow rate, m’/s
v : swirl center
v : velocity, m/sec
Uy : theoretical velocity across port, m/sec
v : average planar velocity, m/sec
oy : crank angle of intake valve opening, rad
oy : crank angle of intake valve closing, rad
p : density of air, kg/m’
w, : angula swirl velocity at induction end, rad/sec
w, : angula crank velocity, rad/sec
Subscripts
6 : constant axial velocity
i : element area
ISM : based on ISM
PIV : based on PIV
A : variable axial velocity(proportional to planar
velocity)
T,y 2 : , v, z direction in cartesian coordinate
6 : § direction in cylindrical coordinate
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Table 1 Port composition and cylinder specification

Port Shape Bore Stroke
Tangential Filling (mm)
PO1 Straight Helical 76.0 825
P02 Straight Helical 86.0 94.0
P03 Straight Helical 81.0 95.5
P04  Semi-Helical  Semi-Helical 81.0 95.5
P05 Straight Semi-Helical 80.0 TS
P06 Straight Semi-Helical 772 84.5
P07 Straight Helical 854 96.0
P08 Helical Helical 77.0 85.8
P09 Straight Helical 83.0 923
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Fig. 1 Port shapes of 9 commercial ports

Table 19]13= 21eF3] 1 542 A2 &3

A A=) o] /NFEE Fig. 20 JeERI =T, o] d A
el A 9} vlzk7FA] & ISM(G. CussonA} P7,300/200)
< 5430 ISM SAHXQ 175 BEIE shdoA B
o19] 1754 3H7)E E &3t 3.00, 4.50, 6.00 Bel| 3}
3t T HAXelA PIV SA S WSt 248 =
A3} 7] PIV A 2281 9] AFEL- Table 2] VRl =d
21942 ¥ 3ol W B 2 X E W (1 mm 3H2)S ISMT}
PIV B F-dsich 2HARE ] e] A} A
ol =X 7] Wil AFsta 2 4
3} A} 7 A 5}7) 2 g}

AAE W 752 F4(Momentum flux)2] FHE =
& =H(Torque, moment of momentum flux)+=

S

ISMQ] A9 Fuak 571 dAsvha 7Hgsigle s
2o AT EAE

- vy(r,0) - r’drdd 6))

»v,(r,0)

Table 2 Experimental conditions and specifications of PIV

Separation 25 psec
;’uafz Frequency 5Hz
Width <100 pm
Sampling raw data No. 200
Pressure drop 15" FL,O(383 mmH,0)
CCD camera KODAK Megaplus ES 1.0
Lens 85 mm PC-E Micro Nikkor
Processing 50 % Overlap,16 %16 pixel
Atomizer TSI_SIX-JET 9306
Size <1 pm
Particle No. density 10’ particle/em’
Stokes No. <1
Software TSI Insight
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Fig. 2 Schematics of (a) steady flow bench and (b) PIV system
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Table 3 Momentum according to evaluation method

Method Center Axial velocity assumption
Cc Constant (v, ; = v, = Q/ A)
———————  Cylinder =
Ca v, =, * (v/v)
Ve Constant
Swirl =
Vi Uy =0, (vi/fv)

O S HAFEE o] ZAR =93= AL 4
s}starzt gt ol-22] FY #X|olA ISM} PIV H 7}t
ko] gl vie] ¥alE sk Zlol ¢ FES W
Hol 712 ARE 4L 5 Adha wgE Tt o]
wre} ISM H71diY] PIV 37} k2] ¥ & of-&-3) o] 7
S, o] Ad] 29 ¥ & vlg o= By 9 $ix|e]
2 Mgl =957 2 g}

RSHV
RSR&.I&MW e RS‘KSR{ (6)

3. @3 9 3

3.1 &3 Yoo E 1SM ¥t A9 H|

Fig. 30l ¥ 7te] 7]F0] Hi= ISM 2] o2 715k
24 ¥)o] ZA 94X w2 W3E JeRfAh 29
A SI A S (Pent roof) 2= B F AMHY XS T3 vt
#]7](Semi-wedge) H 2> 2 AP} S 25 A st
3 itk 29 ¥ B+ AdG U] A4S 5L 9A
AF g ulel o] X E 9 AA4 P4 WMEZEE Fof u}
g 34 GEtAA, AA NE FEES ¥E C1e 3§
0.5 ~4.2 718] 31 812} 739319 2.5 ~ 9.0 Alo] o] = E )

T} o)lE N XEL BEAS dYo] =95h= A
< E 479 FFo] ojlm=E, OPAME XE YA,
N E A D ArA At wet o] & Wskal Hatst
o Helitk & C19 A9 Ad EE PHKTVO,
Tangential port open), =4 ¥ E 7JHKFVO, Filling port
open), = ¥ E A 7IHHBVO, Both port open)el] thaf 2}
Ho A o7 1] S1¢] - XE P4 D A4 §
Aol el 2 ~47)2) 8 X E Ak Hitd} 1.75B
A gke) v & A8

ISM 71 zke] SAS Ao 2 HalE dAHo=
A EH, o] AFoAE #EEHAR A A7
SHFE AE adhet), ol e A s uEl o
A vlRL ¥3sle] ZF 4] wAEly] Wi )P F
Aol B3t {5 Al olal 53] 4FLTF ISM
Z4 gho] o 7}= 7] wjF-0] 7] = B}} 410 o] wj



Flow Characteristics of Cl Engine in Steady Flow Bench(1) - Comparison with SI Port

E g dAAA 34 T w1 Ao g2 3A 2}l 7t
Yal, 29 87 45 52 A3sH 2 g0 2
. o] 24 o] ZEF 1 v W vlEo] F71s]
<l Ao 2 gkt 1.75 B thH] 6.00 Boll A 2] AHoh
A 7H3= 20 ~ 40 % 50|t}

A Fig. 3(a)° =AIE C19] 255 29, diA 2 U
A8 FAXE NHFEVO)o] HAF HATE A
(TVO)E T} =& 249 H|& 71X 1 g} 28y &4 $
2|7} sHF o] F8H A FVOE £7](3.00 B)ell TVOXR.
o} I A 748k o) F 6.00 BHFH QI 4% TVORTH
At}

T XE FA /IBBVO0,)elA A gk TVOS} ui$-
frAEE g Bol it QAL HH W0 i hhe o
o] F 7Z-¢} v| w3 uf}$- A1 53] sl A a7t
A FeS g5 Uk

BVO<] ole] g 54§ A8 o5 2ok

o] AFTHLD A BglRe] 29L& T2 AU Y
2] 5o o8] AulE) AAE F EEE FA]
ol AFE-EHH f-59 A3 Mol o8] E £EC] EA
o] @o] FMFHA g ¥E #lx] L A SAAN F2
HEL e F58 Fusls FA X5 34 ¥ER
ok AA A QA 2ge] o 23 A el FFE FU7]9
BVO2} TVOS| 24 H|7} v-§- 24 4k& Bojstn
FotEc)

FHH A T E) v)F] FijH ez AUd F4HE
2 A5E Al FAl 28 Al A A X
Ed] o8, §An T4 Ale] FUHEELS ZE2E A5 E
= X E ARG HT A AR oo W HAH ®
Eo o8] ¥ 2HE s 2E §5L 52 g2 v}
Z 5o FSEAT 5 i FoF vuF 23
T4 T8 50l o8] #E3] Btk FAlo #HH
3} FH Ale]e] FIHHE A5 E FA XERTY 8}
w] 5o, ¥ 24 2] f-5oll v]s] 29l v A= F&FS
A gk 4A F7 249 F7Hl 7144817] "F-o|d}.

S1¢] 7-9-(Fig. 3(b)), ZE R 44 gAo] =5 =4
Hlo] &g F3 ek 7| YAag L 7|83 o= 5
L 2¥98 FEEE == Ay, FI AAY
FEXME g 7] F& A A9 AT FE AY
g AR 249 ¥)7} vl$- 57 Yebdo) 0 #7] §
3} A FellA] o2’ Z Zpo| 7} Ye AL the-3 2]
A% 4 i

F4aFo) AH AUHE sk cig) g siE
A4l gjie] F= So AL, FH T Y
= & dAHE ARt AUHE JYFEE o]
o) Ay Y -5 IS Frh T3 iy S0

45
(a) R, of ¢l Port o
40 L9 " Shove|t-10
cTvo m
3.5 H - oFvo ]
—/ \ < i
1.00 g
g
0.90 7
;-E
0.80 é
0.5 -
0.0 do_70

Pent Roof
= = SI_SemiWedge Helical kb} R, of Sl Pord]
51_Semi=Wadge Straight] e
5|_Pent Roof E
= S|_Semi-Wedge Helical -+ -
Semi-Wedge Strai E

o
@
(-]

3

(Ry_x.xxB)/ (R,_1.75B)

=
ha
o

1.50 3.00 4.50 6.00
Measuring Plane(x B)
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by ISM when (a) CI and (b) SI port
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Flow Characteristics of Cl Engine in Steady Flow Bench(1) - Comparison with SI Port
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