k7| Alstsl =4 B, #22# A9%, pp. 1307~1316, 1998 1307

(1998%1 29 16 A4
Analysis of Turbulence Scales and Energy Spectrum for Engine Flows
Kern-Yong Kang, Jin-Wook Lee and Seung-Chul Park
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Abstract

Engine turbulences obtained by LDV measurement near the compression TDC was analyzed by
the classic turbulence theory. Turbulences were quantified by a cycle resolved analysis and
processed to reveal integral time scale and length scale. Three different definitions were applied
to ob:ain the turbulence time scales and then compared each others. The classic turbulence theory
with the several assumptions for engine application proven to be very efficient for understanding
engine turbulence in this study. It was found that the integral length scale is strongly affected and
increased by tumble flow.
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Table 1 Correlation of three different integral time scales.
Flow type| CONVENT TUMBLE | CONVENT TUMBLE CONVENT TUMBLE
PORT PORT PORT PORT PORT PORT
1000 rpm 1000 rpm 1000 rpm 1000 rpm 500 rpm 500 rpm
Definitions center center =9 mm y=9 mm center center
1/e Decay 0.20 ms 0.20 ms 0.20 ms 0.25 ms 0.48 ms 0.52 ms
(L) (1.2 deg) (1.2 deg) (1.2 deg) (1.5 deg) (1.4 deg) (1.6 deg)
Dip Poing 0.65 ms 0.75 ms 0.60 ms 0.80 ms 0.40 ms 1.20 ms
(Lex) (3.9 deg) (4.5 deg) (3.6 deg) (4. 8 deg) (4.2 deg) (3.6 deg)
Env. 1/e 1.95 ms 1.80 ms 1.80 ms 2.50 ms 4.0 ms 3.30 ms
(Les) (11.7 deg) (10.8 deg) (10.8 deg) (15.0 deg) (12.0 deg) (11.4 deg)
Leo/La 3.3 3.7 3.0 3.2 2.9 2.3
Les/La 9.7 9.0 9.0 10.0 8.3 7.3
2.0 2.0
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Fig. 6 Variation of three different turbulence integral length scales (1000 rpm).
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Table 2 Engine turbulence characteristics in various conditions.

Flow type CONVENT | TUMBLE |CONVENT | TUMBLE |CONVENT | TUMBLE
PORT PORT PORT PORT PORT PORT
Definiti 1000 rpm 1000 rpm 1000 rpm 1000 rpm 1000 rpm 1000 rpm
efinitions center center »=9 mm r=9 mm center center
u’ (m/s) 0.20 0.50 0.28 0.50 0.11 0.25
1/e
Decay Ly {mm) 0.05 0.15 0.05 0.15 0.08 0.13
Re, 4 30 5 30 4 13
u' (m/s) 0.20 0.50 0.28 (.50 011 0.25
Dip
Point Lx(mm) 0.16 0.36 0.17 0.37 0.16 0.35
Re, 13 72 19 74 19 35
u’ (m/s) 0.20 0.50 0.28 0.50 0.11 0.25
I;/“ev L(mm) 0.40 0.80 0.50 0.20 0.58 0.95
Re, 32 160 56 241 27 95
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Fig. 7 Turbulence energy spectrum variations.
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