Transactions of KSAE, Vol. 27, No. 5, pp.361-368 (May, 2019)
L))
Check for

updates
= x = =H O
slutMzola X20IA L3t HE RS
Ao
e L EL

Copyright © 2019 KSAE / 162-04
pISSN 1225-6382 / cISSN 2234-0149
DOI http:/dx.doi.org/10.7467/KSAE.2019.27.5.361

MEZA| n-butane2| 914 5

*

A -

of
=

7 |AZ %t}

Combustion and Emission Characteristics of n-butane with
Enhanced Tumble Flow Under Lean Stratified Conditions

Jinyoung Jung -« Sangjae Park + Choongsik Bae’

Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology, Daejeon 34141, Korea
(Received 7 July 2017 / Revised 2 April 2018 / Accepted 8 February 2019)

Abstract : The main purpose of the current research is to evaluate the effects of enhanced tumble flow on combustion and the

emission characteristics in a spray-guided direct injection spark ignition engine fueled with n-butane, which is the main component
of liquefied petroleum gas(LPG) in South Korea. In the engine test, the range of stable operation was slightly reduced with the
application of the enhanced tumble flow, but the coefficient of variance of indicated mean effective pressure(IMEP) was lowered.

IMEP was increased because the enhanced tumble flow can promote the mixture formation process, so that the local rich mixture

region will decrease and the combustion speed will become faster. The emission characteristics of nitrogen oxides(NOx) were

higher while particulate matter was reduced with the enhanced tumble flow. As a representative result from the direct flame

visualization test, both intensity and area of soot incandescence were reduced with the application of enhanced tumble flow, which

explained the reduced particulate matter emission.
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Nomenclature

aBDC : after bottom dead center

aTDC : after top dead center

bBDC : before bottome dead center

bTDC : before top dead center

CA 10 : crank angle at 10 % of total mass fraction burned,
CAD bTDC

CA 50 :crank angle at 50 % of total mass fraction burned,
CAD bTDC

CA 90 :crank angle at 90 % of total mass fraction burned,
CAD bTDC

CAD  :crank angle degree

DISI  :direct injection spark ignition

IMEP :indicated mean effective pressure, MPa

CoV  : coefficient of variation
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Combustion and Emission Characteristics of n-butane with Enhanced Tumble Flow Under Lean Stratified Conditions
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Fig. 6 Individual cycle heat release rate (a) without tumble and (b)
with tumble flow
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Table 4 Standard deviation of CA 10 with or without tumble flow

Injection timing | Ignition timing | Standard deviation of CA 10
[CAD bTDC] [CAD bTDC] Non-tumble Tumble
32 1.63 1.30
44
28 1.36 1.09
26 1.67 1.63
38
22 1.43 1.19
20 1.71 1.56
32
16 1.48 1.28
1.0+
n-butane_11/ Pinj = 20 MPa
Non_tumble case
Injection timing
0.8 m 44 = 38 o 32CADbLTDC
o Tumble case
z Injection timing
L 0.6- o ® 44 = 38 0 32CADbTDC
c
2
g D
E 0.4 -
o
2 -
* 02 - ot
- . -._!-,.
o HJI- i :
0.0 = —_— : .
0 200 400 600 800

NOx emissions [ppm]

Fig. 7 Particulate matter and NOx emissions without tumble(black
point) and with tumble flow(red point)

Minimum indicated specific value conditions
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Fig. 10 Flame visualization images (a) without tumble and (b) with
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