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The Effect of Intake Swirl Ratios on Combustion Performance
in a Heavy-Duty LPG Engine
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ABSTRACT

To optimize the intake flow condition in the heavy-duty LPG SI engine, five different swirl ratios of
intake port were investigated experimentally by oil spot method, LDV and single cylinder engine test.
The flow characteristics near the piston surface were observed by oil spot method and magnitudes of
swirl flow were measured quantatively by LDV method in the steady flow rig. The engine performances
of various swirl flow were also tested with the heavy-duty LPG SI single cylinder engine.

In the results, high swirl ratio, above R=2.3, was not suitable to develope a stable flame kernel and
to produce high engine performance. Especially it was more serious under lean burn conditions, since
turbulence intensity was smaller than bulk flow though those are increased together. These results were
also confirmed by LDV measurement and oil spot method. On the contrary, low swirl ratio(R=1.3) is
not good to propagate a flame since the turbulence intensity and bulk flow are vanished during compres-
sion stroke and low swirl ratio has too weak initial energy for stable combustion. Therefore, the opti-
mized swirl ratio for the heavy-duty LPG engine in this work was found around R=2.0.
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Fig. 1 Schematic diagram of steady flow test rig
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S : stroke[mm]

D : bore diameter[mm]

O : volume flow rate[m’/s]

A : area of intake port[m’]

Vo @ maximum velocity through the intake port
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¢ : impulse meter torque[Nm]

m : mass flow rate[kg/s)
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Table 1 Specification of LDV

Laser 5W, Ar-ion laser
Wave length 514.5 nm

Fringe spacing 4.08 ym

Beam separation 39.20 mm
Seeder Si0;

Fig. 2 Schematic diagram of LDV-steady flow rig
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Table 2 Specification of test engine

Bore X Stroke(mm) 130x 140
Displacement(cc) 1,858.17(1 cylinder)
Compression ratio 10

Fuel supply type LPi

oph X,
rﬁ

b o

k)

>~
>
do g
ol
)
T

it '

flo

)

S

ol

ok

2

2o o op

2o i o

N
o

O S

U AR 2

S
o
oP 4
re
i)
I
e ol o e

H
k)
iy

flo N

o i

=i

A
balance)S ©]-§3te] Zg3tdon o]E w7
©19] UEGO(universal exhaust gas oxygen) Al
ol &M HFstArh AadEH Ato]F Wi
R ALEE dolH FH5E A3 S/P(spark
plug)®d A9} AVL 620 Indiset AA3]4]
A& AHgaTE 3 -(knocking) BAE
A3l HEE AAE gFeant. A¥L 1500
rpm Zzdof A ¢FEu] 102 YHEAAES ALE-
stlom, HHste HaAZlg A8 2
H€H] 1.3, 2.0, 2.3, 2.8, 3.49] 57}A] 27| t)F]
A A7 )=10%E 15714 TAHE WA
WA Agstsinh ek IMEP 6baret WOT
9 2742 B2 &%

Ly

oiff iy Y

Fig. 4= A3FE 2PZAAA 5714 F7]



3 o] 3.0l A% = =X 75
HE LPG A &) 2¥9uo) d& AdaATo] #d A7
{ o intector cenvot 105460
NGK spark plug contat
intako pressucd] VEGO Sensor
Gas-air blow off valve jssnsor (Otaasenser Controtier
Prossurs regutator [. ! E?S::f;f:n .
? s J b
Reliet vatvi L retaen ot I I - INDISET
by £ o A BT N p— avi
our |
1
[k B LM
N2 - i -

2
a
O
5%
2

Throtite vaive
Controrier

Pt
W LPGtank '

Fig. 3 Schematic diagram of a test apparatus
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Fig. 4 Flow Coefficient and Non-dimensional rig swirl
at the steady flow rig test
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Fig. 8 Flame development angle(a), rapid burning angle
(b) and overall burning angle(c) under lean burn
conditions with various swirl ratios
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Fig. 9 Fuel conversion efficiency(a) and COV-imep(b)
under lean bumn conditions with various swirl ratios
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