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Abstract

. Atomization speed of diesel fuel injected from 8-hole nozzle is faster than that of 7-hole nozzle because the

hole diameter of 8-hole nozzle is smaller than that of 7-hole nozzle. But both insufficient distance between the fuel
sprays and short penetration of injected sprays through 8-hole nozzle hole cause many harmful effects on combustion.
In this study, we installed the 8-hole injectors to diesel 2.0 liter class engine, and optimized in-cylinder swirl and
penetration via selecting and matching proper cylinder head and combustion bowl. Through this process, we found out
the performance and emission potential of 8-hole nozzle installed engine are better than those of 7-hole nozzle installed

one.
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Table 1 Test engine specification

Item Specification
Engine model D-2.0 engine
Cyinder arrangement 4 in-line
Compression ratio 16.3

Valve system 4 valves/cylinder

1.20-1.67

Common rail direct tnjection
(Max. P.=1600bar)

Head swirl ratio

Fuel system
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Fig. 1 Combustion bowl shape
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Table 2 Dipen code calculation result s (1st hardware)

ﬁlfg?l()ll(')par(rjl Swirl Rel. penetration
7hole baseline 3.20 0.87
8hole, Rs1.20 2.34 0.79
8hole, Rs1.45 2,77 0.79
8hole, Rs1.67 3.03 0.78

- Bowl diameter = 53.0mm

o 20 HEENGEE @] B 8hole, Swirl 2.34
E—4
S -aF | NS | N 8nole, Swirl 2.77
&b m 8hole, Swirl 3.03
AT T B Raseline(Thole)
.-8 "3
-10%

Powel(®)  BSECI%) Smoke(Diff )

Fig. 5 Test results of in-bowl swirl sweeps for 1st hardware
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Table 3 Test results of rail pressure sweeps for 1st hardware

7} 2,929} 2.650] 1, &4

Spec. Rail P. Rel.- Power | BSFC' | Smoke’
[bar] penetration
- 1600
7hole |(baseline) 0.87 )
1800 0.89 +2.71% | -0.16% | -10.7%
8hole | 1600 - 0.78
Rsl.67 | 1800 0.80 +4.22% | -2.47% | -13.7%

" Increment/ decrement ratio with respect to baseline test results (%)
- BSFC : Brake specific fuel consumption
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Table 4 Test results of 4000rpm full load for 2nd hardware
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Table 5 Test results of 4000rpm full load from combustion

analyzer
g I:tlgec'tlon Burn rate 10% | Burn rate 50%
pec. ming
BTDC BTDC
(BTDC] { ] { ]

7hole(baseline) Base 2.3 -15.9
8hole(Rs1.45) 0.9 1.4 -15.7
8hole(Rs1.30) -1.0° 1.3 -16.0

spec. | 2P| power’ | BSFC | Smoke' | swirl | R
[bar] penetration

8hole | 1600 |-1.84% }+0.67% |+44.0% | 2.92 0.81

Rs1.45| 1800 |+0.79% | -0.83% |+25.8% | 2.92 0.83

8hole

Rsl 30 1600 | -1.12% |+1.74% | +72.3% | 2.65 0.81

" Increment/ Decrement ratio with respect to baseline test results (%)
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" Relative value with respect to baseline test results
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Table 6 Test results of 4000rpm full load for 3rd hardware

Rail P Swirl/
[bar] " | Power | BSFC | Smoke’ Rel. Spec.
penetration

1600 -0.85 +0.83 -3.1
1800 | +1.45 -0.32 -15.7

2.90/0.87 |Rs. 1.30

" Increment/ decrement ratio with respect to baseline test results (%)

Table 7 Comparison of 4000rpm full load test results for
baseline and 3rd hardware

Intake air| Fuel M.ax' Exhaust gas
Spec. : + | cylinder '
mass | mass + | temperature
pressure
7hole baseline - - - -
BholeRs 1.3 | +1.7% |+0.0% | +0.3% -0.2%

" Increment/ decrement ratio with respect to baseline test results
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Table 8 Comparison of 1000rpm full load test results for
baseline and 3rd hardware(A/F ratio=17.1)

* * | osev Burn rate
Spec. | Torque | BSFC | Smoke duty 10~50%
[deg]
Thole i : - 1 696% | 7.4
baseline
Shole 11 700 | +1.6% | -298% | 90.0% | 7.9
Rs1.30

" Increment/ decrement ratio with respect to baseline test resuits

Table 9 Test results of rail P. sweeps(1000rpm full load)

Rail P. . ' . + | Fuel mass
k

Spec. (bar] Torque | BSFC | Smoke (megstr]
600 - - - 36.6

lfhlo];() 700 | -0.1 02 | 27 36.7

sl.

D=49mm 800 -0.8 +0.4 -37 36.7
900 -1.1 +0.3 -50 36.8

"Increment/ decrement ratio with respect to the results when rail
pressure = 600bar
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Table 10 Comparison of 4000rpm full load test results for
baseline and 4th hardware

Spec. Power |BSFC’ |Smoke’ In-b?Wl Rel.. Rail P.
swirl |penetration| [bar]
1
Thole 4 ) - 1320 | 087 | 1600
baseline
8hole, | -0.53 | -0.04 [ +28.9 0.87 1600
3.07
Rs1.30 [ +1.12 | -1.11 | +11.9 0.89 1800

* Increment/ decrement ratio with respect to baseline test results(%)
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Fig. 6 Test results of rail P. sweeps(4000rpm full load)

Table 11 Comparison of 1000rpm full load test results for
baseline and 4th hardware

AF Burn rate
Spec. | Torque’ | BSFC™ | Smoke’ | (10~50%)
ratio .
[deg]
Thole } i i 175 7.
baseline
8hole
’ 0 -0, +50. 17.5 5
Re1 30 0 0.6 50.8 7 7

" Increment/ decrement ratio with respect to baseline test results(%)
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Table 12 Test results of rail P. sweeps(1000rpm full load)

R[Elzirl]). FE::: ig;rsltarjs Torque’ BSFC" Smoke’
700 37.0 - - -
800 36.9 +0.2 -0.4 -11.2
900 37.0 +0.3 -0.3 -13.6

" Increment/ decrement ratio with respect to the test results when the
rail P.=700(%)
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Table 13 Comparison of part load test results(2000rpm

BMEP 6bar)
Smoke Noise | EGR rate
Spec. BSFC#* |
pec C [FSN] BSNOx [dB] (%]
7hol
e 1.16 i 832 | 332
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8hole 4th | -0.96% | 1.15 | -22.8% | 823 36.8

" Increment/ decrement ratio with respect to baseline data(%)

a)
£
2
4
Mz
-
_(13_15
o
N
_1—!
t
2
Og:l:,"
_01_1_5
s
£
4
Me
Az
ok o

S A o}oq H7HE 235k}

Fig. 70f L}ebdl 213} o] 78 =& A 8- A9 4
I} 8] soot 7)5=oll A NOx+= 2F 9.3% A 7= 3L
<A B8] (liter/100km) = 0.6% A~ 2}3} 5 2]t} 2000rpm
/ BMEP 11bar o] A4S vl 7} vl S8 5] 55319
11, 2000rpm / BMEP 6bar©] 5} & 92 /A= i)
EGR &9°] 2 %, $1H5-3} o]3te] o Sl A]

T Y E Qe ujd HH%% l & =5 %

A Ay iy A7) Wil EGRFEY o] 75
3t NOx7} 7 o2 74 A 0}911:}.

Table 13 A v A v & F TL DA E =
Z A& A EGR&°] U 2 388 Yehl 1 9}
%10”4 ol 8F N E A3l AuYA vHEIt

Z75)0) i Aol the} EGR FYFE 53 5
‘31101 NOx #7to} 7lsstith 58 5/ 44
(2000rpm/BMEP2bar, 1500rpm/4bar, 2000rpm/6bar,
2500rpm/8bar, 2500rpm/14bar) & A A9 H T3
& & NEEAHY 55 T2 Yl ot(7E

-2 :85.58dB, 8& =Z : 85.54dB).

=
T
%

17 E] 7} ghAlE Az
53* o7 HEIAH =9

3
2 FEIA FASAA METLE AL FA
|

o @8ttt
2) AR =HL 7E gn] 9 0.5% HgEH Yol
ARLHES T3R8 =52 L =9
A G-#Fo| 78 w20 8] 3] 1.3% G A3t Q1A ¢
E%

O}t
U
g

% WAL 7E gy 2 He 4D
5%

N
B9
rir
po
lo
it
s
ot
ats

& 5

Sl
o
Ol
%)

3) 8% A€} 4§ NEDC 2 NER F

N
——1—0'
T
&
of
o
S
S
.1L
Z,
-
;x:
N
\D
U.)
2
N
X
"
32
o

ol 0.6% %ﬁ}ﬂaizuﬁ PPN
o2 FAHU, 88 B FohH o2

Bl ‘3-% Anje] F=7F4 Q1 A 7bo] 71s 8t

4) F ALdarEe] =EY A sk wek A4
A 2PeOga A, AHA BT EE TFT TE
o Z FA5l= Ae] FHAo|H, Dipen CodeE 4
23te] A4 BE Qx| gk thEFE Ql 223}
2 o S0] 7}E st

References

1) J. B. Heywood, Internal Combustion Engine
Fundamentals, McGraw-Hill, New York, 1988.

2) H. Hiroyasu and M. Arai, “Structures of Fuel
Sprays in Diesel Engines,” SAE 900475, 1990.

3) C. H. Lee, K. H. Lee and Y. J. Choi, “An
Experimental Study on the Spray Behaviors of
Swirl and Slit Injector to Direct Injection Spark
Injection Engine,” Transactions of KSAE,
Vol.13, No.1, pp.19-27, 2005.

4) S. W. Park, S. H. Bang, K. H. Lee, C. S. Lee
and J. H. Lee “Atomization Characteristics of
Common-Rail Diesel Injector with Multi Hole,”
SAE 011833, 2003.

5) J. Benajes, S. Molina, K. De. Rudder, D.
Maroteaux and H. Ben Hadj Hamouda, “The
Use of Micor-ortfice Nozzles and Swirl in a
Small HSDI Engine Operating at a Late Split-
injection LTC Regime,” 10.1243/09544070
JAUTO383, IMechE, 2006.

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 3, 2008 79



