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Influence of Nozzle Hole Cone Angle on Swirl Chamber
Combustion System in Direct Injection Diesel

Wei Shengli  Wang Zhong Mao Gongping Ni Peiyong
(School of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract

In order to improve the particle spatial distribution, promote the mixing of oil and gas, and enhance
airflow movement in a combustion chamber, a swirl chamber combustion system in direct injection diesel
was investigated. The mixture formation and combustion progress in the combustion chamber were
simulated , including different nozzle hole cone angles with 146°, 150° and 154°. The results showed that
in view of the fuel/air equivalence ratio distribution, the uniformity of mixture on nozzle hole cone angle
of 146°was better than others. The combustion swirl and anti-squish swirl have effect on temperature
distribution in the combustion chamber. NO emission was lowest with nozzle hole cone angle of 154°,
while soot emission was lowest with nozzle hole cone angle of 146°. The emission performance was better
than others with nozzle hole cone angle of 150°.
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Fig.1 Schematic diagram of swirl combustion chamber
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Fig.5 Comparison of spray development and flow field with different nozzle hole cone angles
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Fig.6 Comparison of in-cylinder temperature with different nozzle hole cone angles
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Fig.7 Comparison of emission performance with different nozzle hole cone angles

(a) NO ik

(b) #IAHEK



20 gl L

R IR EI T 3010 x 10 71, BRAE R 0 B A,
KA A 2,78 x 10 75 154° M5 FL 9 #f (19 NO Ji 2 43
B A%, 1,48 x 107", il T 154°m5 4L 3 #f ol oK 5
AU 1S 1 T B 3 fl R X A, M8 25 0 30 09 e 2
TA TG 95 4 % JE 6 10 2 A, T B G X (75 B AT
By o 146°mE LI 8 Z5 TR A B & TH B TR & <
O AR SR ) R 23 B Ak T AU A DR TR B AT
R B, TERRBERI I, 146° 55 £1, e £ 1 ok 4 ot =
SRR T Al 2, 154° 5 £L e £ 4 Tk AP 5 ik 2> K
BAR. T BRI D 146° W5 5L I £ i 55 B L A -
B F3 5™ & R, R AETE MR A, 5 B0 ik
e (LB MR T S 4 5 KB AE R v S 10, A v )
AR YKy :154° 150° 146°,

L 20124
3 it

(1) T WL e A A [F] 5 BOFE R e 2 TN B8 55 7
SRANTR] {5 W5 25 O Ji i R A0 U 37t K A A AR A
MCE AR H A AT R 2R T 146° M AL Je A1 I 9

(2) 7E LR AT, 154° WAL J i1 (19 NO HETi%
AR I, T 146 ° W FL e A1 A B A HE O B A1

(3) FRHE 103 I 1305 5 I X S8R 300 A 498 058 2 TN Tl
JE O3 A A BRI R

(4) £ 30°CA ATDC DAJg, 154°m5 £l M 1Y &=
il DX B A 79 o £ A 0D T 146° 55 154258 £ e
Y e il DXYE BB AR, B A TE B AR

& % x Wt

U BT N RRDLIA be 5 HE A [ M) PG 22 - T 4 3258 R ) it , 2001 :422 ~ 451,

2 BB RSN, ZRIE, . RN R G S EOT S ML B B AU R A BT ST [T ] AL 31,2008 ,26 (6) :505 ~512.
Zhao Changpu, Song Chonglin, Li Xiaojuan, et al. Influence of fuel injection system parameters on combustion and emissions
of a diesel engine [ J]. Transactions of CSICE, 2008,26(6) :505 ~512. (in Chinese)

3 FPUCHE, AR VLA S WSS SR A X Sl L RE R R A B ADL [ ] AR ) 2 4R, 2008 ,29(7) 11239 ~ 1 242,
Shu Gequn, Ma Weiren, Xu Shijie, et al. Simulation of the effect of spray angle on diesel performance[J]. Journal of
Engineering Thermophysics, 2008,29(7) .1 239 ~1242. (in Chinese)

4 [FEHEEM, WS M. B I SR & IR RS BB CFD BFEFE[T]. & FhHL,2007 (1) 119 ~23.

Shi Xiuyong, Li Guoxiang, Hu Yunping. Influence of spray angle on mixture formation and combustion of diesel engine based
on CFD research[ J]. Vehicle Engine,2007(1) :19 ~23. (in Chinese)

5 ¥EAEH. CFD HB) & sh L LA AY BE S50 [ M. Jbat 25 i bk: 2004 : 109 ~ 130.

6 WeiSL, Long W Q, Feng L Y, et al. Study of spray impingement and squish combustion system for diesel engines[ J].
Proc. IMechE, Part D: J. Automobile Engineering, 2010, 224 (1) :117 ~ 124.

T OBMEA S S SLE S BB LI A S LA B R S S SR T S [T ] AP AR ,2008,29(4) -
19 ~22.

Wei Shengli, Du Baoguo, Feng Liyan, et al. Simulation and experimental research of DI. diesel engine swirl chamber
combustion system[ J]. Chinese Internal Combustion Engine Engineering,2008,29(4) :19 ~22. (in Chinese)

8 BUMEA, R ALETK SE. SR RS ATLI I ARG R G SN R SE IR BT AT T ] 1R AR ,2011,39(8) :649 ~652.

Wei Shengli, Wang Zhong, Ni Peiyong, et al. An experimental research on external supercharging in DI. diesel engine with
swirl chamber sombustion system[ J]. Automotive Engineering,2011,39(8) :649 ~652. (in Chinese)

9 FEIERR. ARHLIT SRR BE A [ M ] 2 R R - JRG% B DR & H At ,2005.

10 AVL List Gmbh. AVL FIRE 2008 manual-spray[ M]. Graz, Austria; AVL List Gmbh, 2008.

(L#EE 30 @)

10 EHR. S HLA T 2 iRk 5 25 A e i A2 2 4R B AU WF 8 [ D] P4 42« 7Y 42 523 K % ,2003.

Wang Xibin. Research of multidimensional numerical simulation of spray and combustion process of diesel engine fueled with
different fuels[ D]. Xi’an: Xi’an Jiaotong University, 2003. (in Chinese)

11 Schraml S, Heimgartner C, Fettes C, et al. Investigation of in-cylinder soot formation and oxidation by means of
two-dimensional laser-induced incandescence[ C] // 10th International Symposium on Applications of Laser Techniques to
Fluid Mechanics, 2000.

12 Charles J Mueller, William J Pitz, Lyle M Pickett. Effects of oxygenates on soot processes in DI diesel engines: experimental

and numerical simulations[ C]. SAE Paper 2003 — 01 — 1791, 2003.



