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Tab.1 Physical parameter of experimental fuels

S bant E15 Z BELEih /P
BRE/ (kgem ) 840 725 829 887
EHREE(20C) /(mm? s ) 4.24 0.76 2.8 8.34
T ZE 15 E (38°C ) /kPa 0.27 <T3(H), <86(%) 16 ( Z,1iE) —
FIKF7(20C) /(N-m™) 0.027 8 0.021 6 0.0295 0. 024 6
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Fig.4 Pictures of fuel flow at different time
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Fig.5 Pictures of original bubblein different injector nozzles
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Fig. 6  Pictures of spray construction near orifice
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Fig.7 Pictures of flowfor various fuels
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Fig.8 Pictures of spray near orifice for various fuels
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Fig.9 Comparison of spray angle with various fuels

2.4 AEABBE NS SIEHEE

TE AN TR] 9 W3l T\ AN [+ W% 15 235 44 4 53 L 19 9
G (AT S BT ), S BEAE 2 UIE 3 ) i [a] [i]
(L S N L W S e SR W N i B
RIS . 1B 10 TR O 2 BRI s R L3 Rl
A TR LAR B WAL P9 0 46 I A AR AR 1 IR A 48 3
S o B AT, W0 G ST RS B TR T ek,
FEZ WAL ERE W, 72/ 8L B A2 (0.25 mm)
I, AL JE 0 46 0 7 A 2 L AR B K (0,35 mm
10,5 mm) W, Wi i 05 FL N A7 A 9 06 I, WA
AU YR A TR S B AL AR R T Y
[ B Ut 52 B 2 PO 2 AL 1 Ak A R R
TE Ry Al B AT B OB ) e £L N 1Y 58 %
R

0.50 mm

0.50 mm

10 R FE A RS EER AL P 9D

Fig. 10  Pictures of original bubbles with different situation

(a) Pinj =30 MPa (b) Pinj =50 MPa

N A [R) R 1R 58 L PN S R AL, 28 T £ 5
FEARI G AL WAL A5 A (WL B A2 0.5 mm, W
LK 5 mm) BEAT 1 XF HE ISR . 18] 11 O 4 B AN [
KRR L A 0 R SR AR AR IE 25 o B Rl 2
) 500 5 S 0 R U R IR LB AL 5 T £
-5 VR G SRR AR T, T S WAL A
1 S , T 7E 48 AT 1) AT e, ELIBEFL P U
OPBCER RPN il o S8R A Al fig
SRR FR K T J8 PR O, By /N FR i gk A7 iR
AE WAL AN AR AE T, 5 5 98 B i 5 (H 3%
T 5K 73 SCAS JE A AR AL T B il A 0 B

BLL AN R ORE 0 W8 L A0 e 4 A
Fig. 11
(a) AWr%eh  (b) Seih (o) ZRESEW  (d) ¥l

Pictures of original bubbles with various fuels



28 & A Bl B ¥ i

2014 4

5 HEAIRAL, WL A £ B S€ 3l 90 4 OR TE 25 12 Al
JEPRAE T, DS A 2 i B PR B 2%, L R S&ih
TR RABHIN 6 B VR B2 R 3 T 5K 77 ¥ 25 Bl 2 W 8
FE A5 9 38 g B ARG, i 22— 2 B2 T e ) A 2
TR & T, L, 5 T 28 ki S S B FL A
AR B AR K, B UL T o P B i AL

3 Hig

A A o i 8 5 A MR, BT A T g
FL A T S 3 285 Al A5 0 2 SR P e o ] A N
6 AR B B B R 1, 6 A [R) BB A AL P 3
B SO L P55 I8 2 04T 1 X e BF T il R A5 AR R
JiE

(1) W5 £L A AR 3L 2l D8 0 A G A7 19 25 7R

B, 23 B AT I R 12 3 B B R A R R E 1 R AR
AR, [ BT IR Bz Sl s # AL N B9 IR B H
AR

(2) AEAS RIS 7 7T, 2% Ff ROREAE 158 £L 1A 3
I BB P AR LA 1 23 R B, =3 75 AR 8 I 2
SR J3E B AR TR 1 1) A A T AR A 5 Az Bk JEE s A
ZEE MRS 7 A A I 2 B R B SR, HL R
A B R 3T 7 58 5 HE A o

(3) RALAR B FL 2 K A= W =M 81 3 ) B
G IAEEFL NI R I6 I, WO 46 I i PR BB A
4 THT 5K 7 #9 Di /)N T 38 K o

(4) A S oI AR 3% 1 5K g A0z 3R i
L5, 2 35 R s £ oA A 9t 2l A 3 158 25 TE
A, AL PN 2 O B R T 37 58 55 HE A R

International Journal of

International Journal of Heat

2 % x W

1 Soteriou C, Andrews R, Smith M. Direct injection diesel sprays and the effect of cavitation and hydraulic flip on atomization[ C].
SAE Paper 950080,1995.

2 Chaves H, Knapp M, Kubitzek A, et al. Experimental study of cavitation in the nozzle hole of diesel injectors using transparent
nozzles[ C]. SAE Paper 950290,1995.
FARAME ML B B AL S SR AR BT R 2 AL R s (1] [ Ah A BL A, 1998(8) 123 - 29.

4  Payri I, Bermudez V, Payri R, et al. The influence of cacitation on the internal flow and the spray characteristics in diesel
injection nozzles[ J|. Fuel, 2004 ,83(4 -5) :419 - 431.
5 TEHLITTE. Ak B X Sl B N R P R R [T ] N AR 4, 2007 ,25(6) 1481 - 487.
Wang Xiang, Su Wanhua. The influence of cavitation processes on the internal flow characteristics of diesel injection nozzles[ J].
Transactions of CSICE, 2007,25(6) :481 —487. (in Chinese)

6 Hyun Kyu Suh,Chang Sik Lee. Effect of cavitation in nozzle orifece on the diesel fuel atomization characteristics[ J]. International
Journal of Heat and Fluid Flow,2008 ,29(4) :1001 - 1009.

7 Arcoumanis C, Flora H, Gavaises M, et al. Investigation of cavitation in a vertical multi-hole injector[ C]. SAE Paper 1999 —01 —
0524,1999.

8 Akira Sou, Shigeo Hosokawa, Akio Tomiyama. Effects of cavitation in a nozzle on liquid jet atomization[ J].
Heat and Mass Transfer, 2007 ,50:3575 —3582.

9 Badock C,Wirth R, Fath A et al. Investigation of cavitation in real size diesel injection nozzles[ J].
and Fluid Flow, 1999 ,20(5) :538 - 544.

10 Arcoumanis C, Flora H, Gavaises M. Cavitation in real-size multi-hole diesel injector nozzles[ C]. SAE Paper 2000 —01 — 1249,
2000.

11 Blessing M, Konig G, Kruger C, et al. Analysis of flow and cavitation phenomena in diesel injection nozzles and its effects on
spray and mixture formation[ C]. SAE Paper 2003 —01 — 1358 ,2003.

12 BB, SO X 20, 45 SEa LU 2 e W N 2 R S YA LA AT [T ] MR IL % 4% ,2006,24(6) 1526 - 530.

Wei Mingrui, Wen Hua, Liu Huimeng,et al. Simulation analysis on cavitation flow in a diesel engine nozzle[ J]. Transactions of
CSICE, 2006,24(6) :526 —530. (in Chinese)

13 {585, AR Tk, WM, S B A6 ot L P A 28 AR A Sl BB AU A0 BT [ 7] IR AL 41k ,2004,22(5) :433 - 438.

He Zhixia, Li Detao,Hu Linfeng, et al. Numerical simulation and analysis of two-phase flow of inner cavitation in injection nozzles
[J]. Transactions of CSICE, 2004 ,22(5) :433 —438. (in Chinese)

14 SRR B A0 75 00, 55 WAL U AR R iF Xof 4% AT W% i L 25 X SDIRAS RS2 [T R PIL# 1 ,2012,30(3) :254 - 259.
Lu Guoquan, Yu Gang,He Xiuli, et al. Effect of geometry characteristics on internal cavitation flow of injection nozzle with varying
hole cross-section[ J|. Transactions of CSICE, 2012,30(3) ;254 —259. (in Chineses)

15 A58 M4, £k, 5. Sl HUsEms i 25 i 8l il R4 I S B LT ] Rl LR 2% 4z ,2011,42(11) :6 - 9.

He Zhixia, Bai Jin, Wang Qian,et al. Visualization experiment and numerical simulation for cavitating flow in a diesel injector
nozzle[ J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42(11) :6 =9. (in Chinese)

16

T, PN, HDIR A Sl HLIEL A AT s AR i T AR AL SE SR ST [ ] BRBR AL 2 L R ,2012,18(3) 281 - 287.

Wang Zhongyuan,Sun Jian, Dong Qingbing,et al. Visualization of cavitation in diesel nozzle orifice[ J]. Journal of Combustion



%5 1 FLE S AN [RIORHR IS A AL 3l 5 SR 25 T AL e 29

Science and Technology, 2012,18(3) :281 —287. (in Chinese)

17 WK SR . H T S 8 0 Sl 1 TS BeE LT ] Al 5 R AR <46 1 ,2000,29 (1) 23 - 25.
Dai Yongchuan,Dai Chengyuan. Prediction for the cetane number of diesel fuels from refractive index[ J]. Chemical Engineering
of Oil and Gas,2000,29(1) :23 —=25. (in Chinese)

18 fifop R PRLEARE LM . b st v [ A 4 iR ,2004.

Visualization Experiment of Internal Flow of Nozzle and
Spray Construction for Various Fuels

Jiang Guangjun' Zhang Yusheng' Medhat Elkelawy’ Xiao Gan'
(1. College of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China
2. Faculty of Engineering, Tanta University, Tanta 31111, Egypt )

Abstract; A visualization experimental apparatus with high speed controlled flash photography techniques
was developed to investigate the flow in the hole of diesel injection nozzles and the spray construction near
orifice. The experiments were performed with the transparent actual nozzles for diesel, gasoline, ethanol
diesel fuel and biodiesel. The results indicate that the cavitation films could be observed in the hole for
all fuels. The initial cavitation was appeared earlier and the cavitation intensity was stronger for the fuel
which had lower viscosity and higher saturated vapor pressure. There was larger spray cone angle with
stronger cavitation intensity. After the jet was finished, the gas backflow phenomenon could be observed
in the hole and the initial bubble would be produced. And the initial bubble size could increase with the
reduction of fuel surface tension. The flow status in the pressure chamber and hole was greatly affected by
the movement of needle.

Key words: Injector nozzle Flow Cavitation Spray construction Visualization experiment
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Numerical Simulation for Two-phase Flow of Siphon Outlet in Pumping Station

Wang Xiaoshengl'2 Feng Jian’g{;lng2 Chen Hongxunl Bu Lifeng2 Tan Linlu®
(1. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, China
2. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098, China)

Abstract; In order to understand the characteristic of the gas-liquid two-phase flow in siphon pipe, based
on the homogeneous model in multiphase flow theory of ANSYS CFX software and RNG k-g turbulence
model, the process of gas-liquid flow for a siphon outlet pipe in pumping station was simulated. Results of
simulation showed that the air sacs are easily generated on the shell of siphon pipe when the gas mixed
into the water and it has an extremely adverse influence with the siphon finish. Meanwhile, flow rate of
the incoming flow is the main factor impacting the siphoning time. At last, the relations between the
siphoning time and flow rate for hydraulic driving-gas and mixing gas-water processes, according with the
power function relationship, were given.

Key words: Siphon pipe Gas-liquid two-phase flow Siphoning time Numerical simulation



