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Abstract: This study focuses on the effects of hole taper coefficients and diesel temperatures on
the in-nozzle flow regimes, and reveals the cavitation inception mechanism. A self-circulating
visualized system for the cavitation and near-field spray patterns was set up with a high-speed
camera and a macro lens for the simplified vertical plain nozzles. The results show that the in-
nozzle diesel flow will change from the single-phase flow to gas-liquid two-phase cavitating flow
including the sheet cavitation, cloud cavitation, string cavitation, air suction and super cavitation
with the increase of injection pressure (from 0.2 to 1.0 MPa). As the inception of cloud
cavitation, string cavitation and air suction heavily depends on the diesel injection pressure and
shows significant transient instability. Compared with cylindrical nozzles, tapered nozzles
strongly suppress the inception and development of various cavitation regimes, and a greater taper

coefficient means stronger suppression. Additionally, improving the diesel temperature (288, 303
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and 323 K) is beneficial to the inception and development of the cavitation regimes. Moreover,

the inner two-phase cavitation flow worsens the fuel jet turbulence and increases the spray cone

angle, eventually promoting the jet atomization.

The study provides a theoretical basis for

revealing the characteristics of cavitation flow patterns and their influence on spray characteris-

tics.

Keywords: cavitation; diesel nozzle; hole taper coefficient; fuel temperature; flow regimes; visu-

alized experiment
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Fig. 1 Schematic of visual system for cavitation and spray
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Fig. 2 The geometry of the simplified tested nozzle
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Table 1 Schemes of the optical experiments
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%% D/mm D,/mm LD ky T/K
1 2.0 2.0 5 0 288
2 2.0 1.9 5 1 288
3 2.0 1.8 5 2 288
4 2.0 1.8 5 2 303
5 2.0 1.8 5 2 323
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Fig. 3 Evolutions of cavitation flow and spray morphology of nozzle with different tapers
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Fig. 4 The cavitation number of various cavitating regimes of

the three tapered orifices
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Fig. 5 Schematic diagram of fuel velocity distribution in

the tapered and cylindrical nozzle

By i 3 AE IR T SR AR E AR T IR R
B A . BT LA B A WEFL A JRE A 38 O L 6 25 5
2.2 AEEEBANBZEHRSMNE

6 25 H T 3 A A [ 2 B SR T AL P S AR i
S BARHE . BELRET BN ST K
Ji o 23 A DX ST FLBE S i EEAL 1T, 6 R G SR
& 2 NS € il 4 3 0 s T HERE S0 S D 001 A
21 1.2 M3 S AL, SRR AN X T 0L T WAL P
AT FFLERTE] £ G GBS ERE f A E
TS MRS M TR A A B R A AR
ABR 18 R

f= %xmo% (3)
Pl __ P2
= %xmo% 4

Ao £ FE 0 P APy BT )R AL
P S A TR A B 1 S I [

40 4500
AL, k0
35+ gL, k=1
201 L, k=2 7400
AL, k0
25 WL, k=1 1300
- AL, k=2
< 20L 5L k¢ <
s =
150 4200
10
. 100
5| a
0 LA ‘ w s 0
0.5 0.6 0.7 0.8 0.9 1.0 1.1 12

P._/MPa
u

6 ML PR =S 1k 5 L I A AR 2R R L AR X 4 4o
Fig. 6 Proportions and relative growth rates of super cavi-

tation phenomenon in the tapered orifices
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Fig. 9 Evolutions of cavitation inception and development in the nozzle no. 3 at different fuel temperatures
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shedding of the nozzle no. 3
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