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Effects of Nozzle Orifice Shape and Nozzle Length-to-Diameter Ratio on
Internal and Extemal Flow Characteristics of Diesel and Biodiesel Fuel
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Abstract

The aim of this study is to investigate the effects of nozzle orifice shapes and the nozzle
length-to-diameter ratio(L/D) on the nozzle cavitation formation inside the orifice and the external flow
pattern. The nozzle used in this work was tested the taper orifice nozzle and the rectangular orifice
nozzle which was made from the transparent acrylic acid resin. For studying the effect of the nozzle
L/D ratio, it was used to three L/D ratios of 3.33, 10, and 20. The cavitation flow of nozzle was
visualized by using the ICCD camera and optical system. This work revealed that the flow rate and
discharge coefficient(Cs) of the taper orifice nozzle was larger than those of the rectangular orifice
nozzle at the same injection pressure. The cavitation flow was observed in the nozzle orifice at the
low injection pressure and the breakup of liquid jet was promoted as the L/D ratio is decreased. The
cavitation of biodiesel fuel was formed at the lower injection pressure than that of diesel fuel because
of higher viscosity and density.
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Fig. 2 Test nozzle and visualization region

Table 1 Specifications of test nozzle

Diameter D(mm) | Length B(mm) | L/D ratio
2.7 9 333
2.7 27 10
27 54 20
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Table 2 Test conditions

Fuel Diesel, Biodiesel
Injection pressure(MPa) 0.1 ~ 0.7
Reynolds number(Re) 7500 ~ 35000
Cavitation number(K) 02 ~ 3.0
Ambient pressure(MPa) 0.1
Ambient temperature(Kelvin) 293

L/D ratio 3.33, 10, 20
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11 + —{— Diesel-rectangular orifice nozzie
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Fig. 3 Flow rate against the injection pressure
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Nozzle type Rectangular Taper
Fuet Diesel Biodiesel Diesel Biodiesel
P(MPa) 0.20 0.23 0.12 0.20

External flow

Q(Umin) 53 4.0 5.6 7.8
K 1.0128 2.0399 0.8655 0.8979
Cqy 1.0015 1.6902 0.9281 1.4739
(a) Beginning of cavitation
Nozzle type Rectangular Taper
Fuel Diesel Biodiesel Diesel Biodiesel
P(MPa) 0.24 0.25 0.22 0.225
Intemal flow
-
Extemal flow
Q(Lfmin) 6.1 59 89 87
K 0.7646 0.7797 0.7591 0.8125
Cy 0.9742 0.9103 1.5353 1.4705
(b) Growth of cavitation
Nozzle type Rectangular Taper
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P(MPa)

Internal flow

External flow

Q(L/min) 54 50 76 8.0
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(c) Hydraulic flip

Fig. 5 Comparison of flow characteristics between
rectangular orifice nozzle and taper orifice

nozzle
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Fuel Diesel Diesel
Type | Beginning | Growih | Hydraulc | Beginning | Growth | Hydrauic
P(MPa)

intemal flow

oumny | 5% | 62 | 55 | 5% | 62 | 55
K | o6 | 07401 | osus | 08m6 | 07401 | o%4es
C, | o861 | 0gsoz | 079m1 | 08861 | 0902 | 07em
(a) L/'D = 10
Fuel Diesel Dieset
Type | Beginning | Growth [ Hyarauiic | Beginning | Growin | Hydraulic
P(MPa) ] 058

Exteal flow ¥4

Q(Umin) 70 93 97 78 102 101

K 0.5806 0.3138 0.3024 0.4646 0.2601 02631
Cqy 0.8722 0.8021 0.8197 08821 0.8798 | 0.8614
(b) LD = 20

Fig. 7 Internal and external flow pattern of diesel
and biodiesel fuels
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