Tre Harris Science Review oF DosHisHA UNIVERSITY, VoL. 62, No. 2 July 2021

Effect of Turbulence inside Nozzle on the Breakup Process
of Diesel Spray
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In this paper, the effect of the turbulence inside the nozzle and the effect of the turbulence on the spray breakup process are

investigated. Diesel spray characteristics (spray angle, spray penetration, mean droplet diameter, etc.) are greatly affected by the

turbulence inside the nozzle and the interaction with the gas-liquid interface of the spray. Therefore, the influence of the turbulence

inside the nozzle was investigated using the Huh-Gosman model, which is a breakup model that takes into account the turbulence

inside the nozzle. First, the flow discharge coefficient is calculated from the measured injection rate, and then the turbulent kinetic

energy and turbulent dissipation rate of the liquid flow inside the nozzle are obtained. Since the spray jet dispersion at the nozzle outlet

during injection is related to the length scale of atomization and the time scale of atomization, the calculated constants can be estimated

from the measured spray angle. The droplet diameter decrease rate is calculated using the estimated calculation constants. The results

show that the strong turbulence in the nozzle sack at the initial stage of injection enhances the spray atomization.
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2.1 ERAEBIUEREH

FERGF % Table 1ITRT. 3K X UZi3HME
fLEZMEL 2 FEED 2 V& Tz, HRELL S, v
IXAEAG 0 B, SMEFL ) A VITNEFLEL S, Axf T7.5 JE
THY, M AL HEAA0.125 mm, 1/d=6.4 T
b D, EHFEE UL T D720, BiTBEDEIRE 21772
ST, HIRITIZA X NNT A KT 7 (250 WX2) %
AW, A AE—RET 4B AF (Photron FASECAM
SA-Z) IZ TR LT, ERIZERB IR, &
PHAUREE 293K, SRPHSUEEE 16. 4 kg/m’ (FRPHXUET)
1.4 MPa) & L, JREMESTE/)1E 60, 100, 140 MPa
D 3 FfEE Lz, B EHZiZ 2 v~ v N T h v
(nC13) % FVWEEFHIRT 1T 1 L4 7= 0 OMESES 3. 0
mg 725 X ORKE LIz, HIEL S, XV OEERYIX
Z2fH] 53 fERE 37 um/pix, HREZHEHEE 100,000 fps, %
WL AV OMEFE TR REE 20 um/pix, R
W 50,000 fps & L7-.

Table 1. Experimental conditions.

Test fuel nC13

Nozzle holes n-®d [mm]| 1-$0.125 8-90.125
Hole angle a[deg.] 0 77.5
Nozzle configuration //d[-] 6.4

Injection pressure P, [MPa] 60, 100, 140
Injection amount Q... [Mg] 3.0

Ambient gas N2

Ambient pressure P, [MPa] 1.4

Ambient density  p, [kg/m?3] 154

Ambient temperature T, [K] 293
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Fig. 1. Measurement positions of spray angle.
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Fig. 2. Injection rate at different fuel injection pressures
measured by momentum method with single-hole

nozzle.
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Fig. 3. Injection rate at different fuel injection pressures
measured by momentum method with multi-hole

nozzle.
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Fig. 4. Temporal changes of spray angle at 10d from nozzle tip

for single-hole nozzle with different fuel injection

pressures.
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Fig. 6. Temporal changes of spray angle at 50d from nozzle tip

for single-hole nozzle with different fuel injection

pressures.
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Fig. 8. Temporal changes of spray angle at 100d from nozzle
tip for single-hole nozzle with different fuel injection

pressures.
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Fig. 5. Temporal changes of spray angle at 10d from nozzle

tip for multi-hole nozzle with different fuel injection

pressures.
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Fig. 7. Temporal changes of spray angle at 50d from nozzle

tip for multi-hole nozzle with different fuel injection

pressures.
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Fig. 9. Temporal changes of spray angle at 100d from nozzle
tip for multi-hole nozzle with different fuel injection

pressures.
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Fig. 10. Factors affecting spray atomization ”).
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Calculate the discharge coefficient C,
from the injection rate
(Unsteady state + quasi-steady state)

Calculate the average turbulence
inside the nozzle (K,.e, €ave )
(Unsteady state + quasi-steady state)

Calculate the relationship between C; and C,
using the nozzle coefficient and the spray angle
(Quasi-steady state)

Matching C; and C, using the spray angle
(Unsteady state)
1

Calculate the droplet diameter decrease
rate using the obtained C; and C,.
(Unsteady state + quasi-steady state)

Fig. 11. Flowchart for calculating turbulence in nozzle and
droplet diameter decrease rate based on spray

breakup model.
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Fig. 12. Turbulent kinetic energy in single and multi-hole nozzles

with different fuel injection pressures.
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Fig. 13. Turbulence dispersion rate in single and multi-hole

nozzles with different fuel injection pressures.
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Fig. 17. Droplet diameter decrease rate for single-hole nozzle

with different fuel injection pressures.
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