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Macro Spray Characteristics of Pressure-Swirl Nozzle
in Aero-Engine
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Abstract: To clarify the macro spray characteristics of pressure—swirl nozzle in aero—engine, a certain type
of pressure—swirl nozzle was used to simulate the fuel injection process in a high—temperature and high—pressure
constant—volume chamber. Optical diagnostic measurements were conducted through backlight illumination tech-
nology and schlieren imaging technology. Firstly, water was injected into atmosphere to investigate the change of
spray cone angle at different injection pressures. It was found that the nozzle structure has an important influence
on the spray cone angle and the maximum spray cone angle is equal to the angle of the flow—guiding structure at
the nozzle outlet. Secondly, n—decane was used as spray substance to investigate other macroscopic spray charac-
teristics such as breakup length of liquid film at different environmental pressures and temperatures. The results
showed that the pressure—swirl nozzle could not form a clear and stable conical structure when the ambient pres-
sure was greater than 1.75 MPa. It was also found that increased ambient pressure promotes atomization by in-
creasing aerodynamic forces and increased ambient temperature promotes it by decreasing viscous force and sur-

face tension of spray.
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1. Nitrogen cylinder

2. Oil bottle

3. Solenoid valve

4. Pressure-swirl nozzle
5. Electric heating wire
6. Controller

7. Data interactor

8. High speed camera
9. Computer
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Control line

Combustion chamber U
© vm

Fig.1 Experimental system

A R IR SR AR SMD<10pm (19T o 58 M I 3 an
B2 fr7R o IZBEHE A DU A e TRl , 1 b — Bl g
KTV o 5050 FH T = 1 R R i 42 ) IS i R 48
) TF A, e ad 22 RS2 56 % B0, FL R I T R S 0. 1s I8 3t
KRB E .

2 8 2 W A A K 2 5 BOE A B T R
2, B 35 E 1 B B 5 e LN 1A R R T
B E) Sk 0.2, 5 5 B H % i 04 e 0, JE R 3 B 0.1~
0.2s 19 3% S A2 25 Wt I HE R VB 4 AR o

-—

B

Fig. 2 Fluid domain of pressure-swirl nozzle
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Fig. 3 Light path of backlight illumination technology and
schlieren imaging technology
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Fig. 4 Definition of spray cone angle and size calibration
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Fig. 5 Measurement of liquid film break-up length (mm)
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Table 1 Different injection pressures of water spray
experiment (p,,,=0.1MPa, T, =300K, 7, =300K)

Number of

Parameter pi"j(Min)/MPﬁ pinj(MaX)/MPa Ap;,/MPa experiment
X s

Value 0.5 5 0.5 10
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Table 2 Different high ambient pressures of C, H,, spray
experiment (p,,,=SMPa, T, =300K, 7, =300K)

Number of

Parameter p_ (Min)/MPa p, (Max)/MPa Ap, /MPa

env

experiments

Value 0.25 2 0.25 8
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Table 3 Physical properties of n-decane at different
temperatures (p,,,=1.5MPa, P, =5MPa, T, ,=300K)

Surface tension

coefficient/( N/m)

Density/ Kinematic

Temperature/K
emperature (kg/m3) Visc()sity/( m?/s)

300 7354733 1.20722x10°° 0.026158229
440 612.7329  3.71716x1077 0.010815408
590 72.7026 1.69677x1077 0
680 46.2388  2.81251x1077 0
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Fig. 6 Atomization under different injection pressures
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Fig. 7 The trend of spray cone angle with the increasing

injection pressure
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Fig. 8 Atomization under different ambient pressures
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Fig. 10 Tendency of spray cone angle with the increasing

ambient pressure (pinj=5MPa)
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Fig. 11 Trend of spray cone angle difference under

different ambient pressures measured at different positions
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Fig. 15 Schlieren image at different ambient temperatures
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