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Abstract

The spray characteristics of pressure-swirl nozzle used in Stirling engine was studied by way of the
experiment under high ambient pressures (up to 2. 8 MPa). The high-speed video imaging technique,
FAM ( Fraunhofer and Mie) laser drop size analyzer, and PIV ( particle image velocimetry ) test
equipment were used for experimental measurements. Experimental results showed that the spray structure
at higher ambient pressure was more compact. The vortex cloud was found at the leading edge at high
ambient pressure. Spray cone angle was independent of ambient pressure after a value between 1.0 ~
1.5 MPa. The Sauter mean diameter ( SMD) and the drop velocity became larger at high ambient
pressure conditions. Finally, a vortex was found in the center of the spray and this region moved to the
downstream of the spray as the ambient pressure increased.
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Schematic of
pressure-swirl nozzle
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Fig.2 Schematics of the experimental setup
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W M

Wi REERS SHE
¥ (20T)  (200) ' -
N /C /mN-m~' /mg-kg ™!
/kgem ™ /mm?es !
BH 822.9 9.029 128 32.9 <1
F2 KM ITREH
Tab.2 Experimental conditions
it = W3 55 s it T3 555 JE 77
/kg-h~! Ap/MPa /kg-h ™! Ap/MPa
8 1.25 16 4.89
12 2.71 20 7.52

1.4 X508

T I R v AR AR G0 D R B AR R R DA
s 25 HE £ B 52 ), I i AR 4840 45 FASTCAM-ultima
APX 120KC %Y &5 3 £ % L, NIKON 50 mm %5 3k , DA
GK6 B4 pi T VE R G5, 5 AH AL ELACHE o A48 il
AR 1000 Wi/s, &R 43 BEAR D 512 x 1024 056k
FHFAM 3806 B 2 A7 4 00 4 5 55 R 4% 40 A o
FAM WOtRE BE 43 B A 3= 28 i AR g 30O & 59 4% O
HL 0 5% PP 4 2 B, & 4 B BROeE AT DR
Rosin — Rammler J5 3k X} i 48 20 A E 47355, 45 ¢
55 VBT E 25 AR DX T) 1Y) 43 L B 7 B8 Ak 1 2R
- EAR . IR PIV R GE IR 43 A e X s 25
T 52, PIV IR B 45 6145 Dantec 5 REHOG A
IMPERX CCD AH#LF1 TAMRON 45 3k (4t 5% 37 J7 K Hb
BFE A B AE 77 B[] 25 28 1 MicroVec [&14% &b B 45 14
FER I 5 G 0T, B R 40 48 1Y 25 A I (— 4 AR
Xof 53 1] B 2z ] B s R] E) B ) SR 60 ws , 7E /N i
(15 B0 T R 240 pso 11 545 20 09 B SR
Tecplot10 4b 3

2 RBRERKDH

2.1 BEXBZEHEMRLERNRIT

TEARHA b % 75 [k (0. 1 MPa) I & 4 58 2 95 Ji
(2.2 MPa) Z& 1T, A JT Uy 158 55 2 6 55 2 Ji id 72 o
WESE MR T AN AL 3 B s o fEARIAR = IR T B —



XI5 S5 BRBE R T X H ) i AL B W S 25 4 1 1) S T 23

(a)

2ms 4ms 6ms 8ms 10ms 12ms

(b)

Sms 10ms 15ms 20ms 25ms 30ms

2ms 4ms 6ms 8ms 10ms 12ms

(d

0 mm
E20 mm

0 mm
E20mm

14ms 16ms 18ms 20ms

0 mm
E20 mm

35ms 40ms 45ms 50ms 55
EO mm

20 mm

14ms 16ms 18ms 20ms 22ms

L3 ORIl A T e

Fig. 3

(a) Q=8kg/h Ap=1.25MPa p, =0.1 MPa
(¢) Q=8kg/h Ap=1.25MPa p, =2.2 MPa
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Images of the spray development after the start of injection at different injector pressures

(b) Q=20kg/h Ap=7.52 MPa p, =0.1 MPa

(d) Q=8kg/h Ap=7.52 MPa p, =2.2 MPa
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Fig.4 Spray penetration with time at different ambient
pressures (Q =16 kg/h, Ap =4.89 MPa)
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Fig.5 Influence of ambient pressure on spray angle
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Fig.6  Drop size distribution under different nozzle

pressures drop (p, =1.0 MPa)

1.0 MPa) & 60 T , B4 1 19 B AR B 3 3 f2E 10 388 o A
WL S0 s 7 B384 N XA B /N o AE A MR R R, B
TERA TR AW TR 7 T, MR8 28 1 e X R 7 2 EL AR
F9 52 W) 2 AT A 7 T, — i AR 0 A IR R R 1 1
o 75 Ji] R AR 20 B4 3 3l S T ) 0, BT ol 75 158 2%
TR AR 23 1 B S A, A WA R {7
W ELAR IR/ o (R, X PO S 52 B bR A Ik
Th e T BT 55 HE AU/ B2 0 5T S A 1) 0
JINT R 22 18] HLAH B4 S LA e el
Xt $r AR A ST A T R B I S — b
PR R o ff 32 SR AT, AT S A b 58 3 TR A9 T i
XX HAR B R IE

40 ——P,=0.1 MPa
—e— P,=1.0 MPa
g L
g 30 \\
%‘
_{,\‘ 20
o
= L
3 10
0

8 D 6
Fiki/kg -h!

B 7 RR N 5 R AR R T 2 EAR 1

Fig.7 Influence of ambient pressure on the SMD
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Fig.8 Velocity field at different ambient pressures
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