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Fuel dropsize prediction model on prefilming airblast nozzle at

pressurized operating conditions
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Technology, Shenzhen 518000, China)

Abstract: Due to the scarcity of atomization particle size data under pressurized
operating conditions and the absence of physically-based particle size prediction models, a
study is conducted on the fuel particle size prediction model for prefilming airblast
atomizers under pressurized conditions. Through Design of Experiments (DOE), a laser
particle size analyzer was used to test the atomization particle size data under the
cross-influence of multiple parameters such as air pressure, air temperature, air pressure
drop, fuel temperature, and fuel-to-air ratio. Based on the surface wave instability theory, a
prediction model incorporating non-dimensional parameters such as the Weber number,
Reynolds number, and Ohnesorge number was established. Validation with experimental
data shows that the prediction model has a maximum error of 14.1% and an average error
of 5.2%, with residuals following a normal distribution. Sensitivity analysis demonstrates
that the prediction model accurately captures the influence of non-dimensional parameters
and experimental conditions on particle size.
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Table 1 Operating conditions designed by DOE
No. pJ/MPa T./K Ap/pd TL/K FAR
%
1 0.3 450 4 316 0.04
2 0.3 450 4 346 0.04
3 0.3 450 6 316 0.04
4 0.3 350 4 316 0.04
5 0.3 450 2 316 0.04
6 0.3 550 4 316 0.04
7 0.3 450 4 286 0.04
8 0.3 450 4 316 0.02
9 0.3 450 4 316 0.06
10 0.5 450 4 316 0.04
11 0.1 450 4 316 0.04
12 0.4 490 6 331 0.02
13 0.4 490 6 331 0.06
14 0.2 490 6 331 0.06
15 0.4 410 6 331 0.06
16 0.4 490 2 301 0.02
17 0.4 410 6 301 0.02
18 0.2 410 2 301 0.06
19 0.4 490 2 301 0.06
20 0.2 410 2 301 0.02
21 0.2 410 6 301 0.02
22 0.4 410 2 331 0.06
23 0.4 410 2 301 0.06
24 0.2 490 2 301 0.06
25 0.2 490 6 301 0.06
26 0.4 490 2 331 0.02
27 0.4 410 2 331 0.02
28 0.2 410 6 301 0.06
29 0.4 410 6 301 0.06
30 0.4 410 6 331 0.02

31 0.2 410 6 331 0.02
32 0.4 490 6 301 0.02
33 0.2 490 2 331 0.02
34 0.2 490 6 331 0.02
35 0.2 410 2 331 0.06
36 0.2 490 6 301 0.02
37 0.4 490 6 301 0.06
38 0.2 410 6 331 0.06
39 0.4 490 2 331 0.06
40 0.2 410 2 331 0.02
41 0.2 490 2 301 0.02
42 0.4 410 2 301 0.02
43 0.2 490 2 331 0.06
44 0.1 303 4 316 0.04
45 0.8 550 4 316 0.04
46 0.2 340 4 316 0.04
47 0.45 500 4 316 0.04
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 tanh(x)表示双曲正切函数

mjm
 s为spilt 或者 shatter，意为 破碎

mjm
同上

mjm
参考文献引用错误，已在后面做出改正。文献链接如下：�https://doi.org/10.1088/0957-0233/21/3/039801


O©CoOoO~NOOOTA~,WNPE

goog

Han 8 50 H A 20
Ly oc (2575208 (11)

871
JHEM O <m/2 B, sin@501EFI, cos@
H51/01EMH5%, N Ttk (8) « (D X, 7
DURH I 5 4an T AL 2
sin6~6 (12)
cosb~1/6 (13)
L 1y = pwS,, SN LA SL BRI
AR, A4S

h PgUtdo | o5 05, mUidoN—0.94 0.5 0.25
d_;“(Tl) q (T) d;°Se= (14)

ZE ERIA, e BB RAE T R R O RS

d] *ﬁﬂ
dy « \/E (15)
ks
AT,
Petdo. oc o5 prdoy 094 115025
)P (Tl) 2hd 7 Se
dl x gl ppgu? 1=a (16)
(Tl)“(7l) 2

1

SINCLUF ERENS K

24
We, = %12 (17)
Re, = Pgtado (18)
H
Re, = 2t (19)
I

X (16) WfItdsE (2) , LENS

B DL pR E ) e AT 2 X (200 TR A

BINA g = Rey/Rey, #AVKE q 1EN— TR 194
AR,
d

4 = a(We,)" (Wey) (Rey) (Rez)* (20)

Dombrowski F#fF 7545 4;
d; = 1.88d,(1+ 30n)Y/®  (21)
X OhJ BN A H
Oh = w/(pod))*/? (22)
SMD 55 B B TR B R W 4 R~
d ARERIEMACH, # QD &5h:
SMD = 1.88Dy(1 + 30h)/¢ (23)
Fiphh, TR (200 HTHE:

o= AWey)* (We,)“ (Rey)” (Re;) (24)

X (22) ~ (24) WK RA IR AR T
MRS, o A, B, C, D, E N ERHL
3.2 FUMARERYIEE

Bl 4 DRSS T oL gm 5 AL bR, R T
47 HTH IS ) SMD ##E . E4k F, SMD
IIARAE 6.9~34.2 pm. HRIEITE ) SMD $4E ok
e WAL Rs e /2L A, B, C, D, Eo AL
KHI R T4 (Particle Swarm Optimization,
PSO) HiEBHATRE, PSO ik —FhIt Tt
B REMIR AL, B B S B B 4T ok
FH B BALE . 7 PSO FHikh, WA
TEfR ARG AN A3 2R 23 8] () — R, AR
THEAE H OB R, JRE sl A
Hﬁﬁ%ﬁﬁa O E A, DLEIE R .

35
30
25 -

20

10
0 1
0 S 10 15 20 25 30

Condition Number

Fig. 4 Experimental data of SMD

TR 7A€ RBORMEER IR 2
Fizm, HiE A,B,C, D, E MEUE)E, "L
# LT SMD B F{E . i SMD 508
ANFRIAR P sk AT DAE — 2 T B S0 A %o 16
{E TR Ve RE R>=0.984, T )7 11
2N 5.2% IXPAME S T TR B0k A
AR e At E A B O TRRS 2

Table 2. Coefficients and the variance RZ

SMD Tested / pm

5

40 45

3

Coefficients Value
A 5.6144
B -0.9219
C 0.0315
D -0.2897

http://www.tjjsjpt.com

Page 7 of 12


mjm
原文链接如下：https://doi.org/10.1615/AtomizSpr.v7.i6.70

mjm
参考文献有误，已作出修改。原文链接如下：�https://doi.org/10.1016/0009-2509(63)85005-8

mjm
采用大小写来区分二者的不同，即（21）中的dl与（23）中的Dl因SMD与di呈正相关而并不等价。另外，统一了角标形式。

mjm
为作出区分，（20）式保留小写，（24）式为大写
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Table 3 SMD comparison between experimental values

and predicted values (pm)

No. Test Pre. No. Test Pre.
1 12.87 12.77 25 12.41 12.38
2 11.12 12.07 26 17.84  17.34
3 9.32 8.97 27 17.51 17.76
4 11.80 13.18 28 11.60  12.68
5 22.86 23.35 29 7.67 8.04
6 11.60 12.42 30 6.92 6.82
7 13.42 13.46 31 1030  10.75
8 12.90 11.90 32 7.60 7.03
9 13.35 13.30 33 28.93 2735
10 10.02 9.13 34 10.50  10.50

11 28.43 26.28 35 31.84  31.29

12 7.50 6.66 36 11.08 11.08

13 8.40 7.44 37 8.30 7.85
14 11.73 11.73 38 11.20 12.01
15 6.96 7.62 39 20.55 19.37
16 17.65 18.30 40 2642 28.01
17 7.35 7.20 41 28.86  28.86
18 34.20 33.01 42 18.74  18.74
19 20.90 20.44 43 32.02  30.55
20 30.70 29.55 44 2520  27.59
21 10.07 11.35 45 6.30 6.52
22 17.40 19.84 46 15.40 17.26
23 18.70 20.94 47 10.07 9.64

24 32.55 32.24
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