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Abstract: In order to solve the problem of precise control of droplet diameter variables during aviation
spray, the quadratic regression orthogonal experiment and machine learning was used to establish the
quadratic residual compensation droplet diameter model. With Aerial — E electricity atomizer as the
control object, the quadratic regression orthogonal experiment was carried out on the atomization
experiment platform to analyze the correlation between the droplet diameter and the wind speed, flow
rate, atomizer speed, and droplet diameter model was established. In order to improve the prediction
accuracy, a compensation factor was added to establish the first optimized droplet diameter compensation
model. To further improve the prediction accuracy, the second residual prediction model was established
by machine learning, the second residual prediction model and the first optimized droplet diameter
compensation model were superimposed linearly to obtain the quadratic residual compensation droplet
diameter model. In order to verify the validity of the quadratic residual compensation droplet diameter
model, the model validation experiment and the comparative experiment were carried out, the results
showed that the maximum deviation predicted by the quadratic residual compensation droplet diameter
model was 10.78% , the R’ between the predicted and measured values of the quadratic residual
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compensation droplet diameter model was 0. 95, which was 0. 06 higher than that of the droplet diameter

model and 0.05 higher than that of the first optimized droplet diameter compensation model. The

quadratic residual compensation atomization model of electricity atomizer was obtained by equivalent

deformation of the quadratic residual compensation droplet diameter model, and an electricity atomization

system was designed based on the model. A system application experiment was carried out to verify the

practicality of the system, the results showed that the R” between the expected and the measured value of

the droplet diameter was 0. 94, and the relative span of droplet was less than 1. 6, which could realize the

control of the droplet diameter under the condition of stable wind speed and flow rate. The results can

realize precise control of droplet diameter variables during aviation spray.

Key words: aviation spray; electricity atomizer; droplet diameter model; residual compensation;

quadratic regression orthogonal experiment; machine learning
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Fig. 1  Atomization experiment platform
LIRS 2255 3.KkE 4. KR 5 W& 6. RN
7 TS 8. kA 9 BRI R 10, AL 11 %
B2
LR KRR TS 5 750 W ARAIK
ROED WA ELFRIBCERA A S0 B
32 mm, EHFE 25 m, WL 8 m, I AP 2 m’/h, i
JEYE Il 0 ~ 0.4 MPa, K5 & 0.01 Pa; Ui # i1 1% H]
HSTL — N 848U i1 (b st e 20 R R e
BRSO B4R 10 mm K5 0.5% , TAEHLE
24 V, 52 0.2 ~ 1.2 m’/h; 311 HSTL - 802 %Y



554 3]

BT 45 HLBIFE O — AR 2EAMEE S5 (R R i 57 5 1 21

FEIMEREES (At e 20l BHE R A TR A ) T
VEHE 12 ~36 V, 5182 0 ~ 1 MPa, K5 J%0. 1 MPa; 2546
Ve EIERIKA . AEE LKA I A T, K 3R
PR NGRS E T s e asmi |
FITT I A T P K T, R I s 2K R R g R A 2
% AR 2GR

XU 8 XU TS ] 6. 70 ~98. 00 m/s , i BR BE H AR
300 mm, S EFE MR EUNT 2% X5 B i/
F1.0% ,F¥FAm AN T 0.5% >, T AT

98 1 8 156 FH Skywalker — 40A 7Y 25 45 TG il
Tk HL IR g, HBE TR 24V, 5 55
SEHLION 40 A AR TS HL A AR S S
ZACAR I i

FAb R Aerial — E R EL B4 5 5510 2% (Jb AL
PV B e B ARMEGE L ) |, P9 IR AR B T
TS Ak A SR  HUE i 10 L/ min BV 13,
BiE TAEHLE 24V, 56 3ER] 700 ~8 000 r/min,

AR I A8 R SO R BE A, T AE
JE B2 ) FH O 0 A S0 D B o SRR L i g
SRR AT 58 DB 650 o0 A, 15 8 F kAR
AT oA 5, L e PR R [F Bk I B 35 0.1 ~
3500. 0 wm PRLAR I ], SEBLGE ) AW 55 2 A0
DR, A X 43 A1 B R I o B T R AR 43 AT B B A
LA, R 3 — PR , HO T A 2 2 )

X=—"p—"" (1)

A D, 25 LB AR W NB R 2R
BB E RS T SR 10%
B, % IO 1 25T LA
D, —455 1% Lh ELAR B/ 2R UT R
BURE R S T SR 50%
B, % IO 1 25T LA
D, ,—4=T 55 1% LL ELAR D/ 2 R 2R
BURE R RS T SR 90%
B, X I 1 55 T AR
AR, 2 D, Hly AEZH,
1.2 BHEEZURZIEIT
Pt E L R G R BN 2 fR, FEHITE
BL TPl 85 NG AR IR i (L Bas i AR
P BARAr et BonBie WL 8 | Aerial - E
AU Bl 08 55 A0 A% RN SR A T A AL, Aerial — E
BRI B 8 s Ak Ak IR B B 5 Se g I n 8l 3 o, &
BRI F 08 NEE LRI A B, ek
205 RMUBTFF 32, 25 RE A 53 7KO8S , 58 IR 2
FEE R e AR S I — 2 55 Ak, FRLBLAT Bl NS HT 5 5 S i

By BUBEHE A N RS, 52 IR R B IR ) e A2 S B
TR KW BE AT TE , S8 OB B/ NS Y
AR il = ik, RGBE F KAL), A
RPN 1 51 i 25 T | KU 5 255 A S P
e, il an B e BOE IR 2E 0 0, RIVIR ISR 1 AL
WZ R AR R R S e 2 B e Of:
e 5 A R 1L BT S AL, S LA S Y
55 2 YRak 2 IO ASE B 31 5 5% 22 A [R) oRg ok 22
A A e T AR i 1) S o A, S A R R Bl
B8 — Uk ik 25 A B o AL R T O R R 2 5 AL AR B
BRI P42 5530k 52 BN 25 A A8 e e 42, S B
FEimPRLAS ] 45 I G I B A A A B g S s A B
LM F ST S o . PR ARE PI
P aR S8 bR a R R 1, Horh kS LU B 45
ke AR AR

HARTEiEE
EEEMALSR =
ES

Wb =

TR A
!
Aerial-ERIF )y

VN EN

K—

2 BRI

Fig.2 Schematic of atomization system
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Tab.1 PI controller parameter

FAEREE W n/ (romin ™) k, k;
700 ~4 000 0.2 0.02
4000 ~5 000 0.3 0.03
5000 ~ 6 000 0.4 0.03
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Fig.4 Quadratic residual compensation atomization
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Tab.2 Experiment factor codes

ESES
it A it 245 9 3 ZAb AR
v/ (m-s™") ¢/(L-min~") n/(remin~")
1.353 77.08 10.0 6 000
1 70. 35 9.3 5478
0 51.27 7.5 4000
-1 32.19 5.7 2522
-1.353 25.46 5.0 2 000
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Tab.3 Quadratic regression orthogonal experiment

design and results

R F5 Z Z, 73 RARE d'/ pm
1 1 1 1 116.5
2 1 1 -1 156. 6
3 1 -1 1 96.3
4 1 -1 -1 178. 4
5 -1 1 1 236.9
6 -1 1 -1 428. 1
7 -1 -1 1 309.2
8 -1 -1 -1 500.9
9 1.353 0 0 117.7
10 -1.353 0 0 557.2
11 0 1.353 0 220.5
12 0 -1.353 0 229.3
13 0 0 1.353 203.3
14 0 0 -1.353 279. 8
15 0 0 0 226.7
16 0 0 216.3
17 0 0 213.7
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Tab.4 Results of model validation experiment
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—_ [0 S (2T TY S %\ﬂﬁ?a WL jfy'cﬁﬁﬁ o~y
L v/ q/ Yl n/ ; W d/
pm o
(m+s™") (Lmin™") (r*min"") m

1 33.80 5.0 3000 400.4 418.2 4.45
2 51.54 6.7 4000 225.6 214.1 -5.12

3 60. 63 8.3 5000 166.9  166.9 0
4 70. 35 10.0 4000 153.7 137.5 -10.50
5 51.54 5.0 3000 255.9 228.3 -10.78
6 70. 35 8.3 5000 139.4  147.9 6.07
7 60. 68 10.0 3000 201.2  197.6 -1.81
8 60. 63 10.0 4000 188.9 171.0 -9.49
9 25. 46 5.0 2 000 559.5 586.4  4.81
10  51.54 7.5 2 000 264.0 289.0 9.47
11 51.54 7.5 2500 259.9 258.4 -0.58
12 51.54 7.5 3000 246.0 245.9 -0.04
13 51.54 7.5 3500 241.0 230.7 -4.26
14 51.54 7.5 4000 221.5  214.1 -3.35
15 51.54 7.5 4500 207.1 202.8 -2.06
16  51.54 7.5 5000 189.2  169.3 -10.51
17 51.54 7.5 5500 180.6 171.5 -5.06
18 51.54 7.5 6 000 172.8 168.7 -2.37
19 25.46 5.0 2 000 559.5 586.4 4.8l
20  33.80 5.0 2 000 452.3  457.2 1.47
21 42.62 5.0 2 000 332.7  340.2 1. 08
22 51.54 5.0 2 000 252.1 263.9 2.25
23 60. 68 5.0 2 000 222.6 185.2 4. 69
24 70.35 5.0 2 000 169.4 160.8 -5.08
25 77.08 5.0 2 000 140.4 135.0 -3.85
26  25.46 7.5 4000 350.5 378.2 7.90
27 33.80 7.5 4000 330.2  361.2 9.49
28  42.62 7.5 4000 260.2  283.5 8.90
29 51.54 7.5 4000 214.4 2141 -0.15
30 60.68 7.5 4000 174.5 161.0 -17.76
31 70. 35 7.5 4000 144.4  127.5 -10.70
32 77.08 7.5 4000 134.5  119.3 -10.30
33 51.27 5.0 4000 217.0  220.5 1.61
34 51.27 7.5 4000 220.0 222.7 1.21
35 51.27 10.0 4000 239.2  226.7 -5.22
36 70.35 9.3 5500 139.6  144.0 3.12
37 70. 35 5.7 5500 115.8 114.0 -1.52
38 33.80 9.3 5500 297.9  308.1 3.42
39 33.80 5.7 5500 243.8  260.3 6.75
40  33.80 9.3 2500 502.6  500.6 -0.41
41 33.80 5.7 2 500 425.6  430.5 1.16
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