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Methodology to Evaluate Pesticide Inline Mixing Uniformity
inside Pipelines Based on Linear Models
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Abstract; The non-contact evaluation of pesticide inline mixing uniformity based on image processing can
promote the development and performance evaluation of the mixers in direct nozzle injection spraying
systems ( DNIS). In view of the phenomenon that the uniformity results obtained by image processing
cannot be directly matched to the traditionally widely accepted and referenced numerical simulation
results, the linear models to map the image processing results with numerical simulation results was
constructed as inline injecting and mixing viscous water-soluble pesticides and water in a long transparent
detection tube, and tested by a jet mixer in a DNIS. Results showed that differing image methods ( HSM,
OAU, PCA) corresponded to varying optimal linear fitting orders. The optimal order was 4 and the fit
goodness was higher than 0.95 when each single image method of them was applied. When each
combination of two image methods of them and all the three methods were applied, the order for them can
be reduced to 3 and 2, respectively, and the goodness of fit can increase to about 0. 98. Based on the
above image processing methods and linear models, the uniformity performance of the mixer can be
predicted with the error (Mean absolute error, MAE) universally less than 0. 05 as the carrier flow rates
(Q) were in the range of 800 ~2 000 mL/min and the mixing ratios (P) were in the range of 0. 01 ~

YR H I, 2021 —12-23 &1 H I, 2022 03 21

BE4H: ERARBFEATHFIELATE (31901239) LIRS 55452348 HARBHE W98 E 3 B (21KJB460023 ) 54 5% Tl Bl 4 A K
25| AABHIE )34 H (YK20 —01 - 10) VL5 PR A JGRR = ML AR B 00 5 7300 5 (HK21 - 53 —35) FILI A = A 1L
FERHE A BA (R g & MOHR B s BR ) UH (21CXTD - 01)

EE B AR (1993—) , 55, P10, 4, 2N FRMHUMAL S B S b BARBISE , E-mail . 18852089528@ 139. com

BIEEE: WO (1961—) 2, 847, WA I, 2 FAE AU A IR T8 5 575858, E-mail: youlinxu@ njfu. edu. cn



198 | A 1 R A= S ¢

2022 4

0.10. Also, the use of univariate and bivariate linear models reduced the average prediction error by

84.1% and 79.8% , respectively, and reduced the variations in prediction results between different
algorithms by 31. 6% and 78.0% , respectively. The MAE can be limited within 0. 03 when univariate
models based on the PCA algorithm or the OAU algorithm were applied alone for prediction, and their

accuracy was higher than the prediction results of the combinations of different algorithms, indicating the

rationality of uniformity prediction using the linear models based on image processing. Though the MAE
for the bivariate model based on HSM — PCA algorithm combination was only slightly higher than 0. 03, it
may have the advantages of avoiding inaccuracy risks of prediction caused by using a single indicator.

The research established the relationship between image processing and numerical simulation, thus further

improving the feasibility of inline pesticide uniformity assessment inside pipelines based on experiments.

Key words: pesticides inline mixing; image processing; numerical simulation; linear model; mixing
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Fig. 1 Experimental direct nozzle injection system ( DNIS)
LKZR 2.k48 3. 4240 4. piiERIR 5. B ERS
6. et 7. 2548 8. ZHH 9. R HIA 10 BIRRE
WAL 1L REAEL 12 IR 13 800 14 B

R T B ERCR A I — Bt AT E Ak R
R AL — Z5AF T 5B ( 3R 1), LI 2GR S
AN Bl PR A5 G OR A — B HER

®1 BEGRESHRE

Tab.1 Parameter settings for image acquisition

M B/ B
PR LW/ (£-5 ") 200
FEASE e
FEMG RAERE T/ cm 40
EOLIT I /nm 365
FHPLERLEE 4000
AT REEFIE R/ cm 10
LHNSETR T/ (WWem 2) 850

1.2 ETEGLAEMNELZRGH O EHREE

IR

1 T8 T F SR 48 R A AP RS R
BE R AAE FAL G VR % S A7 AR
15 RO 328 T Y\l 4 75, PR AR 4l 0 45 1 (58
PR EAR 10 mm, B BEERE 1.5 mm, B AT A HL
YR, FEWOMTEK) It e Al E A
ARGETR A 29 % T 1. 27, FE T % 5% F 9 4 i, B
DR AL B AL 2 A1 A AR 2R DX A5 LB RS n, R AN
EIRET PG RIF RN S A A J& 3L T ROI
T XI5 BT I JE 1 ¥ ) M vEAly B T 5468
R A8 A B R YN 4TI TE T 28U 1 o, /Y
R4S 1% AN S0 5 T USRI A T 9 3 S e vEA 7= 2R
A S AR R0 T2 R e ARSI A A T AR R
£ I UG I X 3 ROT, 5T ROT HEAT7ELIR
H5IHS T, ROL BN ) RT3 2 1) B A 46 45 1%
P BE S 12,7 mm (3R X, R, AR A R A5OR 4R
A B TR E R 100 4R K, T ROT B A ] R~ KT
I RSP LA 245 8., HF fRUESA ROI N4
TR AN BG5S N R
TR FRAG T 25091 %  ROT 9 J3 1T 1 2 0 130 14
2N A BT e RO o B AR R, R @iz ik
fEJ1,

HRAESCHR[ 7 ] R AR IE RS 6 ROT BT T4
A EE RIS AR IT — R S AR R, SRS S IR Y
5 BARANEI ST IR G Wy AT #4957 e F8 B I3 — 1k 5 TR
kot ) T8 24 7K A8 26 TR A1 B0 0B A5 50(E 05 3, 1
MR GRS 2 U s M I3 — 1Ry 3y
SIPEFE B S B 1 45 R 22 18] ) R AR AR FE X
RN — 25 X6 SE PR TR 24 i 04 241 50 0 a0 A7 1503000
W B b PR AR Q2 BT
1.2.1 FEBRAA

(1) 3T HSM 2 M4

KT HSM H R 207 i o (2) R
JRIEE BT IR T 25, S K BE GO LU BE I UL B

L-1

O'Z(Z) = Z(,) (zi_m)zp(zi) (1)
H L-1
A m= Z{) z,p(z;) (2)
X p(z) 550 KGR

L—— R IR LA
m——G- Y5 IR FE 2
50 IKER

X FIREE R WAL R X, 07 (2) =0; % FIKJE
AR IXEL, o (2) BR ; YRR G A
I, ROL H G 2K BEWs e s e vh HLsp— | (R e 7

z;



200 | A 1 R A= S ¢

2022 4

KA ROIE R4

FTPCA . OAUHI
HSME ZXFROT
R T 430
AR |
vl
s Qs KB s
I 15—k, it
FFPCA OAUM |
HSMEEE X ROT
T b ——
I TR AR
e
VR b P 5 5 fhH
R
RASR A B 5IE
iz

BRIE AR

P2 PGk PR T 2 AR B B df Ak B e P
Fig.2 Image processing and data processing process

based on linear models
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Fig.3  Schematics of long mixing tube in algorithm verification test
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Fig.6 Mapping relationships between image processing and CFD for uniformity evaluation for long mixing tube
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Tab.2 Using univariate linear regression to build relationship between image processing and numerical simulation

N e Mysy Mony My
B LIPS — N o
i 2B R? RMSE WA R R’ RMSE SRSy R RMSE
10 SM) =W, M + W, Wy =053 0.9169  0.0395 Wy =0.4773 0.7590 0.0673 W, =0.6289 0.8661 0.0502
W, =0.443 4 W, =0.5455 W, =0.4329
W, = -0.3459 W, = —0.9962 W, = -0.5735
2/ M) =W, M +W,M+W,  W,=0.9332 0.9378 0.0342 W,=1.5270 0.9617 0.0269 W,=1.2100 0.9213 0.0385
W, =0.3833 W, =0.3328 Wy =0.3153
W, = -1.000 W, = -0.3110 W, = -2.1620
36 SO =W+ WA + Va=l200 ) ans oomrs 270 a0 amss 2P0 ooses 0.8
WM +W, Wy =0.3053 W, =1.3510 Wy = —0.0449
W, =0.4279 W, =0.348 1 W, =0.4148
W, = -2.680 W, =4.2110 W, = -0.3120
. R W, =3.9620 W, = -8.3570 W, = -1.5260
SM) =W, M* + W, +
4B WAL WM AW W;=-1.8370 0.9510 0.0304 W;=44540 09718 0.0231 W;=21710 0.9569 0.0285
3 4 3 W, =0.948 5 W, =0.2603 W, =0.0390
W5 =0.4030 W =0.3990 W5 =0.4110
W, =13.4500 W, =0.4990 W, =21.6800
W, = -34.7300 W, =3.0440 W, = =52.5900
SO =W M+ WM+ W, =31.2400 W, = -7.3820 W, =43.6100
5B WP WM + WM+ W, Wy = ~115900 0.9560 0.0289 W, 241070 0.9510 0.0304 W, = —14.2900 0.9696 0.0240
W =2.2180 W, =0.307 5 W5 =2.2570
W, =0.3737 W, =0.397 6 W, =0.356 1
#3 RAZTENHTEGLESHEGRERNAGERCRHUBEER
Tab.3 Using bivariate linear regression to build relationship between image processing and numerical simulation
m‘(ﬁ'\ *ﬁﬂ%%’; MIISM *n M(ML' MIISM *l] MPCA M(ML' *u MP(‘.A
& RE R? RMSE AR R? RMSE AR R? RMSE
Wy, =0.4355 Wy, =0.4422 Wy, =0.400 4
SO =M, My) =Wy + _ _ _
1 B WM, + W, M, Wy, =0.6816  0.9200 0.0388 Wy, =0.5712  0.9170 0.0395 Wy, =-0.1526 0.8722 0.0491
Wy = —0.083 8 Wy =0.0249 Wy, =0.8096
Wy =0.346 70 Wy =0.3455 Wy, =0.384 4
SM) =f(M, ,My) =Wy + W,y = -0.7654 W, =0.2652 Wy, =3.146 0
L WioM, + Wy, M, + Wy, =2.1660 W, =0.780 6 Wy = -1.7250
2/ WV W, M, M, + Wy =2.2410 0.9773  0.0207 W, =0.8996 0.9455 0.0321 W, 16540 0.9742 0.0221
Wiy M2 W, = -3.2930 W, = -1.4510 W, = -7.6080
Wy, =0.184 1 W, =0.1802 W, =5.0020
W, =0.364 4 Wy, =0.3820 Wy, =0.3663
Wy =-1.4290 Wy = -2.2300 W,y =0.381 9
FON) =fM, My) =W+ Wor =2.6300 Wy, =2.1890 W, =0.8890
WM, + Wy M, + WM + Wy = -1.1950 Wy, =2.7290 Wy = —24.4000
3B Wi MMy + W + Viu=88530 ) o0 0o 0 et oo VTR0 a0 o0mt
. ; Wy, = -8.2650 Wy, = -3.3900 Wy, = =24.7200
Waoi + Woy MiM, + Wy =6.1230 Wy =1.903 0 Wy = —19.1700
Wl M3 + Wy 1 4500 W, = -9.5750 Wy, =92.8500
W, =12.9200 W,, =6.1000 W), = —128.8000
Wy, = —0.6940 Wy, = —0.624 4 Wy, =54.8700
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Fig.7 Bivariate third-order linear model to map relationship between image processing and CFD simulation
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Tab.4 Using ternary linear regression to build relationship between image processing and numerical simulation

M
B [FEIPES
- W& FEL R? RMSE
W, =0.4181 W, =0.5728
1 B S =f(My My My) =Wy + W My + WMy + WM 0.9234  0.0380
W, =-0.1561 W, =0.2080
W, =0.3717 W, =-0.7796
M) =f(M, .M, ,My) =
SOM) =f(M, My ,My) W, =3.1550 W, = -0.9924
2B Wo + WMy + WoMy + WM + Wi, = -2.4950 W =0.6153 0.9816  0.0187
D WuMM, Wy = —5.4980 W, =1.5350

1<) k<3

Wy, =1.8360 W,, =3.1190
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Fig. 8 Relationships between working conditions and

uniformity indices calculated by image processing and

numerical simulations for jet mixer
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Tab.5 Comparison of linear model optimization efficacy
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% % %
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