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Design and Experiment of Static Mixer for Direct Injection Inline Mixing System

CHEN Yu CHEN Yuxiang GUO Peijie ZHANG Shuo JIN Hongling CHEN Jun
( College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; In-line pesticide mixing technology offers an effective solution to challenges such as health
threats to operators, environmental pollution, and the wastage of pesticide solutions associated with
traditional premix methods. Focusing on the design of a static mixer intended for use in an in-line
pesticide mixing system, to verify optimal performance, the mixing characteristics of the in-line flow field
were investigated through computational fluid dynamics (CFD) simulations. Single-factor test, Plackett —
Burman test, and Box — Behnken center combination test were employed to evaluate the static mixer
pressure drop and mixing uniformity. The impacts of parameters such as tilt spoiler angle, center through-
hole diameter, mixing unit spacing, and flow-through hole diameter on the evaluation indexes were
analyzed by using the response surface method. On this basis, multi-objective optimization, targeting low-
pressure drop and high mixing uniformity was conducted through a genetic algorithm. The optimal
structural parameters were determined as follows: spoiler inclination of 55.38°, mixing unit spacing of
22.64 mm, and pore size of 1.64 mm. Bench tests for pressure drop and mixing uniformity were
conducted under specific conditions; electric control valve opening for liquid pesticide injection at 33% ,
continuous operation of the pesticide pump, and variable working gears for the water pump. The results
indicated an increasing trend in pressure drop within the Reynolds number range of 5 984 ~ 13 286 and
the pressure drop factor was less than 106. 7. The coefficient of variation for mixing uniformity exhibited a
decreasing trend, and it was less than 0. 008 5, indicating the reliable performance of the static mixer.
The research results can provide reference for the development and structure optimization of static mixer in
China.
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Fig. 1  Pipeline diagram of direct injection in-line mixing system
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Fig.2  Structure diagram of static mixer
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Fig.3  Structure diagram of internal mixing unit
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Tab.1 Performance parameters of VP110 — 03 fan nozzle
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Tab.2 Calculation results of related parameters
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SECE R/ (kgom ™) 1 020. 40 1013.05 1009. 41 1 007. 70 1 005. 73 1 004. 67
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Fig.5 Results of single-factor test
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Tab.3 Significance analysis of influence of various

factors on pressure drop of static mixer

SN 77 Al B F P

X, 9.707 x 107 1 51.58 0. 000 2
X, 9.804x10° 1 0.5210 0.493 8
X 1.337 x 10° 1 0.7106 0.427 1
Xy 2,055 x107 1 10. 92 0.0130
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Tab.4 Significance analysis of influence of various factors

on variation coefficient of mixed liquid concentration
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X, 0 1 8.38 0.0232
X, 0 1 2.75 0.1413
X, 0 1 7.64 0.027 9
X, 0 1 5.11 0.058 3
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Tab.5 Coding of test factors
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WD AR ARUA . IR HITRIEE, s R/NLFLR/
) mm mm
-1 30 10.0 1.0
0 55 16.5 1.5
1 80 23.0 2.0
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Tab.6 Test scheme and results

e [H %% WSIRAA ARSI
A B C JEF%/Pa AR RR

1 -1 -1 0 563 0. 005 27
2 1 -1 0 5145 0.003 18
3 -1 1 0 579 0. 006 76
4 1 1 0 5819 0.004 83
5 -1 0 -1 609 0. 006 03
6 1 0 -1 7532 0.001 08
7 -1 0 1 392 0.009 52
8 1 0 1 3185 0.007 41
9 0 -1 -1 2493 0. 007 69
10 0 1 -1 2903 0. 004 03
11 0 -1 1 2107 0.004 61
12 0 1 1 2080 0.003 58
13 0 0 0 2553 0.003 16
14 0 0 0 2548 0. 003 05
15 0 0 0 2561 0.002 98
16 0 0 0 2549 0. 003 04
17 0 0 0 2564 0. 003 06

Wl 7 A8, O B 2% 00 N 3 e 38 B AR R kAT 8
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Y =2 555 +24294 +95. 75B —302.25C + 164. 5AB -
1 032. 5AC - 109. 25BC +502. 624> -31. 13B* -
128.12C* +76. 754’ B —838. 75A°C +26. 5AB’
(5)
C,=0.0031-0.001 84 —0.001 2B —0.0009C +
0.000 7AC +0.000 7BC +0.001 54% +0. 000 5B* +
0.001 5C* +0.002 04°B +
0.003 34°C +0. 000 848’ (6)
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Tab.7 Variance analysis of pressure drop of mixer
B3/ TR AHE r F P
Bl 5,897 x1077 12 4.915x10°° 95428.39  <0.000 1
A 2.360 x 10 7’ 1 2.360 x10 =7 4.583 x10 > <0.000 1

B 36 672. 25 1 36 672.25 712. 08 <0.000 1
c 3.654x107° 1 3.654x10°° 7095.54  <0.000 1
AB 1.082x107° 1 1.082x10°°> 2101.77 <0.000 1
AC  4.264x107°% 1 4.264x10°° 82800.49 <0.000 1
BC 47 742. 25 1 47 742.25 927.03 <0.0001
A? 1.064 x10°% 1 1.064 x10°° 20654.63 <0.000 1
B? 4079.01 1 4079.01 79. 20 0.0009

c? 69 120. 07 1 69 120. 07 1342.14  <0.000 1
A’B 11781.13 1 11781.13 228.76 0.000 1

A*C  1.407x10°% 1 1.407 x10°° 27320.45 <0.0001
AB? 1 404. 50 1 1 404. 50 27.27 0. 006 4

PR 206. 00 4 51.50

B 5.897x10°7 16

x8 BABTERABAENN
Tab.8 Analysis of variance of uniformity coefficient

of variation

KR FHM A ¥y F P
Ay 0. 000 1 12 6.374x10°° 1468.58 <0.000 1
A 0 1 0 2869.28 <0.000 1
5.519x10°° 1 5.519x10°°% 1271.69 <0.000 1
% 3.134x10°° 1 3.134x10°° 722.17  <0.0001
AB 6.193x107° 1 6.193x107°  1.43 0.298 2
AC 2.015x107% 1 2.015x10°° 464.28  <0.000 1
BC 1.731x107° 1 1.731x10°° 398.76  <0.000 1
A? 9.352x10°° 1 9.352x10°° 2154.84 <0.0001
B*  9.025x1077 1 9.025x10°7 207.96  0.000 1
C* 8.965x107° 1 8.965x10°¢ 2065.75 <0.000 1
A’B 7.686x10°°% 1 7.686x10°° 1770.95 <0.000 1
A%C 0 1 0 5143.60 <0.000 1
J155 %107 1 1.155x10°%  266.18  <0.000 1
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Fig.6 Response surface and contour diagrams of spoiler

angle and mixing unit spacing concerning pressure drop
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Fig.7 Response surface and contour diagrams of spoiler

angle and orifice aperture concerning pressure drop
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Fig. 8 Response surface and contour diagrams of

spoiler tilt angle and mixing unit spacing to variation

coefficient of mixed liquid concentration
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spoiler angle and orifice aperture to variation

coefficient of mixed liquid concentration
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Fig. 13  Test bench of direct injection in-line mixing system
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Tab.9 Range of online drug mixing system corresponds

to Reynolds number

KEPML Wik (Leomin™')  WH/(mes™") R
1 3.70 0. 196 5984
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3 7.20 0. 382 8521
4 8.35 0. 443 9 896
5 9.38 0. 498 11101
6 10.30 0. 546 12117
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Fig. 14 Static mixer pressure drop results
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Tab.10 Static mixer pressure drop data

CRE Y ERE/MPa R /NRZE/MPa I KiR22/MPa %5 45 K/ MPa J Bk L JERE IR 22 IR R R i 2 B IR
5984 0.003 32 0. 000 453 0. 000 737 4.267 x107° 77.796 9.028 10. 24
7395 0. 003 60 0. 000 397 0. 000 533 4.795 x10~° 75.068 8.278 10. 69
8521 0. 004 05 0. 000 557 0. 000 343 5.097 x10 73 79. 451 10. 220 6.729
9 896 0. 004 62 0. 000 147 0. 000 083 5.764 x10 73 80. 140 2.550 1.439
11101 0. 00591 0.000 113 0.000 117 6.347 x10 73 93. 105 1.780 1.843
12 117 0.007 43 0.000 717 0. 000 493 7.689 x10 73 96. 630 9.325 6.412
13 286 0. 009 01 0. 001 080 0. 000 850 8.435 x 10 3 106. 700 10. 620 9. 781
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Fig. 15 Results of mixing ratio of spray nozzle to liquid under different Reynolds number conditions
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Fig. 16 Results of variation coefficient of concentration
uniformity of mixed liquid under different Reynolds

number conditions
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