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1. A Tank body; 2. K2 Water bath layer; 3. H 8} 1 Material
outlet; 4. B £ #% Agitator; 5. f£ 2 Insulation layer; 6. HL 4L Motor;
7.9 £ JE K 1 Jacket inlet; 8. g A #§ Electric heater; 9. #E4} 1
Material inlet.
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Fig.1 Structural diagram of piglet milk preparation
tank (A) and test bench (B)
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Fig.2 Simplified model of double-layer paddle agitator
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A TR EE SR i B e B W # Tracer feeding point and concen-
tration monitoring point; B: & & W I s5 Temperature monitoring
points.
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Fig.3 Tracer feeding point and concentration monitoring

point(A) ,temperature monitoring points(B)
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Table 1 Test factors and levels

[F % Factors AT Level
—1 0 1
X, % /(r/min) Rotational speed 30 65 100
X, A1 /mm Interlayer distance 100 175 250
X, 34 2 /() Blade angle 30 60 90
X, BJKMEE /mm Distance from bottom 50 125 200
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Y,=3.57+5.97X, — 0.03X, + 1.5X, —
0.031X, — 0.022X, X, + 2X, X, — 0.022X, X, +
0.019X, X, + 0.037X,X, — 0.002X; X, + 2.89X{ +
0.13X7 — 0.57X% 4 0.082X}

(9)
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Fig.4 Simulation model (A) and meshing (B)
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17.31X7 + 3.42X7 — 1.6X5 — 10.9X}
Y;=9.44 4+ 1.05X, — 0.19X, — 0.22X;, +
0.015X, — 0.036X; X, — 0.028X, X; —
0.025X, X, — 0.1X, X; — 0.19X, X, +
0.00815X, X, — 0.095X7 — 0.21X5 —
0.64X7 — 0.52X7
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Table 2 Experimental design and calculation results of

agitator parameter response surface

[H 2 /KF Factors and levels i 37 46 A7 Response index

i
no- (r;il/in) r)l’(lir/l X/0) r)r();/q Y/wW Y/s ( °C§//:rfin)
1 100 250 60 125 12.939 48.69 10.1550
2 65 175 60 125 3.566 52.12 9.4398
3 100 175 30 125 7.030 26.38 9.940 6
4 100 175 90 125 15.255 47.57 9.642 4
5 30 175 60 50 0.384 53.16 7.796 0
6 30 175 60 200 0.380 127.51 8.015 2
7 65 100 30 125 2.073 38.56 8.8370
8 30 250 60 125 0.375 142.48 8.020 4
9 65 175 60 125 3.566 52.12 9.4398
10 100 175 60 50 12.828 13.96 9.7156
11 65 100 60 200 3.598 44.61 9.088 4
12 65 175 90 50 4.447 34.23 7.792 8
13 65 175 30 50 2.012 14.06 8.352 8
14 65 250 60 200 3.638 85.43 7.798 8
15 30 175 30 125 0.218 80.45 7.6728
16 65 175 60 125 3.566 52.12 9.4398
17 65 250 60 50 3.597 36.86 8.686 0
18 65 100 90 125 4.383 50.02 8.506 8
19 65 175 60 125 3.566 52.12 9.4398
20 65 175 30 200 1.910 49.46 8.764 2
21 65 250 90 125 4.324 93.55 8.158 4
22 65 250 30 125 1.936 50.43 8.892 2
23 100 100 60 125 13.032 23.72 10.329 2
24 100 175 60 200 12.739 43.52 9.8338
25 65 100 60 50 3.706 13.34 9.2128
26 65 175 60 125 3.566 52.12 9.4398
27 65 175 90 200 4.336 72.21 8.236 8
28 30 175 90 125 0.446 141.06 7.488 2
29 30 100 60 125 0.381 74.68 8.0510
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Table 3 Analysis of error in regression model
S g B 0 ok 532 i /0
B3 Factors J’l:\/iljf Coef?ci:fff \{a/ruiance K R *irg:ciii)f
Y, #FEI R Agitation power 4.61 12.23 0.9917 0.983 4 39.279
Y, IR A1} A] Mixing time 57.18 8.75 0.988 1 0.976 1 34.813
Zij’j;sjﬁ?eiijure Hise rete 8.83 3.05 0.947 2 0.894 4 15.225
R4 BHINEWRYEE _RERTESN
Table 4 Quadratic full model variance analysis of mixing power response surface
AR SR IR Kl FI ¥r FfE P
Source of variation Sum of square Degrees of freedom Mean square F value P value
175 Model 533.950 000 14 38.140 000 119.850 000 <2 0.000 1
X, 427.670 000 1 427.670 000 1343.880 000 <20.000 1
X, 0.011 000 1 0.011 000 0.035 000 0.854 9
X; 27.040 000 1 27.040 000 84.970 000 <2 0.000 1
X, 0.012 000 1 0.012 000 0.036 000 0.8514
XX, 0.001 894 1 0.001 894 0.005 953 0.939 6
XX 15.980 000 1 15.980 000 50.210 000 <20.000 1
XX, 0.001 850 1 0.001 850 0.005 813 0.940 3
XX 0.001 521 1 0.001 521 0.004 780 0.9459
XX, 0.005 550 1 0.005 550 0.017 000 0.896 8
XX, 0.000 016 1 0.000 016 0.000 050 0.994 4
X2 54.030 000 1 54.030 000 169.790 000 <20.000 1
X,? 0.110 000 1 0.110 000 0.360 000 0.558 6
X,? 2.100 000 1 2.100 000 6.590 000 0.022 4
X2 0.043 000 1 0.043 000 0.140000 0.717 3
582 Residual 4.460 000 14 0.320 000
JAUT Lack of fit 4.460 000 10 0.450 000
4172 Pure error 0.000 000 4 0.000 000
152 Total error 538.410 000 28

1 Note: P<<0.05, i3 Significant; P<<0.01,#% .3 Extremely significant. T[A] The same as below.
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Table 5 Mixed time response surface quadratic full mod -

el analysis of variance

Table 6 Quadratic full model variance analysis of mean

temperature rise rate response surface

G = A 2 g e A

;z:c;f (d)/? jjlf:? DeElnge?of l\fefl F@ P

variation square freedom square Fvalue P value
HE# Model 28 991.71 14 2070.84  82.750 < 0.0001
X, 12 890.41 1 12890.41 515.090 < 0.000 1
X, 3353.70 1 3353.70  134.010 << 0.000 1
X, 2 386.00 1 2386.00  95.340 < 0.000 1
X, 5517.8 1 5517.80  220.480 << 0.000 1
XX, 46742 1 467.42  18.680  0.0007
XX, 216.38 1 21638 8650  0.0107
XX, 501.31 1 501.31  20.030  0.0005
X,X, 250.59 1 250.59  10.010  0.006 9
X,X, 72.17 1 72.17 2.880  0.1116
X.X, 1.55 1 1.55 0.062  0.8071
X2 1943.21 1 194321 77.650 << 0.000 1
X, 75.85 1 75.85 3.030  0.1036
X2 16.54 1 16.54 0.660  0.4298
Xz 770.19 1 770.19  30.780 << 0.000 1
Resdual 350.36 14 25.03
ﬁiilf[ o 350.36 10 35.04
gfiiR =
i?:ior 0.00 4 0.00

P
;‘Oiimr 20342.07 28

4 )i Ry T ASS R BGIE . A T IR RS L2 ] A
Iy R RIT 88 JEG P 10 4 A 180 DR 3R AR BU(EL S BT 9 A b
S, 52 BRI 37 3 e [ 1A 78 503000 ) oA 2, i8R
MU Y B P HEA T B AL, T 10 20 B st 5 ik
F FIASE R F K B8 B0 AIE , BRI 4L an 2 7 Fiw o

o3 S R 7 AT O FA AL R A, RIS 2 2
M 7 T 3 96 2 A [) ) 45 T P T F BB A 40 40 BT
BRI o B 22 7 BTN A BUE 2> SIS A
()~ (11) TH A5 FAR AR TR0, 455 784 3 0 1 5 4%
(R ADLEL T e A0 205 SR AN 11 7 i s o 345 i
Ty o8 A B () RS- 247 30 P 38 3 A 4 0 ] {1 5 %
(AR B 1) SF- 359 A % 58 22 43l o8 9.13%6.8.41%
4.08% , 7 WA T g 7 (A R0 AT DA FE 2 3 IR A it
[i] 5 F- 498 T R A T
23 MRUERSH

DA 2 R B A 845 A 1] 5 06 1S 238 T i
i AL B s, 38 F Design Expert #{4 %t & 37
{14 W 17 8 A 198 W 4 PR 2R o) 7 T T U A R 0 A 7

7R EL :/‘ 3] 2l [ b
SR FTH 1 A B 475 Pl Pl
Source of  Sumof Degreesof = Mean
o Fvalue P value
variation square freedom square
#5% Model  18.180 0 14 1.300 0 17.940 << 0.000 1
X, 13.1700 1 13.1700  181.890 << 0.000 1
X, 0.450 0 1 0.450 0 6.160 0.026 3
X5 0.580 0 1 0.580 0 7.980 0.0135
X, 0.002 7 1 0.002 7 0.038 0.848 7
XX, 0.005 2 1 0.005 2 0.071 0.793 5
XX, 0.003 2 1 0.003 2 0.045 0.8359
XX, 0.002 6 1 0.002 6 0.035 0.853 8
XX, 0.0410 1 0.0410 0.560 0.465 8
XoX, 0.150 0 1 0.150 0 2.010 0.178 3
XX, 0.000 3 1 0.000 3 0.004 0.952 6
X2 0.059 0 1 0.059 0 0.810 0.3830
X,? 0.290 0 1 0.290 0 3.980 0.066 0
X2 2.6700 1 2.6700 36.920 <2 0.000 1
Xz 1.7300 1 1.730 0 23.850 0.000 2
s 1.0100 14 0.0720
Residual ’ ’
A 19.200 0 10
Lack of fit ’
0.000 0 4 0.000 0
Pure error
18.1800 28 1.300 0 17.940 <2 0.000 1

Total error

=
Agitating power
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Fig.5 Effect of X, X; interaction on stirring power
WS HOR M, AR AF - (1) B AR K%L min Y
min Yy;max Ys; (2) 7288 X ] : 30<<X;<<100, 100<
X,=<250, 30<X;=<90, 50=<X,=<<200. 1k fk J5 153 %
(1945 N 2R e L 2 20L& O - 6 1 458 7 3 80 r/min,
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Fig.6 Effect of interaction on mixing time
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Table 7 Additional test groups

éﬁf X,/(r/min) X,/mm X,/() X,/mm
1 30 120 30 50
2 40 130 35 50
3 50 140 40 80
4 60 160 45 80
5 65 175 50 100
6 70 180 60 120
7 75 190 65 140
8 70 200 60 160
9 80 220 80 180
10 100 240 90 200

JZ 18] #E 170 mm, 2 M ff BE 307, B IS FE 5 100 mm.,
MR 5 L 2 ol SR A i LAY DI A T o
FrXt Ee A an gk 8 o , vl LI, 50tk A1
L, BT 3R8N 27.08 %6, A B [E] /N 70.15 %, °F
BRI AR A 9.57 %0

KT LR A T RS R T R LS
P, Jr AR BT I I S i i 30 BE 2= 181 AR 3 A =
K. &I 8A BRI, DLAL o Y I s i I 56 2 W) 2.0
TR, ELi 370 A0 B2, JEHAE B PE A A I
P8 T Al DX i 3 8 BE 2 A AL DX ] 0, PR e AR 1
Ja BB 7 0 A B T AL AT BORE L . ] 8C
D AL, PEA 038 B2 53 A CEREPR L3 A T R Y
AR DX, g T X 25 B A A AT 1 (e A 4 8
AR EE A 2 23 PR A T A i, — D Tz P
DA RS TR 5 S 14 4 11 5 | R A B R DX Il O 3 1Y
BN, A kTR E] AR S A, 55— T TR A AR
P 8 5 P 5 R AR I ARy P i 2 Oy A i
TR S T 2R LA i i AU 1) 9 O 2 A R
e by T B B e RS o O R A ) I (i A U
R TET 3t 52 R EE S G 0 ) 3 2 1) B A S A AR i R
PRI A BN 2] o SRR e 0 T AL Y
PR , DR BUFEID , AR R, T A i L
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A B C
——Fi{E Predicted value —=— F{E Predicted value ) —=— Fiiillj{& Predicted value
—— L Simulated value 80r —— 1E 3l Simulated value = g 10.5, —*— A24U{H Simulated value
14r 70 EZ 100
5 12 22 ol L o5t
22 10 E=s 52
& = M= 9.0f
49_‘1‘ = 8fF = 50 e
BE Lz £E B
?{gé Z WS 40 ’@‘E 8.0}
< 30} X% 7.5
2r . B35 7.0}
oF 20F >
012345678910 01 2 45 6 7 8 9 10 0123456 78910
J¥5 No. %5 No. J#45 No.
AHEFETIR Agitation power; B:IRA BT Mixing time; C: P33R Average temperature rise rate.
7 BESEERT
Fig.7 Comparison between predicted and simulated values
xS MMAHETENERFEFRXT L
Table 8 Comparison of response indexes before and after optimization
Ve g AT fhAbfE After AHX AL/ %
Response index Before optimization optimization Relative variation
PP TR /W Agitation power 4.32 3.15 —27.08
JRA A /s Mixing time 85.26 25.45 —70.15
SR T # AR /(“C/min) Average temperature rise rate 8.17 8.95 9.57
0.04 0.06
I 0.04 l’0.0C)
0.04 [0.05
1 0.03 - 0.05
- 0.03 1 0.04
0.03 0.04
0.02 0.03
A 0.02 0.03
0.02 0.03
0.02 B 0.02
0.01 0.02
0.01 0.01
0.01 0.01
0.00 0.00
0.00 0.00

B HE/(m®/s®) Turbulent flow energy

D
; {

W E/C Temperature

42.50
42.36
42.21
1 42.07
- 41.93
41.79
41.64
41.50
41.36
41.21
41.07
- 40.93
40.79
40.64
40.50

i i B HE/(m®/s*) Turbulent flow energy

45.70
I 45.61
45.48

+45.34
45.21

45.07
44.94
44.80
44.66
44.53
44.39
44.26
44.12
43.99
43.85

IR E/C Temperature

A A AR AT i 7 31 6 434 25/l Cloud chart of turbulent flow energy distribution before optimization; B : £t 4k Ji5 it i 81 i€ 43 4 == & Cloud
chart of turbulent flow energy distribution after optimization; C : i £k B #i & 43 #ii 5 Bl Cloud chart of temperature distribution before optimiza-
tion; D : AL G L 5341 2 (8] Cloud chart of temperature distribution after optimization.

8 MUBERRIESTEEFEESmEEILE
Fig.8 Comparison of turbulence kinetic energy distribution and temperature distribution before and after optimization
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Numerical simulation and optimization of stirrer in piglet milk tank
based on response surface method

WU Zhuangzhuang , NIU Zhiyou, LIU Meiying, LIU Jing, [.I Hongcheng

College of Engineering/Ministry of Agriculture and Rural Areas Key Laboratory of Smart Farming for
Agricultural Animals, Huazhong Agricultural University,
Wuhan 430070, China

Abstract A double-layer paddle piglet milk mixing tank was designed to study the effects of agitator
parameters in piglet milk mixing tank on mixing effect of milk.The method combining CFD numerical simula-
tion and response surface analysis was used. A four factor and three-level orthogonal simulation experiment
was designed by taking the rotating speed, layer spacing, paddle angle and distance from the bottom as the
design optimization parameters, and the mixing power, mixing time and average temperature rise rate as the
response indexes. The regression model of response index was established. The parameters of double-layer
paddle agitator were optimized. The results showed that the rotating speed and blade angle significantly affect-
ed the mixing power. The rotating speed, layer spacing, blade angle and distance from the bottom had a sig-
nificant impact on the time of mixing. The rotating speed had an extremely significant impact on the average
rise rate of temperature. The layer spacing and blade angle had a significant impact on the average rise rate of
temperature. The rotating speed had the greatest impact on the performance of the agitator. The response sur-
face regression model had good fitting. The parameters optimized by the response surface regression model
were the speed of 80 r/min, the layer spacing of 170 mm, the blade angle of 30°, and the distance from the
bottom of 100 mm. Compared with that before optimization, the stirring power and the time of mixing was re-
duced by 27.08% and 70.15%, respectively. The average rise rate of temperature was increased by 9.57%.
The cloud diagram distribution of turbulent flow energy and temperature were significantly better than those
of the primary model. It will provide theoretical basis and reference for the design and application of agitator
in piglet milk preparation tank.

Keywords milk preparation tank ; agitator ; mixing performance ; response surface methodology ; CFD

numerical simulation ; intelligent pig breeding
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