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Abstract: The mixing law of water quality at the adjacent inflow cross junction and double-T
junction is explored through device experiments and numerical simulation experiments. Firstly, the mixing
degree index is derived based on the law of mass conservation. The accuracy of the numerical model of the
two junction types is verified by comparing the device experiment results with those of numerical
simulation, and the variation of mixing degree with Reynolds number is analyzed. On this basis, the
response surface method was used to design the experiment, and the two types of junction mixing degree
calculation models were obtained by regression, and the significance of the models was verified by
variance analysis. The mixing effect of the two types of junction was compared and analyzed, and

suggestions are provided for the design and expansion of the pipe network based on the response surface.
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Fig.3 Experimental device of junction mixing
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Tab.l1 Meshing scheme of cross junction
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Fig.4 Relation between grid spacing and L’ of cross

junction
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Fig.5 Grid generate of cross junction
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Tab.2 Simulation scheme of cross junction
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Tab.3 Meshing scheme of double-T junction

95 | Re,, | v/(m-s")| v/f(m-s") | Re,, q, q,
1 0.20 0.65 3.27 1.00 | 0.50 | 0.50
2 0.25 0.78 3.14 1.00 | 0.50 | 0.50
3 0.33 0.98 2.94 1.00 | 0.50 | 0.50
4 0.50 1.31 2.62 1.00 | 0.50 | 0.50
5 1.00 1.96 1.96 1.00 | 0.50 | 0.50
6 2.00 2.62 1.31 1.00 | 0.50 | 0.50
7 3.00 2.94 0.98 1.00 | 0.50 | 0.50
8 4.00 3.14 0.78 1.00 | 0.50 | 0.50
9 5.00 3.27 0.65 1.00 | 0.50 | 0.50
10 | 1.00 1.96 1.96 0.20 | 0.83 | 0.17
11 1.00 1.96 1.96 0.25 | 0.80 | 0.20
12 | 1.00 1.96 1.96 033 | 0.75 | 0.25
13 | 1.00 1.96 1.96 0.50 | 0.67 | 0.33
14 | 1.00 1.96 1.96 1.00 | 0.50 | 0.50
15 | 1.00 1.96 1.96 2.00 | 0.33 | 0.67
16 | 1.00 1.96 1.96 3.00 | 0.25 | 0.75
17 | 1.00 1.96 1.96 4.00 | 0.20 | 0.80
18 | 1.00 1.96 1.96 5.00 | 0.17 | 0.83
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Fig.6 Relation between grid spacing and L* of double-T
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Tab.4 Experimental scheme of cross and double-T

junction
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Tab.5 Central composite sequential design of cross
and double-T junction (L=D)

Rigit

T Rt {E HIAE v,/ v,/ ¢ .

%, %, X, X, [(mes(m-s 4
1 |-1414) 0 ]0.293] 1 | 0.89 | 3.03 | 0.50 | 0.50
2 -1 -1 0.5 0.5 | 1.31 | 2.62 | 0.67 | 0.33
3 1 1.5 1.5 | 235 | 1.57 [ 0.40 | 0.60
4 0 1 1 1.96 | 1.96 | 0.50 | 0.50
5 0 0 1 1 1.96 | 1.96 | 0.50 | 0.50
6 1 -1 1.5 | 0.5 | 235 | 1.57 | 0.67]0.33
7 0 0 1 1 1.96 | 1.96 | 0.50 | 0.50
8 0 1.414 1.707| 1.96 | 1.96 | 0.37 | 0.63
9 | 1414 0 |1.707| 1 | 247 | 1.45 [0.50|0.50
10 0 0 1 1 1.96 | 1.96 | 0.50 | 0.50
11 0 0 1 1 | 196 | 1.96 | 0.50 | 0.50
12 0 |[-1.414] 1 ]0.293| 1.96 | 1.96 | 0.77 | 0.23
13 -1 1 0.5 1.5 | 1.31 | 2.62 [ 0.40 | 0.60
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Tab.6 Design of central composite experiment
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Fig.8 Variation of Re,,—L" and Re,,—L" in cross junction
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Fig.9 Variation of Re,,~L" and Re,,—L" in double-T
junction
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Tab.7 Experimental results of central composite

design in cross junction

T Re,,(X,) Re,,(X,) L'(CFD141H)
1 0 -1.414 0.1133
2 -1 -1 0.195 8
3 -1.414 0 0.228 8
4 0 0 0.2237
5 0 0 0.2237
6 0 1.414 0.149 3
7 -1 1 0.1847
8 1 -1 0.128 7
9 1 1 0.190 2
10 0 0 0.2237
11 0 0 0.2237
12 0 0 0.2237
13 1.414 0 0.184 7

) FE w7 g TR R AT 22 00 A LA A B, ST
IRETRIE L' 5 Re,, Fll Re,,, 1 IR Z R m A )7 12,
/{1

L'=0.223 7 - 0.011 ORe,, + 0.009 ORe,, -
0.003 5Re%, — 0.022 4Re?, +

0.009 1Re,,Re.,, (12)

8 AT I RS RN I 2250 M . — T
5L PAE/NT 0. 05 BRUE B 20 &8 3%, 4n P /N T
0. 000 1 R IE B A AU 01 25 Sl ok 2 35>, ik 8
A0, AL F (M 380. 61, PAE/NT0.000 1,3
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Tab.8 Analysis of variance of cross junction incomplete

mixing water quality model

L B BT XL Y 13 T 00 i A5 52 0 4% JR
UNZR 9 FT s o T e 7 o T ST TR A R L

Re,, M1 Re,, 1Y) — X Z2 I [0l 9 77 #2 0 F =L
L"=0.171 0 + 0.010 5Re,, + 0.009 3Re,, -

0.007 6Re;, — 0.009 3Re:, +

0.004 1Re,,Re,,

®9 WTHAL=D)Hls

(13)

A% (CCD)RIRER

Tab.9 Experimental results of central composite

design in double-T junction(L=D)

TH Re,,(X,) Re,,(X,) L'(CFD 3H4341)
1 ~1.414 0 0.1167
2 -1 -1 0.1196
3 1 1 0.176 9
4 0 0 0.1710
5 0 0 0.1710
6 1 -1 0.133 3
7 0 0 0.1710
8 0 1.414 0.148 9
9 1.414 0 0.158 5
10 0 0 0.171 0
11 0 0 0.1710
12 0 -1.414 0.1133
13 -1 1 0.130 6

[ Y1 R 0o D7 P 5 22 53 M A 10 i zs
F10 WTHR(L=D)FELBAKFER T £ S

L'

Adi S5 Adj MS
Al . (%5
; (R )5 1)
Fe IR i o S E| FE | PIE
B A1) FA) i 22T
J7F)
AL 5 1 0.018 444 {0.003 689 380.61 |<0.000 1
2 2 | 0.003 204 |0.001 602| 165.32 0
Re,,| 1 |0.001 920 [0.001 920 198.11 0
Re,, 1 |0.001285 |0.001285 132.54 | 0
i 2 | 0.013 926 |0.006 963| 718.45 0
Re,, Re,,| 1 | 0.000 342 |0.000 342| 35.29 |0.0010
Re,, Re, 1]0.013916(0.013916[1435.88) 0
R 1 {0.001 313 {0.001 313| 135.51 0
HAEA
Re,, Re, 1 |0.001313 |0.001 313| 135.51 0
R 7 | 0.000 068 |0.000 010
EE 3 | 0.000 068 |0.000 023|5.87x10°| 0
a2 4 0 0
Ean 12]0.018 512

13 Fh T 50X 1y /4 CFD 358 5 [ )5 455 70 75130
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I, P s B R>=0. 77, Ui B T A5 4004 07 F al 45 Ky
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Fig.10 Comparison between calculated value and

predicted value of cross junction mixing degree

Tab.10 Analysis of variance of double-T junction

incomplete mixing water quality model

b/ Ea AdjSS | AdjMS | FIH P
BE
8l 5 10.006 966(0.001 393| 143.72 |<0.000 1
etk 2 10.003 150[0.001 575| 162.47 0
Re,,| 1 ]0.001770/0.001770| 182.64 0
Re,, 1 [0.001380/0.001380| 142.31 0
Vo7 2 10.003 550(0.001 775| 183.11 0
Re,, Re,,| 1 ]0.001621/0.001 621| 167.17 0
Re,; Re,y 1 ]0.002382/0.002 382| 245.69 0
W F3E
1 ]0.000 266|0.000 266 27.42 |0.001 0
HAEH
Re,, Re,,| 1 |0.000266[0.000266| 27.42 |0.0010
R 7 10.000 068(0.000 010
JA 3 10.000 068|0.000 023|538 793.51| 0
gz 4 0 0
A1t 12 |0.007 034
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