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Effect of Orifice Type and Number on the Mixing and Flow
Characteristics in In-line Mixer
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Abstract This study examines the effect of the type and number of orifices in an in-line mixer to improve the mixing
performance and pressure loss. Recently, in-line non-power-consuming mixers have been increasingly used to
complement mechanical mixers, which have a long dwell time, noise, excessive energy consumption, and high
maintenance costs. An in-line mixer with an orifice for efficient mixing in water treatment was examined by numerical
analysis using the commercial code FLUENT. The flow characteristics of pressure loss and velocity distribution within
the mixer and the mixing efficiency were compared with and without the orifices. The CFD results show that the
mixing efficiency was improved, but the pressure loss was increased by the in-line mixer with an orifice. A sensitivity
study was also done on the principal parameters.
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Fig. 1. Model of In-line mixer
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Fig. 2. Grid dependency test on different mesh number
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Fig. 3. Computational mesh of in-line mixer

Table 1. Number of elements and nodes

Model Elements Nodes
n-line: mixer 3,044,477 757,512
without orifice
In-line mixer 3,404,054 729,163
with 3 orifices
 In-line mixer 4368318 1,048,199
with vane and 1 orifice
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Fig. 4. Volume fraction along in-line mixer

HE= o

o] A= vkt 2.2

Fig. 5& &7 @Hdx AEES
927} Qe AE £351719 E:ILOHH oFEo] AAEE

8.0e-005
7.0e-005
6.0e-005
5.0e-005
4.0e-005
3.0e-005
2.0e-005
1.0e-005

10

ANSYS

YYao.Volume Fraction RI70

Contour 4
1.0e-004

9.0e-005

0.0e+000

030 m)

a) without orifice

ANSYS

YYao.Volume Fraction r70

Contour
1.0e-004

9.0e-005
8.0e-005
7.0e-005
6.0e-005
5.0e-005
4.0e-005
3.0e-005
2.0e-005
1.0e-005
0.0e+000

-

o o0 o030 m)
— —

b) with 3 orifices

ANSYS

Yao Volume Fraction RI70

1 Oe 004
9.0e-005
8.0e-005
7.0e-005
6.0e-005
5.0e-005
4.0e-005
3.0e-005
2.0e-005
1.0e-005
0.0e+000

Fig. 5. Volume fraction in the exit section

o 10
e 23

o0 m)

c) with guide vane and 1 orifice

32 #3854
Fig. 62 7} =g
Leju a7 AAE s

ks 3| Hlo] &3Pt FEE
Fig. 72 28925 370 AMEE A9
UERH Q@9 ~E AUA oFe Aatako] A=

e}
& o 5 ok



Velocity AN%,V,%
Vector 1

1.5e+000

1164000

7.5e-001 =

3.7e-001

0.06+000
[ms™-1]

PR S .
a) without orifice

Velocity ANSYS
Vector 1

1.9e+000

1.4e+000

9.6-001 e

4.8e-001

0.0e+000
[msr1]

. v =
b) with 3 orifices

Velocity ANSYS
Vector 1 -

1.7e+000 =

1364000 = s

8.7e-001 - ==

e = =

4.4e-001

0.0¢+000 S
[msr-1] Sl

om0 a0 (m)

¢) with guide vane and 1 orifice
Fig. 6. Velocity vector in the in-line mixer
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Fig. 7. Pressure distribution of in-line mixer
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Table 2. Pressure loss between the entrance and exit

Model Pressure (Pa)
In-line mixer without orifice 283.458
In-line mixer with vane & 3 orifices 4439.15
In-line mixer with 1 orifice 1493.75
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