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Flow Field Test on the Tangential Section of Polypropylene Tubular Menr
brane Module Annular Gap in Rotating Linear Tangential Flow

Wang Chengduan] , Chen Wenmei®, Li Jialnming2 , Jiang Guang ming](l . Institute of Environmental Engi-
neering , Southwest University of Science and Technology, Mianyang 621002, China; 2. Institute of Che mical Engi-
neering , Sichuan University)

Abstract : A new type of polypropylene tubular me mbrane apparatus of rotating cross flow was designed to study experi-
mentally the flow field characteristics of the tangential section of the me mbrane annular gap. The authors designed ro-
tary linear tangential flow tubular me mbrane separator and its test system for the first time . Through the system, the
flow field of rotary linear tangential flow with the advanced Particle I mage Velocimetry ( PIV) was tested for the first
time . A lot of streamlines and vorticity maps of the tangential section of separator in different operation conditions were
obtained. The velocity distribution characteristics were analyzed quantitatively : (D At nom vortex area, no matter how
the operation parameters change, the velocity near to rotary tangential flow entrance was higher than the velocity far
from entrance at the same radial coordinates . At vortex area, generally the flow velocity of inner vortex was lower than
the outer vortex . At the vortex center, the velocity was lowest , the tangential velocity were equal to zero generally . At
the vortex center zone , the tangential velocity was less than the axial velocity . @ Under test operations, the tangential
velocity and axial velocity of vortices borders are 1 ~ 2 times of average axial velocity of me mbrane module annular gap .
The maximum tangential velocity and axial velocity of ellipse vortices were 2 ~ 6 times of average axial velocity of me m-
brane module annular gap . (® The vortices that are formed on the tangential section, there existed mass transfer be-
tween inner and outer parts of fluid. Much fluid of outer vortices got into the inner ones, which was able to prevent
me mbrane tube from particles blocking up very soon .
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1 1.83 ~4.45
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Table 1  Flow field testing results of tangential section for different time
/s /mes™! /mes!
1 - 68 ~54 0.264 3.38 - 0.237 3.04
2 - 103 ~55 - 0.165 2.12 -0.194 2.49
3 - 106 ~87 - 0.285 3.65 0.323 4.14
4 - 69 ~69 0.237 3.04 0.194 2.49
5 - 96 ~ 81 - 0.255 3.27 0.244 3.13
6 -57~105 -0.199 2.55 0.209 2.68
7 -103~99 - 0.260 3.33 0.347 4.45
8 - 86 ~58 -0.182 2.33 - 0.143 1.83
9 - 51 ~56 0.203 2.60 0.252 3.23
10 - 81 ~81 - 0.283 3.63 0.303 3.88
3 s mm;
3 5

—O— i) S AR 14.2)0— FMEE (HALHF 14.2)

3 5

Fig .3

3

(1) ,

(2)

—o— R EE(HAEAR 247) O MR (PA4R 24.7)

Distribution curves of tangential and axial velocities in ellipse vortice areas of tangential section at Sth time

(3 3 ;

(4 ,



60 23
2 2 2
E
0.078m/s 1 ~2 ;
(5) (U
2~5
, 4
(6) ;
, , 10
E 2
2
Table 2 Different parameters in different operation of the flow field
1 2 3 4 5 6
/ MPa 0.01 0.02 0.03 0.04 0.05 0.06
/ Les™! 0.167 0.2 0.24 0.27 0.29 0.31
/ mes! 0.759 0.909 1.091 1.227 1.318 1.409
Re, 819 968 1162 1311 1415 1504
/ mes™! 0.055 0.065 0.078 0.088 0.095 0.101
3 , 10
Table 3  Different parameters and testing results of the flow field
2 2
1 2 3 4 5 6 4 1 2
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Fig .4 Streamlines of typical ellipse vortices at 1st to 2th operation
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Fig .5 Distribution curves of tangential and axial velocities in typical ellipse vortice areas at 1st to 2th operation
4

Table 4 Comparison of velocities in typical ellipse vortices in different operation

1 2 3 4 5 6
2 7 5 6 3 3
/ mes! 0.288 - 0.264 - 0.271 -0.186 0.220 - 0.188
/ mm (39.1,6.3) (6.3, 48.2) (6.3,40.4) (12.9,48.2) (6.3,29.9) (33.8,11.6)
5.24 4. 06 3.47 2.11 2.32 1.86
/ mes™! 0.313 0.323 0.249 0.258 -0.211 - 0.220
/ mm (7.6,6.3)  (11.6,48.2) (6.3,33.8) (6.3,28.6) (6.3,43.0) (7.6, 48.2)
5.69 4.97 3.19 2.93 2.22 2.18
/ mm (37.0,11.5) (27.5,31.5) (43.2,25.0) (14.2,34.0) (28.0,16.0) (35.0,29.5)
6 9 6 4 4 8
/ mes™! - 0.265 0.239 -0.199 -0.152 - 0.202 0.257
/ mm (6.3,48.2)  (36.1,26.0) (6.3,48.2) (7-6,46.9) (24.7,48.2) (32.5,48.2)
4.82 3.68 2.55 1.73 2.13 2.54
/ mes! -0.310 0.280 0.197 0.205 0.187 0.253
/ mm (8.9,8.9) (46.9,26.0) (41.7,36.4) (10.3,23.4) (48.2,6.3) (33.8,6.3)
5.64 4.31 2.53 2.33 1.97 2.50
@® , . ®
, 0.01 MPa 0.06 MPa
@ b
b b b
b b 1 ~2 b
b b
® 2~5
0.01 MPa
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