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Velocity Measurement of the Flow in a Dialyzer :
Visualization in the Header Using Particle Imaging Velocimetry

Masahiro NisuipA,” Kazuhiro Honma,” Tomokazu Numano®

Abstract

Flow visualization was conducted in a dialyzer header using particle imaging velocimetry. A full-

scale model for visualization and a mixed solution mixed with glycerin and a sodium iodide solution as the work-
ing fluid was used. As a result, the jet flow from the inlet collided against the center surface of the end of a hollow
fiber, went outside and caused eddies in the one-third radial position from the radial terminal of the inflow header.
On the other hand, the uniform flow from the end of the hollow fiber accelerated by the contraction of the outlet
header and went to the outlet. It was suggested that the velocity profile near the end of the hollow fiber in the out-
flow header is the most reliable PIV (particle imaging velocimetry) measurement data to validate the data by the
other measurement method in the end of the hollow fiber of a dialyzer.

Keywords: hollow-fiber dialyzer, flow visualization, particle imaging velocimetry, validation data, bio-fluid

engineering.
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Fig. 1 Measurement areas in a dialyzer.
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Fig. 2 Visualization model of a dialyzer.
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Fig. 3 Kinematic viscosity as a function of glycerin mass con-
centration in a solution mixed with glycerin and 64
wt% sodium iodide solution.
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Fig. 4 Refractive index as a function of glycerin mass concen-
tration in a solution mixed with glycerin and 64 wt%
sodium iodide solution.
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Fig. 5 Schematic diagram of the experimental apparatus.



PAHTIESE 137> 0 BT BRI E D & H 728 v & N O Bidfl E (53)

Upper area

Center area

Lower area

6 Nal 7tV YKEBEWICL D 3IODFHBIZHE L5 A
7 I A FONy FNEN ORI
Fig. 6 Flow visualization image of a dialyzer header dividing
into three areas with a sodium iodide and glycerin
solution.
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Fig. 7 Schematic diagram of 4-time particle tracking velo-
cimetry.
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Fig. 8 Velocity vector map on the Y plane in the inflow
header.
(a) Upper area, (b) center area, (c) lower area.

ZHWERTIEZR L, =2 — Yk THS Nal 7Y &
) VKRB A CEHITH 5720, FORLERET
572012, MRIC X ZEHINC X 0, sz v 7250
KL Nal 79 &) VKB 2 I 725HIE R CTh
L ED B L 72, kg% 1 Bruker 1 # Biospec
20/30 System (2.0 T #@{z&E~ 7 % v ) 12 140 mm
DFEZERN=Fr—=yaf Vel L7z, EH3 200
A=A Y AFAE vz a—FEER W, 80 & LR
(TR) 2500 ms, =2 —HK¢fH (TE) 25 ms, FOV 7 cm, 2 7
A ZAJE 3 mm OFFESATHEF L7z, B 1212, MRIIZX
B E AW CERI L2 E S A O R L Nal 7Y &Y
IR % F TR L 72 3B A OFE RO Z R, Z
=T, TOFR (time of flight ratio) 1%, N ORE Tl X

(a)

(b)

— Red:
0.15 m/s~

— Blue:
0.05~0.1 m/s

— Black:
0~0.05 m/s

(@)

X9 HMONY FIZBITS Y P EoRERZ b VoA
(a) E#B, (b) HuLEB, (c) FEb.
Fig. 9 Velocity vector map on the Y plane in the outflow
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Fig. 10 Profiles of the velocity component in the z direction in the inflow header.
(a) Profile in the area at a distance of 1.12-0.67 mm from the hollow fiber end, (b) profile in the area at a dis-
tance of 0.67-0.22 mm from the hollow fiber end, (¢ ) predicted profile from Figs. 10 (a) and (b) on the surface
of the hollow fiber end.
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Fig. 11 Profiles of the velocity component in the z direction in the inflow header.
(a) Predicted profile from Figs. 11 (b) and (c) on the surface of the hollow fiber end, (b) profile in the area at
a distance of 0.22-0.67 mm from the hollow fiber end, (¢ ) profile in the area at a distance of 0.67-1.11 mm from the
hollow fiber end.
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