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Flow Field Simulation and Experimental Validation of Water-Based Abrasive
Flow Machining for Internal Micro-channels in Additively Manufactured
Components

CAO Wentao, SUN Yuli, YAN Zhe, YANG Fanzuan, LU Wenzhuang, ZUO Dunwen
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics,
Nanjing 210016, China)

Abstract: To address the poor surface quality and non-uniform polishing in internal micro-channels of
additively manufactured components, where traditional finishing methods are inapplicable and unidirectional
processing exhibits limitations, this study adopts a bidirectional finishing mode. Combining simulation and
experimentation, it systematically investigates the effects of water-based silicon carbide (SiC) and alumina
(Al.O4) abrasives on hole enlargement uniformity, surface roughness, and surface morphology under both
unidirectional and bidirectional processing conditions. Results demonstrate that bidirectional processing
significantly improves polishing uniformity compared with unidirectional processing. Specifically, the
difference in hole enlargement between inlet and outlet is reduced from 51 pm to 27 pm using SiC abrasives,
and from 40 pm to 20 pm using Al,O, abrasives. Furthermore, bidirectional processing markedly reduces and

homogenizes surface roughness across all regions: Roughness values in SiC-processed channels decrease to
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3.726 (inlet), 3.612 (outlet), and 3.639 pm (middle) , while those in Al;O;processed channels decrease
to 4.127 (inlet), 3.876 (outlet), and 3.963 pm (middle). Comparative analysis indicates SiC outperformes

Al;Os, yielding channels with an average surface roughness approximately 0.3 um lower under bidirectional

processing (inlet: 0.4 um lower, outlet: 0.26 pm lower, middle: 0.32 pm lower).

Key words: water-based abrasive flow machining;

additive manufacturing;

internal micro-channels;

unidirectional/bidirectional processing; finishing uniformity
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Fig.1 Schematic diagram of water-based abrasive flow

machining for internal channel polishing
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Fig.2 Schematic diagram of water-based abrasive flow

machining system
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Table 1 Simulation boundary conditions and related

parameters
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Fig.5 Liquid phase fluid velocity distributions under different inlet pressures
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Fig.6 Dynamic pressure distributions of liquid phase fluid under different inlet pressures
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Fig.7 Fluid velocity distributions of solid abrasive particles under different inlet pressures
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Fig.12 Comparisons of inlet and outlet hole enlargement after unidirectional and bidirectional finishing with different abrasives
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Fig.13  Surface roughness comparisons at inlet and outlet after unidirectional and bidirectional finishing with different abrasives
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Fig.14 Original surface morphologies at different regions of the micro-channels
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Fig.15 Surface morphologies at different regions after unidirectional machining with SiC abrasive (at various machining times)

T R IR % i 2 B, D' 25 min &, 2 v 5k B
DR RS M R FL I R ] XA A [ T
[F3] PAY 3 B0 HY B0 S5 ) - 2 R 3% v o 9 4 R AR T A
H X8R, 15Cc) 2 0 DX 3% 1% 50 R, Lok
RORAE T AR R v ) DI, 7E 90 4R 5 min P AR
S M7 R B B R B L BR L M 15 min )5 B
AT B SR B | MTST R L BT ke B (5 5% B /D3 n T
EARIRIE , 185 25 min Ji5 i 38 % 12 9 P
W&, BRI AR E . Ra R, il
20 A F R ) DR B ORE 25 B 2 A R T

I T AT 9 5 min, 1% By B R 2 BR R B K HL R
TSR A i Ry 255 G v DXl 3 D R AR
AT R 8] DA 1 TR ik -5 i 3 3 5 5
BN AR S o A 22 AW A o P16 R B
AR AR A 1 i T A AL B R B 1 A i
5B A AR B REAR B, 1 17 XS G ROCR AT T A H
DA K v 8] D3, ELAE AR ()90 ' I 1) 1A ik A fi
14 56 1R BE AL T AL 50 P

P17 Sy WL 620 T 25 min J5 6 41 3 3 A [R]
DX 3 2 8 SR o &L 17 (a) X R Bk £k RE S RE, 17



%1 WSO, S < GBI 3 3 U S U R 55

WD=42.8 mm Mag=100 x  Signal A=SE2 WD=42.8 mm _Mag=100 x

00

100 ym Signal A=SE2 =~

WD=42.8 mm Mag=100 x
5 min 15 min 25 min
(a) Inlet

Signal A=SE2

100pm " Wh43.0mm Mag=100 < _Signal A=SE2 100mm " Wp—42 8 mm Mag=100x _Signal A=SE2 J00BMm  WD42.8 mm _Mag=100 % _Signal A=SE2 =
5 min 15 min 25 min
(b) Middle

1008m  Wp=42 $mm Mag=100 % Signal A=SE2 Signal A=SE2 100Bm Wp=43.0mm Mag=100 x
5 min 15 min 25 min
(c) Outlet

P16 Sl A5 e B iy i T AN i) i) AN ) X 40 3% T 530

Fig.16  Surface morphologies at different regions after unidirectional machining with AlO; abrasive (at various machining times)
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