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Abstract; As there is a lack of systematic theoretical analysis for piston extrusion in biological 3D printing, fluid

dynamics simulation model of extrusion process for piston nozzle was established based on fluid dynamics and finite

element software ANSYS, and the influence of the nozzle design parameters on the extrusion process was analyzed. The

impact of nozzle length and diameter on the extrusion process was studied through experiments. The results show that the

extrusion pressure in the cylinder is bigger with longer nozzle, and the extrusion pressure is more sensitive to the

diameter change with smaller nozzle diameter. This method is effective for theoretical research on the design of biological

3D printing piston nozzle.
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Figure 1  Principle diagram of piston type nozzle
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Figure 2 Sketch of nozzle structure parameters
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Table 1  Drag coefficient ¢ under different conditions
NYAT I NYAT I
0.01 0.490 0.60 0.257
0.10 0.469 0.70 0.212
0.20 0.431 0.80 0.161
0.30 0.387 0.90 0.070
0.40 0.343 1.00 0.000
0.50 0.298
A2 kAR AK
Table 2 Design parameters of nozzle  mm
D] DZ D3 Ll L2 L'§
12.30 2.38 0.40 50.00 9.00 4.00
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Figure 3  Finite element model of piston

nozzle extrusion process
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Figure 4 Relationship between parameters of

nozzle and extrusion pressure
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Figure 5 Influence of joined parameters and transition
angle of cylinder block on extrusion pressure

3 LR

28 PR BRITOs Lo A nl R0, W IR | AR R Y
R RE A B R, He Sk ELAR M B R 2R 2, HoAt PR 2R
XFBE T B SEE JLF- il LA 2 AN o ek FAR A2 1L
IR0 VA 5 B W i K T T 8 A2 ) 52 T, W S
i A2 aN Ak NI LR AN RE G TS

1) SEBexE G 28R SR A AN [R] B 9 5 mL
B2 G v o

2) SR RN 2 kg BORARD S AR B L,
EIRRE T AT LAV by 3l 5 985 8 A S g i
(3L VRS ) AR 45 8 T RESIE R J7 , A RTRL 5 A
TR AR ) 28 S A AT it — I E R 1 s g, A
A3 SRR AR AN BT Bt o IS e 7 [ 55 1 g
THESES mL SEEA AR T F R I A, BB SE TR B B
T o

3) SR AL AR A AR i BTk 2E A 7 s
APPSR, BRI 3 T 4.

A3 EB 1 a4 kA

Table 3 Parameters of nozzle in Experiment 1

mm

PSS Bkt [P 3 skt
10 0.30 10 0.90
10 0.41 10 1.25
10 0.60 10 1.69

R4 FH2 A KAK

Table 4  Parameters of nozzle in Experiment 2

mm

Bt [IESNi4 Bkt BE Sk K
0.3 4.3 0.3 18.7
0.3 7.8 0.3 21.8
0.3 10.0 0.3 23.3
0.3 12.8 0.3 26.7
0.3 15.8 0.3 28.5
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Figure 6 Experiment device graph
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Figure 7 Time needed for extrusion 5 mL fluid

under different parameter of needle
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