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Fig.2 Structure and grid diagram of the simulation model for

bucket flow channel

1.2 HEBIGIE
1.2.1 EREREMNSH

Shy 96 TIE AL R A A R BF 5T SR AR IR B 7 K 58 ML
Xt E5 LA 3D 4T EQ S BR T 00 55 4 T W AT ok AT
TS .

IS5 V9 0 T ' RO i S YA B4, DA K,S O, o [
FA L3 o [ VTP A 38 o 95k ML A 45 8 249 20 min
YIRL 851 A o T 98 8 R 3R ' R A7 LA BT 1k B
i ' B e B A PE AR . SR 70% K,SO, i fE
G B L DA AR IE Rk AT 5 v A B a0 R
T HUORC b2 B BOBT G R R AT . ROk g
BHALE 25 IR A, Br 45 0 K 26 58P /5 A Bird carreau 15
AR A (D PR .
n(y)=m.+(no=n) 1 +(ay) 1% (1)
Ky WG WY ,Pa-s;n, W E G YIE B, Pa-s;
AR REAEBS ] 5 n R TR By M BT VIR s

i 7 Jie 7% i 28 X (Haak Mars 111, Thermo Fisher
Scientific 23wl , 78 [ ) XF 99 e} 6 B Bt 5 D) 5k % 14 4% b
KR PEATI R MR E 9, N 1206 Pa-s,n_H O,
AN 266.1,n40.4314,

W5 FARL AR iR WL (W BE-9010B, ZR5E T
IR IR A E, T EDIEATHT S0 25 AL S
k1 sonyRX100M6, 1%y 25 fps, [ 5E £E 1 4 40 mm,

CHINESE JOURNAL OF ENERGETIC MATERIALS

HARCRE S F2.8, #1148 45 [ 2y 1280 pixelx 1024 pixel,
1.2.2 EEREIDITENTRIFHELE

S ARAF AN TR HERE TR 1 52 B I
DL R 5% I ik AR 96 E 5 L AT S B ST RS AN A 3
Fros BB i SRR LI e B o B [ AE Al IR T
GOALAY SCHE b TO0AR I SEHEAT 5 a0 ML AT AR 4 i, BT
S BN R IR T Bl R 7508, TR
W49 0.3,0.5 mmeminT 0.7 mm-min”', %
PE114°4 40 ,1.25 mm 0 EAR AT 12.5 mm AR B K
JE B S 56 FH B

XF TR g AL 0 e AT #E 2 05 2E R RS B AR e it
BEAY B A o AR B 5T A8 o A WL B, T I i A B
(] B DA ) 0 B P 2 O B 3R W s Sk Y 1T Ak B A
i Bk B % K i 2k o R FH Matlab &b B 4545 52 5 (1) 1A
B USSR E R S H Y, Limi sk 0 B AR mE sk K
EESHIRDBGIGEKER dRRE S S5, K
R BME 4R SAB#HERTE 30 mm A

/Jload sensor
oo ] / needle cylinder

camera

bracket —
M~ — -
I RANE

a. schematic diagram of experimental device

39 mm

114°/"

28 mm

12.5 mm

10 mm

R0.625 mm
b. structural parameters of experimental material cylinder

B3 il SRR a0 ke L R S R 454 S 4L

Fig.3 Extrusion and camera experimental device and struc-
tural parameters of experimental material cylinder

A et At

2024 % H 324K H 4 (377-386)



380

TIREE iR, TR B AL, o

n
I HI I /

El4 MATLAB L A2 U7
Fig.4 MATLAB streamline extraction analysis
A BB B R OO TR E XX I Y I 4R A
HEAT B, IFHCE R R 5 1.5 mm b #8047 1
Ji 3 A, R 0 i R AL AR HE R AT A B K B AR d
[l if Xk 30 s PN B 5% 1 ) e O AT B i B
h1.7 g-em™, B A] A5 30 A s RN AR LR B Q,
o T A, TR AT A B ) P A S 2R
v,
1.2.3 HEEXBILIIE

F 58 76 A 1 gtk R 05 0.3, 0.5 mm-min™ il
0.7 mm-min" B 4T xF B 5 R 3D 4T B i B R
RERF R 00 3047 07 BT, il Polyfow Extrusion 5 8k
D7 FLAT A B R AR R WSk 3 8 ) 2 o
L5, i 5 Bz o Hi 185 LA, DA i i BT A
FIF 46, O v IR b R R A BE Oy, e i 2 A T B AR
N\ U A AT AR A A R R B, S R R DAY R R I R
(& 5b) o 3 J3 A% Ak 55 U 3 AT 22 A A5G, 76 7% 0
Ab i 2 W SO R B IR, B 2 B Gk A i B K £ BE
THT 249 S0, 3 A B L I K, AT T AT AR RS B0 U
/N 5¢)

SRS ESRM LMK 6 Frox, LS 0 A&
R R R R B0 BE A OO Al BT R By i
JEATE— iR 22 AR —F . Sl
7 AR T K T T R 22 60 SR Al RE G I O A B R BE
5 R BRI R TR 0 R Ak 5 T AR I T T R 2
4 J IR AT RE R D A R N R B 30 mm BF R
Yookt 22 5 Tk 46 5 S AR T, e 28 5% 1 I 5 R 2 B
B R O, DRI o A ) B R R T A B0 2R
o Ko BR R R G R E L BEFEN  EBT Y
2V 5 S B S — B0, R LB Oy al S M T AR
AR T BT 1 2 28 Ak B O, A O B A R
AR

Chinese Journal of Energetic Materials, Vol.32, No.4, 2024 (377-386)

41 mm
35mm
— 30 mm

25 mm

— 20 mm
15 mm
H 10 mm

5mm

0mm

a. schematic diagram of axial coordinates

2.5x10°

2.0x10°F
1.5x10'F

1.0x10°F

pressure / Pa

5.0x10°f

OF % ; ; ; : ; :
0 15 20 25 30 35 40
y/mm

b. axial pressure distribution

30r
251
201
15F
101

velocity / mm-s’

0 5 10 15 20 25 30 3 40 45
y/mm

c. axial velocity distribution

B 5 {55 0.7 mme-min™ A IR 2R mg Sk i il B H

1) S AT
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Fig.7 Flowline diagram of different cone angle material cylinder sections
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Fig.9 Vertical axial parameter distribution for different cone

angles
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Table 2 Expansion parameters of different cone-angle groups

angle / (°) r/ mm A

90 0.6427 1.0283
100 0.6423 1.0277
110 0.6432 1.0291
114 0.6448 1.0317
120 0.6449 1.0318
130 0.6435 1.0296

Note: risexpanded radius; A is coefficient of expansion.
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Fig.10 Vertical and axial parameter distribution under differ-

ent outlet diameters
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Table 3 Expansion parameters under different outlet diameters

diameter / mm r/ mm A

0.75 0.4068 1.0850
1 0.5164 1.0328
1.25 0.6448 1.0317
1.5 0.7655 1.0207
1.75 0.8854 1.0119
2 1.0060 1.0060
223 HERKE#N

J I B AR W S 3 rh Rl Ak = o R AR E
B X, B B A U B S O OB R A — AN A X TR R R
D i B 32 B AR R i — 25 S R R O
SR I DX 38N FE 40 8 S, DA PR TE B HE 0 1 B AR
R SR, B B A B R B AE AR I 2 R RE IR Y
Sub 3R R B RARE I b R 5 1 A BE T Y B R, T
JE 5 AL A N B R S RO A B B . TR
AT R B B X T o A g R E T — &5
Bz, P s A B K EJE B A 5 mm £ 20 mm, &
M 2.5 mm, St 7 4 HEM R E 1140, Bk 0
HAARBESE1.25 mm.

P11 SRy S [l R B K 3 U5 o ) R T S R
Ao MR AL 1A, w] DL A 0 58 B Al A B K B S R O

N XK 2024 % H 324K H 4 (377-386)



384

TS iR, | TR A AUR, s

OP AT Z AR A — 58 R F, U Be A 11 Ak B4 s 5 A5 Rl Y
Bl R B o AE A SCPE o X SR, TR A A B ]
VAR et 8 06 B e ey 4 5 DX, DTG 82 1 2 S L fHL
A [R] BSF X S Sk 45 A 2 B B A ek i B A TR o A Bk
o 1 Tb B8 178 [ E A T, A WS B 9 i
T B PR 11 e (L 30 3o 7 R ) g JEE 67 B 3 B A AR B, o
TR G B B B S A B R AR R AL . R
T A KON L 3R 4 JE IR TS TR B R B BT i
S8 R AR, BEAE R B R B3, I ik

3.5E+04- —=—5.0mm
—e—7.5mm
3.0E+04{ —a—10.0 mm
—v—12.5mm
25E+04F . 450 mm
2 0E+04L— 17.5 mm
' —»—20.0 mm

pressure / Pa

1.5E+041-
1.0E+04}
5.0E+03F
0.0E+00f * ) ) ) ) . ) . .
10 15 20 25 30 35 40 45 50
y/mm

a. axial pressure

velocity / mm-s’

0 5 10 15 20 25 30 35 40 45 50
y/ mm
b. axial velocity
B 11 7[R Y B 8 1 T ) B B A
Fig. 11

section lengths

Axial parameter distribution under different forming
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tion lengths

Expansion parameters under different forming sec-

length / mm r/ mm A

5 0.6469 1.0350
7.5 0.6464 1.0342
10 0.6457 1.0331
12.5 0.6448 1.0317
15 0.6436 1.0297
17.5 0.6429 1.0286
20 0.6424 1.0278
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Influence of Nozzle Structure Parameters on the Stability of DIW 3D Printing Extrusion Process

DING Zhi-hao'?, YANG Wei-tao*, GAO Yu-chen’, YANG Jian-xing’, KONG Xin', YANG Bin'
(1. Chemical Engineering Institute , Northwestern University , Xi'an 710069, China; 2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To study the effects of extrusion system nozzle runner structural parameters (cone angle, outlet diameter, and molding
section length) on the fluid flow of energy-containing material extrusion process in the direct-in-writing-forming (DIW) technolo-
gy, an extrusion model of high-viscosity energy-containing materials based on the Polyflow Extrusion module was established,
and was verified by extrusion experiments under the working conditions of direct-write 3D printing. The study analyzed the ef-
fects of cone angle range (90°-130°), outlet diameter (0.75-2 mm), and molding section length (5-20 mm) on the extrusion
process of high-viscosity energy-containing materials through the established model. The results show that the Polyflow Extrusion
module can accurately simulate the flow behavior of composite energy-containing materials. When the cone angle is 100°, and
the nozzle outlet diameter is between 1.5 mm and 1.75 mm, the extrusion process is relatively stable with small extrusion expan-
sion. Additionally, as the length of the molding section grows, the required inlet pressure increases while the outlet expansion ef-
fect decreases.

Key words: direct write forming (DIW) ;viscoelastic slurry;extrusion device;flow channel structure;extrusion expansion
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