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F1 03 A 5Pl o U X AN TR) B JE 1Y) 80 285 O 722 5o
AT Bird—carreau ¥4, #7 Y EELRLIE 1T 11
B AR 3h 71 % (Computational Fluid Dynamics,
CFD ) BE4LL, 73 A1 55 e 4 L 72 P L BT v 266 B8 Jm) 358
SR R USRS A . R CFD AL
133 R RS 5 A 2 L DR R LA KROS5
TR AR, B A ISR BB AT 3D ATED, ik
HATENERE  WF9E 45 R B 7E A fRHE 3D £ M ATED
U 1O FH A B AR AR

1 MRHEE
1.1 iXFH

FRVER, BIEE MR AR A A
fRbBy SR E T A AR A A PR A A B R,
BURL T A AR A AT FR 2w s MRS, b2
MAEACRHE A R A R 2Ky £ 87K,
12 E&5NEE

B TE IR K I 5 (HH-6) , VL5 6 A2 L 28 BR
8] A AL (Ultra-Turrax T 18 digital ) , 2

B IKA 22 Al % T 1L (BTP-3XL) , 3¢ [ Virtis
8w F P B 308 (HITACHI Regulus 8100) ,
H A H S ] A8 B 2140 63 (Nicolet iS5), 36
] PR KA KBB4 7 5 A2 AL (MCRS2) , B8 3 F)
LARWAA FR A A 5 Bk 4L (TPA) , % [ Stable Mi-
cro Systems 23 7} ; X— S &7 F1 AL (Empyrean) , fif
2% PNAlytical A & ;3D $TEI#L (FOODBOT-D1),
rh AT I ER R A R A ]
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(S ml L 4% B 1 FR R ORTE R A bRy 95 R
Jie IR S TR AR i B FE A A JE i A ZEROK
FHBC SRR TE L B P o as Y, 15303 — ke
fir FERE S E T 80 CC/K AR T 30 min, FFRE 54
) 2R i S BHLAE 10 000 r/min F&
ORI ST T, R BRI R,
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Table 1 Dendrobium officinale starch-based gel formula table

40 %) /B 77 IR E Mg I R /g R E R g D/g #4 K /mL
SG 10 2.5 2.5 — 80
SG-0.15D 10 2.5 2.5 0.15 80
SG-0.20D 10 2.5 2.5 0.20 80
SG-0.50D 10 2.5 2.5 0.50 80
SG-1.00D 10 2.5 2.5 1.00 80

T :SG g V€ By HEEE IS, D R A1 b8 5SG-0.15D A1 MR Jindt 0.15 ¢,SG-0.20D A1 Ml Jin it 0.20 g,SG-0.50D Jy A1 fishis Jin &t 0.50 ¢,

SG-1.00D £ AHA I 1.00 g,

1.4 REHHESH

AR B K RS o MCRS2 #9375 28 A 3647 37
ARREME BT o XPRE S HEAT SRS AR D i, B A
AR 27 A5 BB/ N IR IR U BT IR S 1
HEBECN 1 mm, N 25 C, HFREHE 1~100
rad/s, W78 R 1% (TE LR R Y8 B A ), ic sk At
REA I RE R I  BURE IR 5C T A 180 19 A2 £k it
2. WRAR AR 2R A BT VT R AE 0.1~100 57
T P PN D0 e R A
1.5 RS

Vo ) 2 1) D A BB e i AR AR (IR AR, Y
F£=25 mm, {5 =20 mm) 1, i FE A P/O.5 Rk

F14) J5 A ASC T 53 A A ASE AR T B B4 SRR AR 1 L R
FH TPA #£2X, DaT 03 I3/ i 3 2 oy 1
mm/s!, HARBEACN O, il & 1R 5 g, v 3k A5 B
Jiz (B et R BPE A R T RO
BT, — =M,
1.6 X-SHE&ATH 47

A 5 K I Air 2% PNAlytical 28 w25 7 (1 # +5
i Empyrean 9 X~ 5 4 AT 554300 B i 4700 5
DL Cu MHE, TAEH LN 45kV, TAEHETN 40
mA , 1E 20=4~40°7 [l P L 2°/min 38 28 1 RE A1
1.7 EHEMOMRESH

FH FT=IR 4360 BE 1% FE 5 () 21 0 3 i
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Arima I B TE D 4 000-400 em™ I L,
WA 25 °C, W T RS B K 5 KBr
KA LA 1:100 (5 & b ) e il A 07 85, 45 20 40083
SRIFAHE Y R I S5 HEA T G o T
1.8 RAHBTFEME

AR KR H A H 3728w AR 7= RS HI-
TACHI Regulus 8100 1 45 4 Fi - & f0 5% X 4 b
V) A58 DT T 25 A TEA T RS, LR R AR S A R T
IR G S ik 4, IC AR R AR T
ST 5kV,200 X 1% 2 A9 BI04,
1.9 3D §TED

K5 FOODBOT-D1 f4 XU Sk £ /i 3D
FYERHIL At FH B S A2 15850 N7 ARk 0 g T B AR
PR SCE RS 2 R sl 2 0.84 mm, BEHE S B
HRN 13 mm/s, FTERYEEE 25 °C, WiW§ B A% 0.84
mm, FH A E 60 mL, FTENEE 3 K,
1.10 CFD ##

FIH Workbench 2021 R1 /4 Polyflow 5
P 3D F7 Bk A& v ek £ P9 0 55 U R TR
3. FHEE AT BN R A 43 A G BLEEAT T CFD A5
L, B BEAT 07 AE Guo SRR LAY R 1B
o, A PR R

1) B4k 6 b Bl A Mok O oy 8 i o 4 JiL
WA

2) B AT AR UE R B A A R AT R 4 1) BRL A
TR E N EER R EIR R

3) TR R R TR Z B A
BT )RR B R A S

4) BTE 3D FTEN b fE v, Wkl REM 22 1)

T,

5) B i BRE S A ol 3l A N TR R R Y 44
UL 3 1.385%10° mYs (5 SZhRf—20) .

6) MRBLEEIE ) 4 BE I E A 0 mm?s,

7) TEWE %5 1.60 GHz 19 Intel® Core™ i5-
5250U ) CPU L #EA7#4L

Bird—Carreau 5 % 2 5 7 A5 25 4 37 14 26 2 Fifi
Sy U] A A AR O R R .

7 =Nt (e[ 1+(A9)7] (1)

Ay HBE Pa-s;n. HICKR BT E T
(I ZE B Passsmg WAER BT VIR N FE  Pa-s;\
RS AT E] s 5y R BT VIR s n TR ARFE AL B
TULA A Origin 2022 #E47

YT 27 SR B R R A ] R ga Ak, R
PLTF 8 2 A sl i Oy R R TR

Veo=0 (2)

(%qu»:4@+vﬁp (3)

Ao MR  m/s;p AIETT, Pasp HATERHE
B BE kg/m?® ;0 NN S5k Pa, DL 7R
N

29D =0 4)

Kb om MATEIMPRHOREEE o X T A SCril ik
B A 2R 0 AR B g FH Bird—Carreau #5750 (/45X
1)RA R M D AR sk a2

VU+(VU)T =D (5)
2

A Vo gl BERR 5 (Vo) D 3 JEE 16 J3E 1) e
EO

% 2 Bird-Carreau # &8 1) Z #{&

Table 2 Coefficient values of Bird—Carreau model

7 2/ R SG SG-0.15D SG-0.20D SG-0.50D SG-1.00D
1o/ (Pa-s) 1040.21 1004.13 1073.06 1432.80 1554.33
N/ (Pa-s) 0 0 0 1.13x10* 0
A 4.01 4.08 4.08 3.78 3.96
n 0.46 0.09 0.08 0.03 0.06
R? 1.00 1.00 1.00 0.99 1.00
pl (kg/m*) 613.64 550.24 562.73 537.59 434.43

TE « 2 B B AR 24 5 1 U5 BRA5 BY RRfEL
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B A5 s g i ¥ SPSS 21 #E47 ;2K O-
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Fig.1 Viscosity (a), loss factor tand (b), storage modulus (¢) and loss modulus (d)
of Dendrobium officinale starch-based gel
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Fig.2 Histogram of hardness (a), elasticity (b), adhesion (¢), and cohesion (d)
of Dendrobium officinale starch—based gel
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I BE I 2 HH —COO—3& AT 110 % FR A 4 587 HE 19 I i
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Wl 5 1 414 em™ AEW WIS N JFE % 2 1 370~
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25 it I 2 i A1 i AR 2 AR
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W Wi T BE R 5 A bR 22 ) G A A TR
FH 7 (2R ) AR BRI, A 8 9 5 i A i, AN 4
e A Ak ) R
24 AHRIMITEME D ITOHBREEHHN
=410
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W AR g 15°,17°,20°H0 22003k, 78 XRD %14
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Fig.3 Fourier transform infrared spectrum
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Fig.4 X-ray diffraction pattern of Dendrobium
officinale starch—based gel
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Jot 55 G B AH LA I N SO 1 A5 450, X
FHBERERIN . T 8B B A AR 04 B SCEEE LA K
R, By LLAE 3D 3T B b n] LIa ok 38 55 4 Ak 75 n
ORI A BER AP, (IS 45 3D ATE
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B 5 AfHEMEREKLN SEM
Fig.5 SEM image of Dendrobium officinale starch—based gel

2.6 EMEERK CFD #il

mE 6 Frax, 3£ 2 145 21 56 Work-
bench 2021 R1 i ploy flow #iHe k4T CFD 4L,
A5 217 fRHUE A BEE IS AE R T R B EE | R B
VIR ) Fs B2 i 40 Ai 18, Wl 6A BT, SG—
0.15D 7 fFHE A S35 g 1) 285 188 50 A &1, L8 B N4
B A BI04 73 A R AN 4], ORI
RLE BT MR P2 1), FE B 6B, A9 R fAT BE 31 o
DEREEM 6.404x107 Pa-s #41 %) 1.004x10° Pa-s,
W 6B IR, HE R F2 1 Ja 38 5 V) 2 28 43 Ay 42 22
PRELAE ) e BE B Apo0 7 B A AR AL, ELUR B A
7.956x10% 1/s Wi/NE] 2.16x107° 1/s, Zh )53 #i 5
Jry R BT U AR 43 A A A 1a H B R 5 U0 B
FRAAH R b 7 %8 B AR ER B ] 6C R T SG—
0.15D 7 fshE A SE8E B 1) 1 o3 A B, WDRHEET A
O3 s e v, HE 7 A 3.175%10% Pa /)
) -3.517x10% Pa; 41 6C iR, J& 7755 7 A9
T BE B rpaC 1 728 Ak A R S /N B -3.517 %107
Pa, F 34 /i1 £ 1.486x10* Pa; JE J1 (43X Fh 43 45 75 &
1.10 95 v A i (T3 Y BRI R e HER 502 TR
31, K 6d SRR T SG-0.15D e i 4T Bk & 53 A7
P, b DR BT A 25 4 2 o | 58 e 1 4T D 3k
FEB W, A T 4 v Ak 1k B B KAE R 6.13x

107 1/s, 7EE 6D w7 B B2 D A8} 1 B 3] s
BN, SG.SG-0.20D .SG-0.50D .SG-1.00D #
PRI RGEE Ry 5 D) A F g L RE 43 A 1] L B
AT 1,

K 6E 43 %1~ SG .SG-0.15D . SG-0.20D .SG -
0.50D ,SG-1.00D 7£ M5 1 9 i b 1 Al B Ry &8 57 V1)
PR R R RUE A B AR ] LUE B Bl
B A ER PR, BE AR R 0 N 1.004x10°
Pa-s BM%] 1.554x10° Pa-s, X & H T A2
W5 U Ky L i VR 5 T AR R
A F SG #E g K & ,SG—-0.15D .SG—-0.20D .SG—
0.50D ,SG-1.00D {4 Jrj #B 5 1) 38 L 9l /) | {H 2 bifi %5
ARSI RN, SR B D) R A AR A
WY R . LU oy S R I 1) R ) Bt A R
T B 3Gz ET G, M 1.486x10* Pa 3 in &
1.783x10* Pa,, £ BT 2 vy 1) 8K 1 v J 38 He 77 35 %)
T X B G SAAE AT B R A BRI, 25 B
B BT 40 858 5 2 [l g ) W A A i () A ), DA B
B EBE R 25 I S I I, 3 4 S BT B AR
77 i g FRAERARES B A RS 0 W R
OERREIEE YT S W N S S o =R R )
PP GERFTENS ], 28GR R R By U) 22 |
JE 3 FGHE B i 45 51 4 SG-0.15D BEIE R Gtk AT



172

2024 455 6 W]

E
FIE (Pa s)
SG-1. 00D I U1 (1/5)
1 2 )i (pa)
[ &% /s)
SG-0. 50D
]
0
= 5 560 201)%
®& %0 |
SG-0. 150%
]
o
t ]
o 1 2 3 4 5 6 7 8
HH
Values

Hra, b, e, d 2050k T 2 i Ak i JRy 0 B DD R B EE R RIE R A A R E T B R PR R BT U R R T A
BT 4303 2L 10°,107,10%, 1072, Horh SG % B4 R 19 ) 75 SR DL 107,

6 =il SC B VIEE(A) FE (B).JE/1(C)FEE (D)4 i K 5B A f B BT R im iR I 4 R (E)
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simulation result of the nozzle tip of the gel sample (E)
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Prediction of CFD Numerical Simulation and Personalized 3D Printing Performance of

Dendrobium officinale Composite Gel

Feng Simin', Wang Jing',

Xie Chenxi',

Chen Bilian?,

Yu Jiahao', Shao Ping"

('Zhejiang University of Technology, Hangzhou 310000
*Zhejiang Institute for Food and Drug Control, Hangzhou 310000)

Dendrobium officinale powder is rich in polysaccharies and has special rheological properties, which can be

used to develop starch-based 3D printing food materials. In this study, the effect of Dendrobium officinale powder on the

adaptability of starch—based 3D printing gel (SG) was investigated. The structure and characteristics of starch—based gel
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3D printing materials were analyzed by rheology, texture, scanning electron microscopy (SEM), x-ray diffraction, and
fourier transform infrared spectroscopy (FT-IR) combined with Computational Fluid Dynamics (CFD) simulation. The re-
sults showed that the addition of Dendrobium officinale powder had a significant effect on the microstructure, rheological
and textural properties of starch—based gels. With the addition of Dendrobium officinale from 0 g (SG) to 1.00 g (SG-
1.00D), the hardness of starch—based gel increased from (59.81+£1.39) g to (105.67+2.05) g, and the adhesion in-
creased from (43.40+2.07) g-s to (78.59+0.23) g-s. It was found that addition of 0.15 g Dendrobium officinale powder
can optimize the network structure of the gel system. The addition of Dendrobium can cause the migration of FT-IR
characteristic peaks, and enhance the intensity of XRD diffraction characteristic marker peaks near 17°, indicating that
stronger hydrogen bonds are generated, but no new substances are formed. The printing speed of the SG-0.15D could
reach 6.13x1072 1/s with best 3D printing adaptability. This research provides a theoretical basis and direction for the de-
velopment of using Dendrobium officinale powder in 3D food printing materials, and providestechnical reference and sup-
port for the actual production of Dendrobium officinale 3D printing materials.

Keywords starch—based gels; 3D—printing; Dendrobium officinale ; computational fluid dynamics



