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CFD simulation and structure optimization of the industry-scale

microfluidization interactive chamber
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WE:BHW: Mk T R FHEHAE (industry-scale
microfluidizer, ISM) £ £ Fr & A F A £ 6k H £ K& &
HED AEKRRERM, FTik: %4 CFD-PBM 4
Fo Lkl & X I 2 A ARG R AT RA, BB R
THRAAKAF R LR, HR AR EEMRL TR RE
HAAEXG LA AT; EE2OLEARAY T FHEX
BMESTF—ZRBEASTFREEAS_5FHAHR
BIEMIARERATEAET MRS HEEFRE L
HEBEERAD BAEFEREIZEET AR S FE R
HRAAALIARBYAERRR., FTFREEERL
B HAT R AHRAC A 2] S A o) RO R AR AL LR D 4R
% 0.7 mm, & 120 MPa Fi& & Tk 878 L/h, M4k Fr i3
PERL B & a9 5Lk A B 249 nm, SR MBI ER DA R
¥, B TFREBREEE AEZaKEY, BE4E
AR ZEmH LR E,

KGR T LB & EGRE ;R % AR ; CFD-PBM; £ /4
BE WL 5 BE A ARAL

Abstract: Objective: of high feed

Solving the problems

requirement, low flow rate and poor treatment effect of

industrial-scale microfluidizer (ISM) in practical application.
Combining CFD-PBM emulsion

Methods : simulation and

preparation test, four kinds of interactive chambers were
optimized, and the final shape was obtained by size optimization.
Results: Four kinds of interactive chambers had larger flow rate

and hole diameter than the original interactive chamber. The
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effect of particle size reduction was T-impact type > T double
impact type => cross impact type > two shunt type. Shear force
mainly existed in the shunt zone, impact force mainly existed in
the impact zone, shear force and cavitation force mainly existed in
the jet zone. Turbulent motion existed in the above three zones.
The geometric parameters of T-shaped impact reaction chamber
were optimized to obtain the final reaction chamber model. The
minimum hole diameter was 0.7 mm, and the flow rate was
878 I./h at 120 MPa. The emulsion partical size prepared by the
optimized chamber was 249 nm, which was in good agreement
with the simulation results. Conclusion: T-impact type interactive
chamber has the advantage of particle size reduction, and the
impact force is the main factor.

Keywords: industry-scale microfluidizer; interactive chamber;

CFD-PBM; numerical simulation; model optimization
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Figure 1

Schematic diagram of industry-scale

microfluidizer
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Ab 3 A AN 2R R R OR BRI, e Sh  TSM X — 26 i B 2F
A A PR 03 TR 50 R e 22, B T L A G AE Tl b A 7
B RE AT, PR R B ISML 8 4% 1 A% 0 e 1 L Bl
PR35 R i Rk itk ISM & & B M A AL iz — .

WFFE AT AN [F] 2 A HAL 3 3K A9 ISM 3R 3% 2 i
FE S SR RIS 00 5 52 0 60 F A 45 A B9 O 9 3 R
I s AT 43 AT s R OR [R) 2 R AR 5 R A 32 AR
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Figure 2 Model diagram of two shunt type

interactive chamber
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Figure 3 Model diagram of T-impact type
interactive chamber
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Figure 4 Model diagram of cross impact type

A X

interactive chamber
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Figure 5 Model diagram of T double impact type

interactive chamber
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Figure 6 Model diagram of four interactive chambers
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Figure 7 Three dimensional mesh diagram of two

shunt type interactive chamber
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model, PBM) ] LIS 1S 4 1 [ 44 J50RE 19 fi 2% %
RS 5 ZR I R0

(2) RSB s AR A mak S 1.3.2 1543,
G BUR A BN 11, e KRR 128 pm, F /DRI N
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Table 1 Physical properties of two phase materials
- I/ g/ FLwmsk i/ WiAHLEE
' (kg+m™) (Pass) (Nem™D #/%
WPI % | 998.2 9.92X10* 0.027 95
ZEALKT 902.315 5.54X1072 0.027 5
1.4.5 MR FKMEMBERE L @®EEDAD,HEN

60 MPa, BT8R 5% , B WM ) 6 ki 42 o
FUW Dy fH. HANEIE, EE8EFRIESERS N
107", SR JH SIMPLEC 53 Jf 1 F — Birit xUis =X
1.5 R RZBE B4 HI4E Rk I8
1.5.1 R HIME 2k 304 NEERA R, TP
A KR ORE % OPL A BR O AR A R, R T e =
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(1) ANTR) 2 2 Sz o s 1 8 LA« {4 s A L 5L
TWEAT ISM Ak 3, &b 38 K 5724 60 MPa, 13 8] 4 F 15
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(2) FLWORLAR I E % 4 Fi A5 0 B 3 A7 R0 22 0
JriklE 1.3.2,
1.5.3 RSP RALB R 50

(1) BRI BE T« % 20 A 8508 d 4 i S i e ——T
T o R AT ROST Ak, OB s g IR A A G R 8 TR .
WZEEAG A B i E R i E K e R G E
1 U R G R AT R AL

75



76

BEREE&E5E 4 E FOOD EQUIPMENT &. INTELLIGENT MANUFACTURING

AINT
(1.0 mm)

/ \

WK BAEK
23mm) (23 mm)

A8 TEHEARLELEHTEA

Figure 8 Structure diagram of T-impact type

SR
(1.0 mm)

interactive chamber

(2) Fluent UE AP XA R R )9 T 5455 o 28 )2 6
i 0 A7 A L K% Jl 43 Al CFD-PBM #A #E401,

(3) R B4 A R 548 2 400 R~F Kb Al i 4
e
1.6 #HELE

FT A R 5 CEL W 2 500 58 SFAT 3 WK, 45 R L
bR 2R, i IBM SPSS Statistics 25 Hl Origin
2021 FEATHOHE 7 v Fin el e 22 41

k2 TFEGEREBABEHSHRST
Table 2 Different structural parameters of T-impact type

interactive chamber

RS Rk L ReF/
h 4, , %,
Y mm ¥4 250 mm
SWER 07 SR-0.7 |[fELEEK 0.6 1L-0.6
1.0 SR-1.0 Lz Iz
2.3 1L-2.3
1.4 SR-1.4
3.4 IL-3.4
I E K 0.0 L.-0.0
S K ) S C 45 45
0.6 SLO6 \gpmasse 0.7 JRO7
1.2 SL-1.2 1.1 JR-1.1
3.0 SL-3.0 1.4 JR-1.4
L SLas 3.8 JR-3.8
A K 1.2 JL-1.2
mHEER o7 1R-0.7
2.3 JL-2.3
L1 IR-1.1 3.4 JL-3.4
1.4 IR-1.4 4.5 JL-4.5
2 g 50br
2.1 4 MRS R BRI SR
2.1.1 4 PR B 5 IR R E XS b AN ] s B 2

WSO O 3R 3. 4 Rb 4R 5 SN IE B9 R /D FL AR S R
WEHY 2~ 3 i A RO KRR AR, — 8. T 7
i A ]S R TS U R O Y L
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Table 3 Diameter and flow rate of different types

of interactive chambers

ANIF X IR A B A2 /mm 120 MPa T 20 i

SN i A
s HEHE SRS WE/(LehTD
Jir I 0.3 0.5 0.5 360
T ER 0.7 — — 760
T Fid 1.0 1.1 1.0 900
T 0.7 1.1 1.0 931
TF ZkELA 1.0 1.1 1.0 628

SR R 2.1,2.5,2.6, 1.7 f% A 808 KT ISM ¥ 4%

F b BE A
2.1.2 ANTF)ZERIYR 3 SO N FLBCRLAR B2 Nk 4

JT R s FLBOE B R AR (D iy o) AL ALK BB W & R4,
FLRAAR MR N T FEH R >T F— )i & 7 >
TEFEER S M, B 2~E 5 5lin i T 4 FhE
P A [7) 46T o 4 1 R LA R X 44 R

Hi P9 T, A R ARTE AX LA N A B
TR T T 43 T B (UL 1 2) $ it i ROk AR 22, 7.08 pm
WNE 2,41 pm, T FEHER  HFEERM TS K
18 it B i A B A IS 0L A o A B AR A, 4 v A R o
Y9 B B X 0 A B R PR TS A R ROR AR S
R A3 A AT HEWT - S T ERBOCR I R A 5
7 2 A I 2 3% B OB RO AR AN Al R L T A U B AR
JHAER RS . X T FHEE M T F— ki § 8
A T FEMBTIATE A 2 R 4l A BOR B9 3271,
ST 23 REAR i 1 (L 3D
2.1.3 PEEGAT ACH B BT U0 ) R i ) R/
HWFEREY, R 10 AT RN B >T F
WHM=+FEEM>T F— REEA,

PP 1L, B 12 WA, O R g o R JE A e O o
W AN AR T A (EUPRTE 250 o A7 oA 3 0 Jis 9 39 £ 78 3K
JE A S I R o L B O 0 R e AR R BT B L T
HoAl i R B o . B 12C) RIBT YD N TR A S
LA B A A/ L AR A 43 T LR BORLAR B AR AL
55 O 9) , Ud B BT 470y 4 200 £k 802 B AL A2 sk /)N T R

R4 AELBREERRESELRE
Table 4 Experimental and simulated particle size of

different interactive chambers

SN Jis 2 Y IR/ pm BEARAR /pm RE/ %
R 0.828+0.012 0.906 8.6
T Fid R 0.35640.005 0.362 1.7
T A 0.45940.025 0.422 8.8
TF— ZKEEA 0.37640.002 0.403 6.7
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Figure 9 Average particle size on different sections of four interactive chambers
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Figure 10 Cloud diagram of velocity distribution

in four interactive chambers
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Figure 12 Axis velocity distribution of four interactive chambers
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Figure 14 Turbulent kinetic energy in different areas of four interactive chambers
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Figure 15 Cloud diagram of air phase volume fraction in

four interactive chambers
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Figure 16 Maximum air phase volume fraction of

the four interactive chambers
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Table 5 Comparison of simulated and experimental
particle sizes of T-impact interactive chamber
before and after optimization
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