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Research on Flow Characteristics Inside Multi-Functional Food Processer
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Abstract ; Some food processers have disadvantages such as poor crushing efficiency and long working hours. In order to
optimize the performance of food processers, the flow characteristics inside the multi-functional food processer were
investigated by computational fluid dynamics (CFD) method. Through the analysis of the velocity distribution and shear
strain rate distribution in the design speed and in the speed range of the food processer, it is found that the vortex
existing on the vertical cross section has a significant influence on the crushing efficiency of the food processer. The
results show that the fluid velocity and shear strain rate increase with the increase of cutting blade rotating speed, which
indicates that the crushability of materials can be remarkably improved by increasing rotating speed of the cutting blade.
Therefore, the performance of the food processer can be enhanced by proper cutting tool and pot structure at proper
rotating speed.

Keywords : food processer; CFD ( computational fluid dynamics ) ; vortex distribution ; rotating speed; cutting blade
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Figure 1  Physical model and calculation

model of food processer
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Figure 2 Velocity on y-z plane inside cooking

pot vs time under three different kinds of mesh
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Figure 3 Velocity distribution of fluid different
horizontal cross sections under design rotating speed
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Figure 4  Fluid velocity distribution along central

axis of rotation under design rotating speed
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Figure 5 Fluid velocity distribution along different

levels in xz plane under design rotating speed
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Figure 6 Streamline chart on different horizontal

cross sections under design rotating speed
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design rotating speed

2.1.2  BIYINAR R A

1 8 iy Rk N A IR B 3 LT e A m B Ay 3 )
PR o I ] H g ) A R i o A A AE 7]
HAG RS T, 32 R D 71 B BT UV i 5
1L 7 W3] P R E R SN DL 71 IR S 2 BT W

AT U B — 5 IR AR o 0 U0 A B 7T HLAH
FC, DU AT PR B RE T AR 1] A2

N BRI AR R /5! _ BRI AR /s
! 1.876E+005 I 9.817E+004
1.501E+005 7.855E+004
- LI27E+005 . 5.893E+004
! 7.525E-+004 ! 3.932E+004
I‘ 3.780E+004 I 1.970E+004
3.557E+002 8.615E+001
(a)z=-0.166 m (b)z=-0.172m
BYYIMAE /s Yy /s
I 1.006E+005 l 1.634E+005
8.054E-+004 1.308E+005
. 6.043E+004 ~ 9.815E-+004
H 4.033E+004 ! 6.551E+004
I‘ 2.022E+004 I 3.288E+004
1.186E+002 2.137E+002
()z=-0.178 m (d)z=-0.186 m
BRI R /s BRI AR R /s
' 1.069E+005 H 3.389E+003
8.553E+004 2.726E+003
- 6A17E+004 o . 2.063E+003
H 4.281E+004 ! 1.400E+003
I‘ 2.145E+004 I 7.364E+002
9.248E+001 7.317E+001
()z=-0.193 m (d)z=-0.210m

A8 itibik TH ALK RE
AR A Lo % R
Figure 8 Shear strain rate on different horizontal

cross sections under design rotating speed

2.2 AEEHETHRBIH

R TR T L O AR PR A A T B A LA
M), S8 AR N T AR b DX P 1Y) ) LA
9 000,10 000,12 000 113 000 r/min, 2515 T 4 FhAS ]
e ST 1) S R PN AR T B R

&9 ~ 12 J& TI4L1EAE 9 000 ~ 13 000 1/min %4 # At
BRRPN 2 1) 2 5 B e v AR T 1 R R K R A AR
Pl o 3o BB R T 0 A 0 AR RS T A ) HL 2 ] B 2 =
-0.160 m JJ B (e XN z = - 0. 186 m DA K H{A
TER3E B5 JT) EL I X IR 2 = —0.250 m, XtECIE 3(a) |
K 3(e) & 3(h) LRI 9 ~ 12, 7 DL &k BLAE J] B it
R D] P 50 0 P AN [+ 2 L e A 46 T 7 3
) AL R B PR R AL 1, LR 90 TR /N 2 ) L 1) e
e Y LR o T HE A

B 13 250 2 1 B R (2> -0.21 m)
PN = -4 o T N D E B 4o N ik 257 N



.26 - B THI# Light Industry Machinery

61.227

' 52.481
43.734
34.987
26.240
17.494
8.747
0.000

e

(2)z=-0.160m  (b)z=-0.186m  (c)z=-0250m

B9 Atk 59 000 r/min B H LR AR A
Y NCE- R Bk Y3
Figure 9 Velocity on different horizontal cross

sections at rotation speed of 9 000 r/min
(a)z=-0.160 m (b)z=-0.186 m (c)z=-0.250 m
B 10  #5i% % 10 000 r/min B FEALER K A

R A E B e ik E

Figure 10 Velocity on different horizontal cross

68.030
58.312

| 48.593
1 38.874
29.156
19.437
9.719
0.000

sections at rotation speed of 10 000 r/min

e e

(a) z=-0.160 m (b)z=-0.186 m ()z=-0.250 m

B 11  #3% 3 12 000 r/min B #H 22 ALK A
R A b6 ik B

Figure 11  Velocity on different horizontal cross

81.636
69.974
158312
| 46.649
34.987
23.325
11.662
0.000

sections at rotation speed of 12 000 r/min

o

(@)z=-0.160m (b)z=-0.186m  (c)z=-0250m

88.439
75.805
163.171
. 50.537
37.903
25.268
12.634
0.000

B 12 ik 13 000 r/min BHHZEALER K A
FNOE ST NR LY g
Figure 12 Velocity on different horizontal cross

sections at rotation speed of 13 000 r/min

HEE/(m-sT)

HEE/(m-s)

HEE/(m-s™)

HEE/(m-s™)

0 Il 1 ! Il Il 1 “' I}
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08

x/m
(a) 9 000 t/min
7
— z=-027m
6 z=-0.25m
-~ z=-021m

HH | | | { | | L LN}
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
x/m
(b) 10 000 r/min

0 L Il L L Il L s
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
x/m

(e) 12 000 r/min

I /(m-s)

N W R LN N

—_

0 i i L L | L 1 |
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
x/m

(d) 13 000 r/min

B 13 RF 4R THEIRIE A & L5 E
8 AR RIS
Figure 13 Fluid velocity distribution on cross
sections perpendicular to rotary axis under

different rotating speed

2020 FFE5 1 B



(iR - i&it]

BXTE , F : DUERHEVIRIE NFUATHR - 27 -

AR P I g ) D ISR ) O A 7 3 % 2 s v v DR
I 2 AR ) ST, 50 R TR £ 90 R A A28 7 R 10 0% ¥
TR R T e A FAm AR AR TR o P 14 3
FU T AN TR] D LT A S R i A P S Y e R, T LA
K BRREAE D LA JE R 38 B 0 3 T, i 1A PRI AR 1) B R
L LT RLNESE N, 3% 5 7] B A PRI A 5%

90

BRI E (m-s!)
~1 ~J o0 o0
[= w o w

(=)
w
T

9600 10600 11 600 12 600 13 600 14 (I)OO
¥ /(rmin”)
B 14 RE 4R T 58 A 89 R Rk &
Figure 14 Maximum velocity under

different rotating speed

P 1S X O T AN [ % T 0 1R A B 00 17 728 3R 1) e
RAEL, T AR BRBER T B 3 i, 89 1A P9 9 e KB
DI ARG, F H = 2 (6] I DU pR B R R o
DR T 0 R ) P i 2 0 35 L L 0 3

34

H IR X109
[\
(=)}

L
20 | /
18

90IOO 10600 1 600 12600 13 (;00 14600
33 /( r-min)
B 15 RREHETHRENGRRT 8 LR
Figure 15 Maximum shear strain rate under

different rotating speed

3 #Hit

SEF LR AR A N 9357 B E bR, e
A [) 0 LA 3T A BRBIL 50 A PR R )3t 3 2 A1 A
LI AL RES R AR T 4518

HALENINS S N ORI RN S PSPIREN ) ] D8 ON0
Mz g, BT B Az sld B ok, 75 [l —

A T Bl )1 T, BE A DR AR TE 8 SR 7 ) B g )

B, Iz gl BB Wi/ o R BT YN AE 2 32 2 3

e JTEZ 00, BT e wiy 4 J7 1) 00 ) B D) 07748 26 L

B 5 ) D00 F) B ) A 3R [ I B 7] 0 A AR A

RETER I3 K HEAEAL T 508 VRIS T Y 70 B S B 3 Ak 5 it

UM B AR ) ., BN AR SRR Z AR,

R T LS e A A TR0 5 3 R R T LB R AT .

PRI R B33 53 A1 LA S B U108 3R B O3 A A 32 T LA

B R RS AL B0 R P I A 1) O LA e B 1) A 8

AR (BB 0 LA % H g 14 LIt R 4 e Koz

S5 )AL PR I G R S 2 O FR | R KB V) AR R

55 T B T R R R R
BHEHLEZE BT By (R IR B A AT AP VF 2 R

TiEiws , A FR53Tie it 5 71 BB A A2 3L, RIS T

TR B R AL S5 49 70 70 By B, OB 32 % T L B 4

P AN 25 ) B S 45 0 2 B kA T ek, AT I B oAS 5 )

HARSZ Rl ieis o oAb, 0073 A A A Ao FL R 3

R ILAARAT — e R BE A3l  (HAE I 25 T B AR T

P AT7 AOAF AT I A A8 0 B 52 0 AN O, B b 1R 11 285

Pt i Bt — 20 it

S 3K

(1] B WHEFEFIS ST RE HEHI]. AR,
2006(17) .64 —64.

[2] GADDUM N,BAPTISTA R P,DELAHAYE M, et al. CFD simulation
of small-scale single-use stirred tank bioreactors; comparisons and
perspectives [ J]. Cytotherapy,2017,19(5) : SI113.

[3] MENDOZA F, BANALES A L,CID E, et al. Hydrodynamics in a
stirred tank in the transitional flow regime [ J]. Chemical Engineering
Research and Design,2018,132:865 —880.

[4] KYSELA B, CHARA Z, KONFRST J, et al. CFD study of flow
similarities in turbulent regime in a stirred tank [J]. AIP Conference
Proceedings,2018,1978 (1) :030028.

(5] M=K, &EH GHE, & HERARTAHBBAEESREH
Py AL T]. ¥ 4% ,2013,64(3) :849 - 857.

[6] DUAN Xiaoxia, FENG Xin, YANG Chao,et al. Numerical simulation
of micro-mixing in stirred reactors using the engulfment model coupled
with CFD [J]. Chemical Engineering Science,2016,140:179 —188.

[7] YANG Shu. Modeling and optimizing mixing efficiency in a two-
impeller stirred tank [ D]. New Jersey: Rutgers University,2017:1 —
42.

[8] DERKSEN JJ. Numerical simulation of solids suspension in a stirred
tank [J]. AIChE Journal,2003,49(11) :2700 —2714.

(9] Ex &, TH, KT X AFZENAEHMTT]. &8 5HMR,
2013,29(5) ;115 - 119.

[10] k&, K%, R, 5. SHE I i Z R A w37 K

M. KA ,2013(9) :60 -62.
(T#% 34 1)



