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Abstract
air vacuum drying equipment, improve the uniformity of the hot air drying process of drying equipment,

In order to solve the problems of non-uniform wind speed and flow field in steam blanching and hot

computational fluid dynamics was used to simulate and analyze the flow field of hot air drying process, and three
improvement schemes were proposed, and four groups of models were selected for each scheme. By comparing and
analyzing the velocity uniformity and flow field distribution of each group of models, the velocity non-uniformity is
taken as the index; it is obtained that the optimal model is to install a nozzle baffle with a width of 11mm at the rear
end of each nozzle outlet, and its velocity non-uniformity coefficient is 10.4%, which is 23.61% lower than the
model before improvement, greatly improving the uniformity of hot air drying. Finally, the improved model was
tested and verified. The relative error between the simulated value and the measured value is within 10%, and the
difference between the simulated value and the measured value is small, indicating that the model is accurate.

Keywords Fruits and vegetables, Hot air-vacuum drying, CFD, Structural optimization
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Fig. 1 Picture of steam blanching and hot air vacuum drying
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CPE MR A R AR RS B TR R AR e 453

i =

w

S

velocity/(m-s™")

—— grid scheme 1
—— grid scheme 2
—— grid scheme 3
—— grid scheme 4
—— grid scheme 5

00 01 02 03 04 05 06 07
horizontal distance/m

KI5 AEIRIAECT Fhoi 2k B i A il

Velocity distribution on the center line at different grid

—

0+

Fig. 5
numbers

22 FIRIEEES S
221 AR EM

B R BE R A O, S AR 6
m/s, Wi EEIE N 323 K(50°C), J7 3 B T A K%
11, HH B B R, B Outflow, T4
R U —AH I, B Flow Rate Weighting HX 1,
BETH] 31 5 2% A2 BE T 30 FLB R O 250, B BE T
PRy 28 44 R RS BEE S R B IRBE 300 K, SRR K
2mm, ASCEEHRE ERYEHZ R 2400 TIX,
YrehE IR, HALB R 0.5061
222 MERIX K] 5

3 Ao AR O AR A A R T R AT o A
50E5%, AT AR I S R0 T BAE A o A
RO R, A8 SC7E X B ARIICT X=300 mm - [fi,
MAE Y 7 o) S RE AR 4 A8, QnEl 6 frs, T
# AR Y, =100 mm, ¥,=210 mm, ¥;=320 mm,
Y,=430 mm.

N ="y
: N Y,
o N N

320 N F/—
I N——— N /,/Yl

210 % —

100RY
NE N

K6 sy b 4 AR s R
Fig. 6 Schematic diagram of 4 sections in the height direction
223 THIRER
ARSCULH AN 5] Z80 M PN R AR, LUE &

SRR A A SRR EE . SR BN AR TR X
A R 0 a5, DA O T SR T ok A
WETH, 7 E F IR A A 4 )28,
WK 6 frs, 4354 Y,=100 mm, ¥,=210 mm, ¥,;=320
mm, Y,=430 mm. [A] 0 5 EOUURITE A Y 1 i XU
(F T B T 1) FR) A3 AT I 400, T 7K V- 8 J 7 1) S5 R
B S AT, W E 7 RTR, IR Z,=560 mm,
Z,=460 mm, Z;=360 mm, Z,=260 mm, Z;=160 mm,

A A A Z

C———— 260
360
460
560

7 K- R ) R R s BT

Fig. 7 Schematic diagram of five sections in the horizontal dis-

tance direction
AL J2 I S T AT 4x4 ARG o5, BT
P8 DX A 64 A 5, KUE I S an 1A 8L 14 9
F7R o
T A5 R BT A X T PR

460 {

—® ® ®
-
110

L—. ® ® o

500
mon(i)ti(r)lrting/ //. O ® @]
P 92.I‘ 92 110
100
| ‘

I8 Y-X i Wl i A 5

Fig. 8 Y-Xplane monitoring point layout



454 H = B

i 43 4%

120
*7_‘ ® L L
120 600
Ll o o o *—
monitoring
point jo
_.\. ® *——

=

120

460

(19 Z-X T Wil o A7 &
Fig. 9 Z-X plane monitoring point layout

M=2x100% (8)

o, Ry 4 I A5 XU A A o 22 5 Vol BT A T
SR BB (m/s) .

BREEAR 5] B MO, U PN XU A
ANE 5T MBI, TR 3 XU 3 A7 2 S0 1 e, 3R
W4 5 B 7 i 2 A Ve Bt B2 ey . I L B
PR AR, XoF 5t 452 20 25 A I R A7 B s SR 2, O
FTVEER, A5 T A 7 - H DXl Py e A 1) 3 B 3%
SIRHN 34%.

3 ERHSHEWR

SR TR MK
NI Y/RVT

1E R AR AR Y B At 3 2 S A, A
S Z [A1IE B Z2 A T 3t DX 38 AT LA RS 31 4038 9
Ay R e BB, AR SO TR AY T
b 35 FEI 52 7 10 mm ~ 40 mm Z [, 55 — B Fi b
ALE LR T55 —HEm s 2k 16 mm(1 f5 5508
W A9 S ), SE AR (BIBE H 5k 4 £ g ) B, B
160 mm, 257 PC T 55 )% 10 mm, 20 mm, 30 mm,
40 mm PULAAAY, 76 CRFF AR S50 R iR e Al
— ST AT T, AN 10 BR, ARSCOER IR
M B AE AT 40 BE 2 AR T g — A, B
500 mm, 5 ELERE 2 JEEH 2 mm,

B 11 BBl 25 3 rh W 7K SF T 1) 4% T L Ao
AR, 7E 8% DX Ta) Py R 7K B 5 1 ok B2 AT
18005 IR IR R T — 3%, BEE PLiik o 5 m 3 i,

3.1
3.1.1

H

spoiler | p /

i
ST
K10 iR B sk s K
Fig. 10  Structure of the spoiler model

2.4
22| —a— initial model
~ —e— spoiler width 10 mm
» 20 —4— spoiler width 20 mm
g~ —e— spoiler width 30 mm
> —a— spoiler width 40 mm
5 1.8+
S
2
o 1.6
&
o}
z L4+t
1.2+
600 500 400 300 200 100
horizontal distance/mm
Bl R 96 B T R KT 1 AR 4k
Fig. 11 Variation of wind speed along the level of different

spoiler widths

BT 1 XU A R Nt Bl 2 38
Kl 12 HrRg g ik — 0/ s I iR s, FER
WA RIVE RS, KGR ZE TS = B ] B B TR
B, e TR AR YE R 10 mm ) XU 43 A B
SNYE], R AZE M 0.6 mis, T JELAEHRIN A 1.1 m/s.,
TERR AL, H ) SRAE 64 A Wa i o5 A0 XU B84

2.8+

g
=N

N
N
T

N
o

average velocity/(m's™)
)
)

—e-spoiler width 10 mm
—a—spoiler width 20 mm
—e—spoiler width 30 mm
- sp01ler w1dth 40 mm

0 50 100 150 200 250 300 350 400 450
vertical height/mm

P12 R[RIEIAR T8 RE T XU e BE Y A2 1k
Fig. 12 Variation in wind speed along height for different

—_
[oe]
T

—_
(=)}
T

spoiler widths



% 05 M

MR A R AR RS B TR R AR e 455

THELAS 7 SR W B AN 5 R, S5 RS 1 PR .
X HE T U AR AR RIS I M A 4 SR T 2, B 4 A
Vi IR/, R N 3 5] R B B = N,
TR FE R 10 mm A9 8 DX 8 AN 3 5] R AL
/N, O 17.1%, A8 55 TR I A5 7Y i 35 5 B R 4R T
49.7% FERNE, KB # RS FE M B AR N
TR, o E AN H4 40 B A BE TG 5 A A T B R 3450 B
AR T 68%, BB i .

x1 AEMTREEEROEERHETRY
Tab. 1 Coefficient of velocity non-uniformity for different

spoiler width models

AN TR AR i IEF SN
PEPRAR L 10 mm 17.1%
PFARFERE R 20 mm 21.4%
YA TEE D 30 mm 26.7%
LA FE N 40 mm 30%

3.1.2 /NP v B

3 el /NI A C 5 P e 1 T B, A e Rt
(14 XU, T LA FH R B3 4 A PR 38 30 3 4 A R
B 13 SR o3 B S AR B 25 A R B R . 3l i
AL, 224 B P 3 B B =60 mm B, XS 40 A6 1)
S AN 2, HGHRE oA o RS R AR A A 3 — B
PRI 3> DAHERR 10 8 P o 5 B2 10 mm, A A1 T
I 1 o DR g B 5 78 1 e R 0 i =
315 K 20, 30, 40, 50 mm PUZH R R 34T %5 H AR AT,
HAWBIL S EE 5 R a8 80 O 4 — 3%, 15,
BENZEEH T T At ol

T—T1
T
F—1

B3 i P A Y 2 Ry 7 T
Fig. 13 Schematic diagram of the structure of the inclined dis-

tribution room model

MIE 14 /LI, 5 BRI, KU TR+
A58 DX 8] P T 7K - 2 A 38 8 A 2 B S e el I 44
T B, L L O R AT — A I, I

BRI K- J7 ) E 0 5 A AT 1Y)~ 12 B R 22 e K
k0.9 m/s, 19870 355 P i 114 DU 2RSS TR 5 A4 T 1) °F-
Yy A KA 25 /N T R AR A A G v 3 P v Oy
40 mm (57N, A 0.64 m/s, 3¢ B k20 3f P4 g 5 JE
A DX 3 A T K T R ) e D 38— 1 B

—=—initial model
22¢ —e-closed eng width 20 mm
—4—closed eng widt mm
— -e-closed eng width 40 mm
20t —+-closed eng width 50 mm
£
218t
Q
2
216l
[
&
214t
<
1.2+

600 500 400 300 200 100
horizontal distance/mm

63 A N T =1 i ol = N b o A D
Fig. 14 Variation of wind speed along the horizontal level at

different closed-end widths

TP 15 AT A, Dol /0 DA S 5 8 0F XU 7 8 JEE
A3 R R RASCR AN  , JFCIXGE  7F HE
JE O3 A 1 005 IR S R A0, 7 TR XN, RO
L JRE TSI A e TR A A T 6, U A 5 5
RS

32+
3.0+
» 2.8 1
\\E/ 2.6}
2
g 24t
2221
)
g 20r —ainitial model |
zZ 18l —e—closed eng width 20 mm
: —A—closed eng widt mm
—e—closed eng width 40 mm
1.6 | —o—closed eng width 50 mm

1.4 . . . : : - : :
50 100 150 200 250 300 350 400 450
vertical height/mm

FI15 A [) s P i 88 T XU e FE ) 22
Fig. 15 Variation in wind speed along height at different closed-
end widths

FERAUZE F v, SRAE 64 A Wil A5 XA 5 a0
THI A TT SN AN P 50 R SR AN 2 R
X U B A TR i/ DA i 5 B 45 SR ] A b
PH S 8 EE AN BE AR G 1t o8 XU AN 35 S B TR 2%
T A ™ TS R — B, HOW R T R4S
8 AL 23 2 R A T/ et PR ity 5 BE AR A A, R AR N



456 H = B % 5 H K % # %43 %
TR SRR RS T 26%, IR (R 2 —
S IR i, RS REARL P R AR 9 5T L - JT |
%2 FEH SR RS R ng,r;j - -
Tab.2 Coefficient of velocity non-uniformity for different jJ ] 4
closed-end width models ,_»:F ————— T
R LB L i AT 51 R 7 = — A
EFPAUFIE ) 20 mm 37.9% CA% 17
FHAH TR N 30 mm 30.2%
BT N 40 mm 34.3% 2 _ 6
EHPARFEIE A 50 mm 32.3% ® [y

3.1.3 I R

TE M 4 1 Ak 5 P AR LX) v 3 A SO A T
UL, TE 2 A B A I AR B TR X, 4
FHF R IR A B S A5 PRI, By
M B Ay BB ) 5 0 S 5O P R T RN A o,
W P 1 7 A3 SR PRI I 00, W A 4 A A M A
T R S B o A IR, 15 R Y
MR TEFE A3 6 mm FI 11 mm LK RS AR 7R 55 ¥ 1/ IS
1) DU B HY AT X0 L Ay, A5 R aniE] 16 B . Mt
P4 A0 1) R S AR B KR — B R
2 mm,

17 AN R RA Al A 0 T 8 IR T 7K - 5 1
Ak, WS E 11 T S ) PR AR B XU T 7K T R
B0 [ 7 A A R s e, S B R A AT FE S L
()5 A48 T )1 380 3 B A KM 22 39 7F 0.5 my/s A2 AT,
1T M W 8 10 i 1) 7 IS 284 7 OIS 0.7 ms; 4 4
AR (1 8 J3E e R AH 25 24/ N T I i A8, 5 HLBR AT R
AR, 4 AR TR FE S T = A A AT A 1 340 1 A 22
ARVIN, WE W A H 11 i St ) 7 LA R i KR 0.15 s,
WS I 7 4 151 5 o ) PR 2RSS AR UL 0.1 m/s, RIS
M 88 A A 0T XU T 7K - ) 1) 38 RS 187 &[] A
LN &

P18 R AN TR RS A A7 B R 5 IR 4 v B ) 72
Ak, FR B AT RN, WS AR 2 e 6 Dy T S, 9
6 mm AR X X 3 A S SR A T A
SAVBERNEE 22, Y1 #E B A R AR 1.2 ms,
1M Y4 AT b A XU S R 7E 4.8 m/s ~ 3.2 m/s, W 5
JEE 7 1) ) B 4 J2 ) L 8 45 3] T i — 25 1R Ak .

PRI ZE S, SRAE 64 A Wil o iy XU B 40
TS T B A5 280, Wk 3 in. W
e 3 AT, BRES—AMEHLAR, S 0 mm i R A X
1A B AT i 2 BT, v R A3 A R o AT AR

e
|

nozzle |
baffle — ‘ |
= - %.4
N
T 1

K16 WEMERIHRE R ZE R 7R AT () WP AR 7R 1 1
73y, (b ) MW S AR R 1 101 /5 iy

Fig. 16 Schematic diagram of the nozzle baffle model. (a) The

nozzle baffle is in front of the nozzle inlet, (b) the noz-

zle baffle is at the rear end of the nozzle outlet

2.2

—a— initial model
—e— front outlet nozzle end, baffle width 6 mm
| —A— front outlet nozzle end, baffle width 11 mm
—— front outlet rear end, baffle width 6 mm
—4— front outlet rear end, baffle width 11 mm

—_ N
oo (=]
T

average velocity/(m's™)
>

100 200 300 400 500 600
horizontal distance/mm

FI1T7 - A [R5 IR T 7P 2 A A2 Ak
Fig. 17 Variations in wind speed along horizontal distance at

different baffle positions and widths

TR DA W A 2 i 222 07 184 1Y 100 i, 2P 11 mm,
B B R R A R By IR IR, JF HARAS T
A58 DX SR PN )8 JEE AN 29 20 2R 10.4%, AR T IR A8
BURETE 69%. X FIEIHEAE"" BFFEIEML, W A 1E 1
PR AR AT T AR I P A, A AT Y
T SPGB B — 2P 0, TR UEA U058
A

i3 b AR IR SRR 3 Al i 7 R A AU
O AT, B AT B RE T o0 Bl = R H R



T RERRE S NS TR A ik 457

3.0
=25t
@
g
L
i
5 20+
S
[
>
5}
é‘) 1.5¢
54 —=— initial model
< —e— front outlet nozzle end, baffle width 6 mm
—A— front outlet nozzle end, baffle width 11 mm
1.0+ —o— front outlet rear end, baffle width 6 mm
—&— front outlet rear end, baffle width 11 mm

50 100 150 200 250 300 350 400 450
vertical height/mm

P18 AR FE R 0 R XA T e E AR Ak
Fig. 18 Variations in wind speed along height at different baf-

fle positions and widths

R3 TEBEHITEREERH SR

Tab.3 Coefficient of velocity unevenness of different nozzle

baffle models
ENELL ERv e AR SR
TP A T TS, S8R 6 mm 38.6%
TS PR Tt R, SEEER 11 mm 20.8%
SRR T F R, SERER 6 mm 16.2%
TS PR T 1 PR, SEEER 11 mm 10.4%

SN GG BE D 11 mm BRI AR . 5] 19 K
TS IS R A A A T Y 1 0, S8 11 mm
1938 BE AT 2 14

3.2 ESIRIEIEIE

AR S o DN A I RSN AR P A
e KU, DA RN A% IS A8 T Sy B o T, 7E
LS00 S 3 == TN o
Y,=120 mm, ¥,=230 mm, Y;=340 mm, Y,=450 mm,
JF HAE R 2 00 V- T A 33 A R A, )2 D
SRR B RO E AR E], SOH RS 1-9 ARiR, B
AT DB N 2 A 36 N AR S A E AR
THREIEAT X L, LAt Ot 96 TE BB ASE 400 A R At 12
FEIRE h, F2 OGB4 N BRI 3 1Y 23 A 1
O, 130 ] ) DX 0 e IR SO s, > 0 Y
IR T 30 s IR E YD EAH, S &S00 i 0 B
L AE

DRSS (1) A 4D 1 33 R 0 T L 1% A X a3 22
AT,

R -G,
9
R (9)

S e B i AT A A R S R

.

(a) velocity magnitude

=
o

Y

)

(b) velocity magnitude

=D WWARALS
nohououwouououn

04 d
z X

P19 AN R A B A = . (a) X=300 mm b4 T
PRI S A 2 P, (b)Y il 5w 4 AT o B2 A1 2 K]

Fig. 19 Add cloud chart of nozzle baffle speed analysis. (a) Ve-
locity distribution cloud diagram of the section at

X=300 mm , (b) cloud chart of velocity distribution of

four sections in Y-axis direction
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Tab. 4 Data acquisition at monitoring points of each section
1 Y, Y, Y, Y,
W BEEEE m/s SOEEE mvs BB nvs  SEIUEE nvs BEREOE nvs SEONEE nvs BB nvs  SEIUEORE m/s
1 2.69 2.52 2.47 2.31 2.71 2.54 0.91 1.10
2 2.04 2.13 2.54 2.42 2.72 2.64 1.08 1.20
3 1.83 1.72 2.45 2.51 2.48 2.32 1.2 1.10
4 2.41 2.23 242 243 2.90 2.86 1.25 1.33
5 2.09 2.21 2.64 2.75 3.13 291 1.58 1.21
6 1.86 1.83 2.48 2.31 2.96 2.93 1.61 1.54
7 2.68 2.72 2.82 2.72 3.06 3.11 1.13 1.13
8 2.14 2.11 2.67 2.63 3.08 2.81 1.11 1.17
9 1.90 1.81 2.38 2.24 2.79 2.62 1.08 1.03
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