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Parameter study and optimization of new type of fluidized bed
chamber and airway structure of powder tank truck

XU Wei, ZENG Yishan, YAN Hao
(School of Mechanical Engineering. Hefei University of Technology. Hefei 230009, China)

Abstract; Fluidized bed is a key structure used in industrial powder transportation. The traditional
powder tank truck is a fluidized bed in the form of fabric bag structure. The small air resistance at the
entrance leads to the fluidized dead angle at the end of the fabric bag, which makes the powder surplus
increase. In this paper, a new type of fluidized bed structure of powder tank truck was designed.
Based on Taguchi algorithm, 16 test schemes were designed for the structural parameters of the cham-
ber and airway of the fluidized bed, and the orthogonal tests were established respectively for their
factor levels. Numerical simulation of all schemes was carried out with the help of computational fluid
dynamics (CFD), and the velocity distribution uniformity (v,, v,’) obtained was taken as the re-
sponse. The response was analyzed by Taguchi algorithm and multiple regression method. The results
show that as for the chamber, the partition gap 6 (A;=11. 67, r=1) has the largest effect on the sig-
nal-to-noise ratio(SNR), followed by the partition ratio K(A,=6. 07, »=2) and the chamber capacity
V (A,=3.58, r=3). As for the airway, the airway arc length L(A, =6. 41, r=1) has a greater effect
on the SNR, while the airway height H(A,=1. 68, »=2) has a smaller effect on the SNR. The best
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theoretical fluidized chamber parameter combination is determined as V=0. 15 m*, K=0.5 and §=

3 mm, and the airway parameter combination is L=180 mm and H=17 mm. Multiple regression a-

nalysis verifies that the error of correlation formula for predicting the velocity distribution uniformity

of fluidized bed is small under the action of multi-factor coupling.

Key words: fluidized bed; Taguchi algorithm; regression analysis; optimal parameter; computational

fluid dynamics(CFD)

0o 5 5

e - PR AL AR S — b2 BT T Tollobs
BRI A RES BB R S LR B AR B . i
BRI S AR R 48 A i AL R - (A A R
PR L B B T A R R R A
— JBCR AR B - AGE 3 i DB TR S R i
o HRTRRIEE R A A AR A M L AR RHAL L
RORAHAR AL BE DX T AR B RH R A 3 85y 45
[l RUATS i 24075 By A A T

KT WARAFER IS A [ 28 C I E 2
BIFFEE ) D AL A PR VL A T P L o 2
PCPR IR RE A AR AL P o i 1) S B P9 2R [ e

SRR 3 T AERCR IR R R A
TAC TR LA 25 Ry S M AR A1 12 114 5 e [N
B o U A PR T B R i AR 2 5 WAL R 2
Zy BRI A A IE IR AR A s 2 U AL IR ThT B
I PRIZRRE S UL Hh B AT 3 A7 AR I WL
R E YR EARZE T BOR W o) B )2 4 IE
AR o L T4 e A AR R 28
RCR RGBSR AR 5 A b ZEITR XA ka2 i
UL PR PN IR AR BE 20 A 2 S PR A

H AT I I0 AL 75 85 A 1 A 3k  IE AR
FRAETS . SCREO PR B ORI T REAL S 1 A
BRIT AT (9 FE 105535 0 T 0IeA 22 A i e e AL
189 7SR e S P S AL L S B e /) 14 il T
ASIE Bl L AL e R R AR R ) 38 R R Sk 10 ]
i FH HRE N Z o0 Bl — =S < o3 B
HMZESEL TR T A5 S B R TT % O
TIEIM BHL 7 28 05 SCHRL 1L 1 R A o e i) 0 B9 i
TI RO MTURAE Z LA iR 9§ B L 23 A1 e
BRI T AE 2 LA B A% e i) st 35 I [R] A
1075 ~10"" s AL [l P 5 SCHR L 12 6 BT 0 503k i
P2 B R R S AL K S s Rt L A
A 2 S i A DL Th A R B B B
P T 240, AN BRI A . DA B X 2L %)
183035 1) L FH DA A S B A AR T A S A1 3%
SJPERRBE T IR SERY

N1 N | I = R NP
(computational fluid dynamics, CFD) £E {43154
15 FLATUER A 7 5 R St A AF 98 UE BRI 7 s RE A 1
BTN AR SR SCikC14 168 CFD JF
BT — AT RAGE i 2 R LT AR A i 4548
HRRORE ) S BNL S ARY Bk T 7K P S
Jy%k Hp UL RS 18 70 A 58 4 AN [e) s SCRRL 15 1]
CFD J5 ik, LVRAR SR ik b1 kL, 64T 0 %A
nikaalme s fh G A B T AR AR A L AR/ [ A
R S TS 2 RO A I e AT B A AR Ak SOk
[ 16 J7EFARBE LA PR AL i BL il EABTE T 0UR
J& 2 AL R i ik CFD BEALL 1 [ 78 TR S
Z AL BT SR T Bl AU R 5 5 PR R )
G SCER L1715k 2 L4 it Al CFD-DEM
2 T 77 AL, — Tl B iy g R S ROK T R L
SRR 2 Ty A AL AR KB ]

KT WACK I S P A 1 2 090, SR 18
oy iz i ST, i v VAR R N AR o3 A 2 A Ty
TET PR RIS E A8/ 0 IR Ut A R AR R 45 1 X
ARSI AT REE o PR SRR 4 A0 AR Sl B
FEXFGE T H ASE BT 1 16 Fopi A Ak
IRAEMTIELSEOT S W E T N7 22
S5 R ARG S HO0 I R 2 3R T &S
B TTIRR M B AES B G . MR RR ]
R G RALR S I BT S %

1 HEEERURKITIERE

LG RriE 2 AL R R F A AR 4544, U] 1a
JI7 » FS i SO B A A 492 e A A AR T )
A48 AT AR DU R PR AL I - 1 A AR BT A
BEAH ] o PRI He 4 M (o 58 3 0 7 2 9 e
FeBE AFACRS » AT ARA S A AL U R LA » 7]
IS AN AT 2 X8 JFC A3 el i i 1) AR A AN 3
21, A FE AL AEIX

BB R PR AL R A P e s T
—Hefat . RO LIRS 28 e AL AR Y s 4 AR 2t
B [ RECR K B U R L LE N IR A
1ol B PR 22 b T RG24 A B A T A



% 6

L F AR R RANRAE R A SNSRI TS SR 745

5 AT AT I DX O AR R 2 AT B RO
ABPEVZ AR A A i 1b R, (ks
R SCE Bz AT T A B A TESE X Ah B AR 43
FE DX TR AR SR/ ol AL SRy 42 2 11 0 SEIX I
B 6.

(b) Bk R LR
B 1 #EEmRLREaEE

TACIR LR SIE Y 5 Moo A 7 RE 4 a3
IR E il TR RS S A D5 A L g
25 UG 19 e U AU BUR TRE R
TEA AR s AN ] SE Ak 1) A3 B AT SR AT A —
FE 025 53 BEMT M BRSO . It
AR SR A ) 06 5 AR 18 3 A R X G- 2
JRE A 12 AR R A oAy AR 1 T JBE AT 4 S 1 A
/I AR R T JRE A R R G g R ) i 5 A
JEBSATG o T S8 B4 S VT, RTE A T AR R REA T )
B A 3 S PR IR 5 -

m:/%;m—mﬁo %5

, 1N, o )

Uu_JnZ%m—w)ﬁo (2)
Horr o, o) 3 B ASCTE A T RE F Ak T R e
ARSI s s v A3 B AR B A T AR
TEALTE V- TR s a0 i’ 43 ) A B AN SGE A T Ak
AR A2 5w AR JE D E AR
- R T s A AR IR B EH .

2 HAZFERR®RITSHERY

2.1 HAFZEMRERIT
P 0 SR 2 I A I B Bt 2 S BnT 3%

SRR R 7 L S o T2 gt Tk 2
—US Efeg A R TR RSN F
PP REAH L, FH A3 o v 1 % A AT B
RGBSR S HEA T, DASRAS A
IS EALA NIRRT il il DR A9 A28 AL X 2R
BRI

AR SR FE TR A3 R AR R S GE A T A B
AY AT SBT3 1) 45 K4 52 ) 2 R ARk A T ) T
G35 2 TR 53 (R 235 K R 25 e A DR 1 T Ak
T R TERA T i AS TR 45 44 2 B0 2 e i
FRREIA 5 43 0 A0 28 R 3 4 1 4548 S 8001 T
HOE R &, RIS AT 44
Ci7 S

(1) WA MIxT 4. A SCRE L3 FUE 5 #
LT 2 A-EF %O AR EMER
SRS RO AR IR N SR 3B 43 A 38 5 M 1
Wi s @ 43 BT AS 7] 45 46 2 50 1) BT IR 1 2 454 =
B G .

(2) WM R, A SCHEE o, Ao/ FE R
P (A 7 38 5 CFD BB A0S H 4/
B A AL AL T A w A (D R
() I RAFR AT ZEM v, Ao

(3) i AR LHOKF . AR E SRS
2ot AT BRI R B b HUR A R
T AR SR 3R ) S IO TR E M E5 5
%, KEBBEI VK & 1E KA RN
AR TR B Sy AR Y S M G B R R AT 4 T
WE 2a s, He .V AR E M IA AT
KN K AR A MR E S = 5 AR ER T
FUAE 0 S BRAR b ot 38 ) B 26350 4 5 R0 % L B T
MR, RESEWS IR K EILE 1
fi3.

() ELH

L
(b) it
H2 SERNSEEH



e AT K 5 AR AR

746 %

R1 SESEEWSHREKTE

e K

V/m? 0.19 0.17 0. 15 0.13
K 0.5 1.0 1.5 2.0
0/mm 3 5 7 9
L/mm 180 200 220 240
H/mm 17 19 21 23

TR S ) 235 K 2 JOR 3 i U A T A
BETT AT SRR KN 2K O 1 e B AL PR
LTS EON TRAL PERE A2 B 2 I e H
FIATEINK L 3% 2 A G5 A 450 S 5047 404
Wk 2b frzs . Bk i R L BRI K P I
* 1Prsl.

) PEFEIEMIES S X TR U
= PR PGP 1Ry 58 A8 G Y U5 i 2
HEAT 64 YA A RE 4 11 73 B BT A7 TR 3K P Y
N s T AR AR AL T — b T 1E S B 4 A 1l
J7 ik AN 16 YR Bl 4 5] R A R
s A R TR R . e S 1 =
R MUWKFIESS RS W3 2 Frd)

Xof T B HA T IR B D R (91 T 6
[l R A3 B DV Bk SR I A IE AL B8] . A A
1 PR 2R PUOKP IR AL R3] DL 2 i)

R2 SENSELMSHETRBAR

E B
Aoass
V/m? K 6/mm L/mm H/mm
L1 0.19 0.5 3 180 17
L2 0.19 1.0 5 180 19
L3 0.19 1.5 7 180 21
14 0.19 2.0 9 180 23
L5 0.17 0.5 5 200 17
L6 0.17 1.0 3 200 19
L7 0.17 1.5 9 200 21
L8 0.17 2.0 7 200 23
L9 0.15 0.5 7 220 17
L10 0.15 1.0 9 220 19
L11 0. 15 1.5 3 220 21
Li2 0. 15 2.0 5 220 23
L13 0.13 0.5 9 240 17
L14 0.13 1.0 7 240 19
L15 0.13 1.5 B 240 21
L16 0.13 2.0 3 240 23

2.2 H{EE
2.2.1 HERBREDFLEMS

KT IR IR R E A GE M E5 S B R
TE N VAR A 1 3R S A 4 S VAR 2 A 7 s 4
SRR B PE G R e, X 3T O BT

16 A L= MBS R RE TS . ST
IR 3 PR, SRR 2,34 m/s Jit
UL T 9 kPa @RI . HREE S
ZE/NT 1070 HHAW AR S i3 22 /N T 101 )
PAA R3S S BB S 4 R A 2

B3 AtEXE

N T FLEE R B e BUR TR S PR
AL AR IE B2 8 AR H T Kb i
NEANRIZE . D5 B 2 AL = 0] LA
SUEA AL SR —E 3 ULy A AR AL
RAE Y TUARA 2 R TEA AR St B e
0 ECHE AR 2k » S B0 AL IR P i U
SR RE FEDIH 2K » 017 L 2R S 5 S B O » 355
TOFEAR M H AR T
2.2.2 F=HlHA

Ty e 22 A PRI A e T Sy TR AR 52 B 7]
AL RNG ke i AR N A T2 HOR 8
vy 1A P R T S92 o ) R A i A TR . A SR O
RN

BEEAETTREN -

L7 U =0 (3)
TN
WU L7 U=V - (uy 7 1) =
— VP Ve ua VOB ()
it WK S B RE T A -
20k | o _
N + Vo (Uk)
v-{fﬂ+ﬁi)Vk}+Pk—pe (5)
i W AE BRI BN «
Koo g (o) =
dt
e £ _
7 [(pt ) Te [ £LCaP — Capel 6
W 2 B0 A B 43530 -



% 6

L F AR R RANRAE R A SNSRI TS SR 747

y2 - C#‘Okz/€9
P =V U« (VU+ VU —

2T UGLT Utk + Pa.

Her. Gy = 1. 42—,7(1—77%)/(1+37f),c52:

1. 68;C,=0. 08530, =0, =0. 717 959, =4. 38; 8=
0.012;9p=Sk/e,S=(2 D;D;)"*,
2.2.3 MAETLKMIEIE

ARSCAE B ICEM B4 5 31530 DX 3k i 47 o9 45
K153 Gl 4 JeoR s R 1 IR AR ER XA R
BISEME, LV S 0.19 m® K 25 0.5.0 25 3 mm [
AEML H 180 mm.H 5 17 mm A IEIRLE L1
SR AT AR TC OB UE AR T 5 R A
[) P A R 53 T 1 o

EN R =[(x,—x, ) /a} 1 ]1X100%,x,
K55 m WA A S VE A R K 3
G, HFEIFHL RIS E 2L v FHET

0.001 832, R*=5.596%.v, FFET 0.000 445,
R =4. 89700 A 5SHE 3 M, v, THET
0.00 367 .R*=1. 868%, v, FF& T 0. 000 185,
R=1.396%;: 55 5 HE A MW, v [UFRET
0. 000 095.R*=0. 134% , v,/ fUFF& T 0. 000 069,
R =0.249% ., (AT M2, i oA
BRI RIG I . BRI 2565 2% SR R] jiAS Fh ot 5
K EE  BEFH T8 4 W RS B A T BT AR

B4 HEREMEE

R3 MELXEEIE

S [EIEE 4 KEAD AT
HE il EZiRI Uy R?/% v R?/%
1 549 731 1109 434 482 816 0. 005 291 0.003 128
2 827 196 1 362 560 629 215 0. 003 517 11. 242 0.002 011 12.752
3 1013 825 1787 513 803 624 0. 002 685 5.596 0. 001 566 4. 897
4 1 407 562 2 159 920 943 260 0.002 318 1. 868 0.001 381 1. 396
5 2943 513 5076 348 1446 014 0. 002 403 0,134 0.001 312 0. 249
A S R R R 22 (5 LLiR B
3 HEROW

R LR BAE AT 3k 7 BT R AR <
PR Sl AN R A 0t (D 2L (2O 5 4%
7 GE  TA 03 T I AR 1) S RE A 2 2
P, W& 4 sl

®4 EESHHAN

e v )’ R Ty v’
L1 0.002 318 0.001 381 L9 0.006 967 0.003 184
L2 0.004 091 0.001 465| L10 0.010 132 0.003 559
L3 0.008 586 0.001 819 L11 0. 003 608 0.003 013
14 0.017 253 0.001 793| L.12 0.009 163 0.003 328
L5 0.004 132 0.002 4841 L13 0.012 405 0.003 041
L6 0.002 159 0.002 735| L14 0.011 390 0.003 112
L7 0.011 104 0.003 043] L15 0. 008 169 0.003 461
L8 0.013 865 0.003 126 L.16 0.006 174 0. 003 859

3.1 fERREES AT
TE VR 7 B A A 2k R RO e
A5 e L R M) A5 TR L R 50 RT LAf  0  (

FRE SARMEZE 1 LU AE 2 — A B Rl M i 24
AR SRy T AR A 1 o oy AR L RIS A T AR
T TR AR I AR 1 R R A A 2 S M e/ N R R BN
Fpth: (small the better, STB) B9 7 B 34l » ik
{ERLE —— 10 1g<%2y?> <)
AT B3] b AT B 3 1 o 7 4
WA 155 V K .0 3 MR ZE A KRS
N T A A S B 3 A 250 P 0 A TR B e N D
2 5THL e Ay AT BB AR M L2
M 17 {5 5 /1M W LGP Y (B 2 2 . 2 SRR
oA, =11, 67, r=1) XF 15 Mt Eb 19 RN d3c K
KA, =6. 07, r=2) X {5 M o 5 800 IR 22,
V(A =3. 58.r=3) {55 W& L (8500 B /)
VK8 3 ANEZR K- BB B 0L 6 B
i Ay SR I BRI (- B A



e AT K 5 AR AR

5 46 %

/N Y AR 2 25, S5 R R 04, =
9. 159X 10 ° .r="1) X} H{E A 3N e K, K (A, =
5.158X10 °* .r=2) X HMEM NI Z . V (A, =
2.067X 107 .r=23) XJ HA{EL B B4 0 Fpe /N o 3 3 Xof
150 bU B SRR I (4 53T « PEAS SO AR S 3 1 45
FIZH 0 XA RS TE A T A i 1A H B 40 A1 34
SIVE v, RS R HUOR: KLV 525/

&5 fEMREEMERL

IKF- \% K 5 L H
1 40. 74 45. 41 49. 76 55. 90 52. 39
2 43.16 44. 96 44, 49 50. 95 51.76
3 44, 31 42.76 40. 12 49.72 51.19
4 44, 26 39. 34 38. 09 49. 49 50. 71
A 3.58 6.07 11. 67 6.41 1.68
H#k 3 2 1 1 2
F 6 HEMR
K V100 K/100% §/10°3 L/1073  H/1073
1 9.534 6. 456 3.565 1.615 2.523
2 7. 468 6. 943 6. 389 2.847 2.718
3 7.815 7.867 10. 202 3.271 2. 834
4 8. 062 11. 614 12. 724 3. 368 3. 026
Az 2. 067 5.158 9. 159 1. 754 0. 504
HERE 3 2 1 1 2

W FERE AR S HOL X 2 NMHEESD
TKF- A A5 e L i by L3R 5 8], G5 R R L (A =
6. 41.r="1) X {5 Mg L RN B R, H (A =1. 68,
r=2)XHEME LR A /. H L X 2 NREE
AR B 1 DL % 6 BB, 25 SRR B LA, =
1. 754 X103 r=1D) X {HEHBBN R K, H(A, =
0. 504X 10 * . r=2) X BE RN BN FIL . 78
AL R AIE LT S50 L3 A R 4k 1w b
TR B A B 51 o/ B SEmg Kk, H X
M /N
3.2 FEHMESFTIRMKSEEF

WAL PR B 45 F4 2 B0 e R 2 3k X Y {E D
(LA AR VT I LR I~ S P N
IR BB A 45 S R0 M L 25 51, OF DL 3=
SN AT O R 159 3045 A S 800 o R
S 1) 25 b SR B D KT ) 3 %

VKo 1 S5 (A0 45 M b i) 32800 [ 4 18] 5
FiE7R s H L SRR e b iy 320007 B an 81 6
TNo ARSCRA STB 5P fE e L, R 354 32
BN P R AR /I A5 %o ] B A A 1 TE IR B R R
SRR/ ST I 1 A T AR AR R K A I

LA e b T2 2500 P P A B AL A % o7 e AR 4 A
M & L E M RGNS A EG R V=
0.15 m* . K=0.5.6=3 mm, 5,8 W xILE S
B4R :L=180 mm,H=17 mm,

U] R 2 X6) BT A R 5 A 1 R T S A [
B s RO AE 000 o 8 17 bR R, 2 200 gl
FRE

0.013
0.012
0.011 /
0.010 /

Z0.009 \/ /
= /
0.008 /
/6

0.007 -
0.006 T
0.005
0.004
0.130.150.170.1905 1.0 1520 3 5 7 9

Vim? K &/mm

(a) B EHNVE

a4 \
L 5
42 \
\

40 %

380 . L 1 . . . | 1 !
0.130.150.170.19051.0 1.520 3 5 7 9
Vim? K 6/mm

(b) L
5 VK. HHIE SR EH R E

/

0.0035
0.0030

£0.0025
S

0.0020

0.0015

9 21 23
H/mm

180 200 220 240 17
L/mm

(a) BMHETEHVE
56
55
54

353

@
51

50

9 L L L L L L
180 200 220 240 17 19 21 23
L/mm H/mm

(b) fEMELE AN
B 6 L.HHKHESEERLERMLE



% 6

L F AR R RANRAE R A SNSRI TS SR 749

PO 5 P 6 % DR 3R B R R e e iy
ROV BT B VK6 R GEE o 1Y
H L #RAFAERS 25 A5 MW A SOR ) 25000
HErp S ER A3 o R LAY il 4R AR R OR L R0
B A, KOO 7 il 2R A R R UL VRS 2R R
i/ BN SAEFER Y LA RO RAE
BOR X R P A S R BOR H Y 25800
BUN R BRI AN L AR B
o e 2 P A RN X3 o0 o S LA © A K
X 2 SIS R E R SRR LAY
Pz
3.3 {SMRLLIREE S

A 7 5k 2 P T A A S AUl R 45 SR 2 75 I

. FR2ZEE AR M IESHER R S HAEE L H
J5 VR S50 L 20 B » A< 3 AT 15 e L A Bk 2
FIGNEE 7 18 8 Fim. 5% 25 1Y 1E S HER AT DL
TIE {5 M ok 22 2 75 0 AL TE 2500 A » 5% 22 110 1E 254
R T L O i B R A R A L
UL R IEA I . SR ZE M HLA (A R T LSR5k 2%
S EA B M LG (1B TP A S BT 2
A FE AR W o » R A 8 EL AT R A P B AL 0 A
PE. BRI B 7 B AT LA WA R R3S 4 A
LA 0 B AR 25T DRI AN A7 A S 0 500
5% 22 1) 5 0Ly ) S s ] v ) 25 L 8 v 2R B AL
Oy BRIEAN R HER R B Rk 25 B R AT
M7,

3 0.8]
0.4
2 i
= -0.4
0l -0.
-0.8 -04 0.2 0.6 08 5 10 15

3 AL Gy
© (d)

T SERFRILKXEE

99 0.8 %
= °
90
S ‘ 0.4 - . °
K50 UGN o°
; fiiad ® .
10 -0.4 o ©
1 -0.8 d
1.0 -05 0, 05 1.0 35 40 45 50 55
B 7z A
() (b)
c\°99 1.0p o
590 L0s e ‘e
&R350 E of ®e* °
i = ° L]
-0.5 Y

[

-1.0 )

%

1

-
]

2l

r

-1.0 -0.5 0 05 1.0 50 52 54 56
e A1
(a) (b)

4 1.0
3 ay 0.5
BN
2 X 0
1 -0.5
0 -1.0
-1.0 -05 0 0.5 1.0 1357 911131517
7% M UAEL NG
(© (d

B8 SEFBRILEEE

3.4 ZL&MEEEFSH

N T ERE IR Z N R RS AE F R A R
1 A3 2 A 14 23 P R 52 2R P 22 o0 4 Pk [l
TR AU G5 AL B 5 e B H S i G R X T

D) IR
v, =— 0. 002 01 —0. 020 3V +
0. 003 28K 0. 015 646 8
v, =—0.004 82+ 0. 000 028L +
0.000 081H (9

M LD KPS R RBTUE o,
5 K0 BUEARSE. 5 V BARSE  o B L FH
ARl N T/ o DRI S R T A5 20 50/ 1) 3 B2 3 A1
Yo AR B BRI K H 6 BRI
V., RAEHER G RS FEE/ N LA H L X5 Ead
LI T A R —2

PO AR FDLAT 21 Fr) 3 82 A7 249 2 5 T
SR A 1 10 T B A 1 2 1 45 3 U 5

RSB BEAE 9 R .

HIE 9 T3], o, KBTI ZE R 5 80
(ERHULI 2 R e KR 22 AT 16. 85000, e K
WREANH 18.39%, FHZH R EIEN T
POPR AR S J3E A3 249 2 1 1) B0 S K 2R 25 4K
/N HA B R A

0.018}
0.0167
0.014F
0.012F

&0.010f

+ 0.008
0.006
0.004f
0.0021 ¢

2 4£16.85%

0k, L . . . . ‘ .

0 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
WA
(@ w



750 AT K

FARCH A F MO % 46 K&

0.004 OF

0.0035 4o ye18.39%

0.003 Of

0.002 5¢

e

0.002 Of

0.001 5f

0.001 0, i . ‘ . . .
0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040

EVRERLE
(b) %

ZEMEE

&9

3.5 HESH
A R SRR PG SR T 1 B3 1 L 2 2R

PEAT I3 A L1 O BE B AR SSOR S ik

0.35-

W L13 AR s, o L1.1.6.1.13 4
(EASTAULE SR Tt 5 B 0T P A ol B e 0l oy 2
FIE U0 10 Bk,

NSRS 7 G 30 5V )8 i 4 ke
Byl DA S L1 25 S0E A RS MR B i sh AR
BN, L13 WA st i k. Wik, L1 (B A D
A MTH R Sy A B S RN L3 R

[l st o 11E S N ISR T e STE A H AL
MEAT— VRH U SRS Y Z B ) AR B
FrskaE . L1 JALR A e <l
UNELE PR N N e R N R RS A O = i
BN 5 T Y P A AR MR G P S R
SRR TR AL S TR AL R IE R A AL
5 OSEA R ks R

1.2

1.000e+00
8.900e-01

1.0
0.8
g
S 0.6

7.800e-01
6.700e-01
5.600e-01
4.500e-01
3.400e-01
2.300e-01

— Ul —— "6
0.30F —Rdi2 — 7
— {83 —— {8
0.25r —/Ril4 —— 9
0.20H — /s — IE10
=
0.15-
0.10-
0.05-
04 . . . . '
0 0.2 0.4 0.6 0.8 1.0
glm
TR R 2
(@) L1
el —ill —Kis
0.30r
0.25
0.20r
" 0.5
0.10r
0.05r
(U : : . . :
0 0.2 04 0.6 0.8 1.0
gfm
AR £
(b) L6
0.35-
0.30H
0.25
£ 0.20r
0.15[
0.10-
0.05
0L . . . . ]
0 0.2 04 0.6 0.8 1.0
gém
AN £
(c) L13

1.200e-01
1.000e-02
-1.000e-01
vi(m-s™)

04
0.2

0
12345678910
UE
M

1.000e+00
8.900e-01
7.800e-01
6.700e-01
5.600e-01
4.500e-01
3.400e-01
2.300e-01
1.200e-01
1.000e-02
-1.000e-01
vi(m-s)

1.000e+00
8.900e-01
7.800e-01
6.700e-01
5.600e-01
4.500e-01
3.400e-01
2.300e-01
1.200e-01
1.000e-02

-1.000e-01
vi(ms")

B 10 HERBHLSEERE



% 6

L F AR R RANRAE R A SNSRI TS SR 751

3.6 XIS IGIE

X bR B E SRR A R A T IR g e . Ky
93 B ZE A PRASE R S5 LU A5 4/ N J R A 7 S Brob e )
R E, BRI 1la iR, RSN
@ FEIRITF UG A B DR R G 5 L KRR T 1Y
BT 7EE A b5 @ Jiad 2 AL ] e B B
Ui AR RS 2SR RS S AR & R
i) S 3H S HERRAE 2 A b R BHE e 48 SR Y

(a) R

YER NP IR AL S FER P H A ) — 5 TR R
GENSFTIF UL S 37 Ak R ek B 2 S AR — A 3 1)
HIRH Q) BEEEMARE A LR R ROE L
BT R MIRALAICR .

L1 A L13 B 25 S a1l 11b, & 11c fir
o B 11b B 11c vl %0, L1 &S0 _FRr kb4
HEE L13 Wb, W L1 AL PR i IR i 1k
RO x5 W OSSR —3k,

(c) L1345 5

(b) L1454

11 HIERBERER

4 g’

ARSI FEE R AL R S B 58 % 4 55
R 43 B AL R U Tl 5 S B0 T
T 16 B AL RS H . IF ST TR [R) 2 AKE I
LR . &8 CFD #4177 HUERAL IS 21
B RE A3 A X ST S e B 8 sk R R £ T
[ U 75 Y 08 38 B A 24 50 1 e o R A7 43 A 75 31
WrE5e .

(D) M LA R BN EI D 3 NS5
oA =11, 67, r=1) X} {5 M b B9 %L 07 fie K
KA, =6. 07, r = 2) % {5 W Fb 1y 8% B Ik 2
V(A =3. 58, r=3) X5 M LU IRV e /. RIE
A2 N B R LA =6. 41, r=1) X}HF
M L BRI s H (AL = 1. 68, r=2) X {5 1 L 1Y
BN/ o 45 G5 H SO0 23 A 24 S PE R s el
EHHE I L RN — 3.

(2) TR EI S5 R A EF o PR (a1 B o
() 50N B A LAY B H K I BN IRz RUE
i VI BRI/ SEFR ORI L i
BN AR s % B R R S M R, A e
H ) F 8500 A5/ % i e v A R i /)
L KEF MRS AR V=0.15 m*,
K=0.5.0=3 mm., B RIS A G H
L=180 mm.H=17 mm,

(3) ZILEIE AL REW . v, 5 K6 BUE
M 5 VARG o, B L A0 H AR50 I
/e AU PR A [ A SR A 2 2R 5 A A
AR ZERAFAE R 22 HIRZE BN NI Z N R &
R WAL P PR U P38 2 5 A1 2 2 P B0 S 1k
REEBUN BA B R AR

(& % x W]

[1] AL-FARRAJI A, TAOFEEQ H. Effect of elevated temper-
ature and silica sand particle size on minimum fluidization
velocity in an atmospheric bubbling fluidized bed[ ]]. Chi-
nese Journal of Chemical Engineering, 2020, 28 (12).
2985-2992.

[2] GOSAVI S,KULKARNI N, MATHPATI C S, et al. CFD
modeling to determine the minimum fluidization velocity of
particles in gas-solid fluidized bed at different temperatures
[J]. Powder Technology,2018,327:109-119.

[3] JINY,LUH F,GUO X L,et al. Study on the influence of
different carrier gases on the fluidization properties of glass
bead and FCC powders[ ] ]. Powder Technology, 2020, 376
468-476.

[4] JIANG Y,CHEN Z,SHAO H,et al. The effect of a porous
medium on fluidization characteristics in air dense medium
fluidized bed [ J ]. Powder Technology, 2016, 301.
1227-1234.

[5] SUNDARESAN S. Some outstanding questions in handling
of cohesionless particles [ ] ]. Powder Technology, 2001,



752 SR K FFIRO RAF RO % 46 %
115(1) . 2-7. modeling and analysis of dense phase pneumatic conveying
[6] OGATA K,HIROSE T, YAMASHITA S. Effect of particle of fine particles including particle size distribution[ ] ].

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

properties on fluidized powder conveying in a horizontal
channel[ J]. Procedia Engineering,2015,102;968-975.
JOSEPH V R,DELANEY ] D. Analysis of optimization ex-
periments [ J ]. Journal of Quality Technology, 2008,
40.282-298.
MAAZINEJAD B, MOHAMMADNIA O, ALI G A M, et
al. Taguchi L9 (34) orthogonal array study based on meth-
ylene blue removal by single-walled carbon nanotubesa-
mine; adsorption optimization using the experimental design
methodkineticsequilibrium and thermodynamics[ ] ]. Journal
of Molecular Liquids,2020,298:112001.
LIN C H, HUANG C C. Multiobjective optimization design
for a six-phase copper rrotor induction motor mounted with
a scroll compressor[J]. IEEE Transactions on Magnetics,
2016,52(7) :1-4.
SUN X,MO Y, LI J,et al. Study on the energy charging
process of a plate-type latent heat thermal energy storage
unit and optimization using Taguchi method[ ] ]. Applied
Thermal Engineering,2020,164.114528.
ZHOKH A A,STRIZHAK P E. Investigation of the time-
dependent transitions between the time-fractional and
standard diffusion in a hierarchical porous material [ ] ].
Transport in Porous Media, 2020,133(3) :497-508.
KHANJANPOUR M H, JAVADI A A. Optimization of
the hydrodynamic performance of a vertical axis tidal
(VAT) turbine using CFD-Taguchi approach[J]. Energy
Conversion and Management, 2020,222:113235.
BILIRGEN H,LEVY E, YILMAZ A. Prediction of pneu-
matic conveying flow phenomena using commercial CFD
software[ ] ]. Powder Technology,1998,95(1):37-41.
MIAO Z,KUANG S,ZUGHBI H, et al. CFD simulation of
dilute-phase pneumatic conveying of powders[ ] ]. Powder
Technology,2019,349.70-83.
BEHERA N, AGARWAL V K, JONES M G, et al. CFD

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Powder Technology,2013,244(4) ;:30-37.

GAO X,ZHU Y P,LUO Z H. CFD modeling of gas flow in
porous medium and catalytic coupling reaction from carbon
monoxide to diethyl oxalate in fixed-bed reactors[ ] ].
Chemical Engineering Science,2011,66(23):6028-6038.
SHARMA A, THAKUR A,SAHA S K, et al. Thermal-
hydraulic characteristics of purge gas in a rectangular
packed pebble bed of a fusion reactor using DEM-CFD and
porous medium analyses[ ] ]. Fusion Engineering and De-
sign,2020,160:111848.

CANBOLAT A S, BADEMLIOGLU A H, ARSLANO-
GLU N, et al. Performance optimization of absorption re-
frigeration systems using Taguchi, ANOVA and grey re-
lational analysis methods[ ]J]. Journal of Cleaner Produc-
tion,2019,229(20) . 874-885.

CHEN Q,ZENG M,ZHANG J, et al. Optimal design of bi-
layer interconnector for SOFC based on CFD-Taguchi
method[ J . International Journal of Hydrogen Energy,
2010,35(9):4292-4300.

SHAJT S, RADHAKRISSHNAN V. Analysis of process
parameters in surface grinding with graphite as lubricant
based on the Taguchi method[]]. Journal of Materials
Processing Technology,2003,141(1) :51-59.

{E5% 3K BE PR IE L. FETEIE RNG ke BRI F 42 E B
T OB BB LLT T A R 27 1R, 2014, 36 (10):
101-105.

USTAOGLU A, KURSUNCN B, ALPTEKIN M, et al.
Performance optimization and parametric evaluation of the
cascade vapor compression refrigeration cycle using Tagu-
chi and ANOVA methods[ J]. Applied Thermal Engineer-
ing,2020,180:115816.

(GifEdmE  EIA D

(L35 742 TT)

(8]

(9]

[10]

HOLDER R, BOLLIG M, ANDERSON D R, et al. A dis-
cussion on transport phenomena and three-way kinetics of
monolithic converters[ J]. Chemical Engineering Science,
2006,61(24):8010-8027.
SUNG B N,SUNG B K,BYONG K,et al. Effect of specia-
ted HCs on the performance of modern commercial TWCs
[J]. Catalysis Today,2014,231;3-14.

NEVALAINEN P, KINNUNEN N M, KIRVESLAHTI

[11]

A, et al. Formation of NH; and N2O in a modern natural
gas three-way catalyst designed for heavy-duty vehicles:
the effects of simulated exhaust gas composition and age-
ing[J]. Applied Catalysis A:General,2018,552:30-37.
ADAMS E, SKOGLUNDH M, ELMOE T, et al. Water-
gas-shift assisted ammonia formation over Pd/Ce/alumina
[J]. Catalysis Today.2018,307:169-174

LA WD



