28 1 Vol.28, No.1
2001 JOURNAL OFBEWNINGUNIVERSITY OF CHEMICAL TECHNOLOGY 2001
1) 1) 1) 1) 2)
(1) , 100029; 2) , 102549)
, Kd , -
) (RTD) )
, Monte Carlo
(MCM)
: TQ 052
‘ ’
7 4
] ] ] U 3 b
2
[1 5] 1 1 ;)G
14
1. 2 ;3. 4 5
1 6 7 8. 9 : 10
11 ;12 113. 14
1.1
1
' Fig.1 The experimentd set-up for RTD measurement
, 1 0.476 m,
1.2 m 4 1
Table 1 Parametersfor different combination of
S , disks and ring disks
[} 4 &/ mm D1/ Dt D2/ Dt
, 1 , 3 8 0.6 0.7
, 12 1 0.6 0.7
1.2 8 0.13 0.21
1 0.13 0.21
Kd
: 2000-04-24
,1972

IMESOEL0 ,



. 19 .

(EPAC) ,
3 5

(6] 3 VP
A N I=5 mm
/i q,=1.11 X10™* m’® /s
[ N -8 n=60r/min
& g —e— =90 r/min
/ & —a— n=120 t/min

E(t) X 102

! 0 20 40 60 80 100
/min

3
T Fig.3 RTD at different rotating geeds

E(t),
2
5
_c(t) (1
At ye(t) M
tiE(t) tic(t;)
) 2 o
ZE(ti) Zc(ti)
1

2
EtiE(ti) i
0?= T3 .12 (i=1,2, ,n .
0 20 40 60 80 100

o
He NV

n=90 /min /=5 mm

—e— ¢,=L11X10™* m®/s

—e— ¢,=1.39X10™* m’ /s

—a— g,=1.67X10™* m3/s

E(t) =

E(f)* 10?

Z E(ti)
t/min
(3)
4
, 2 Fig.4 RTD at different flow rates
, . p
, n=90 r/min /=5 mm
ar, ¢,=1.39X10" m?/s
,/ NN
1o} 4,~1.67X10* m?/s ,«;f}({ N e A1
L #=90 r/min s 3 i N —— AT
0.8~ J' W\ X i U s HE
5 L —— IR § 2 7’{/“' \3\ ® S iﬁg v
. | 1 —s i it \\
3 0.6 " . 2RE 1 ‘4’/ f &\Q«\
; X c— / -
“oar p \ i , \\vs\&
0.2 0 20 40 60 “ 8I0 100
___________ t/min
0 1 2 3 4
g 5
Fg.5 RTD at different parameter combinations
2

Fg.2 Comparison between experimenta values

and modd vaues



. 20 -

2001
1 , Pe
, , Peclet
2.2 ,
25
[71
) 20
™
S 15¢
(8] - ---+ k= 5mm
' | — =10 mm
0%=(2 Pe) - 2(U PO ?*(1- e ™) (4) 1o © =20mm
, Pe Peclet , , 05 . . _ . . ) )
Pe Pe 68 70 72 74 76 78 80 82 84
o2 In(n7t)
Pe
Peclet !
' € Fig.7 Comparion of back mixing on different
( ) ’ gpacing between disk and ring disk
n
2.5
(1) - 6 e AT
» Pe 20} — #Ha N
Peclet ) § 15f .
E | "ﬂ--__n_
2.5 Tteegam
— 5=lmm 1or o
20T 0.5 . . R N L I I
- 68 70 72 74 76 178 80 82 84
§-‘: 1.5 In(n7)
£
- ~a
- “~~-~B.-~-ﬂ
1.0 “goal 8
i A Fig.8 Comparion of back mixing on different
0.5 . L ) ) L 1 1 ) . . .
68 70 72 74 16 78 80 82 84 diameter of disk and ring disk
In(n7) (4) : 6 8
, i , Peclet ,
6

Fg.6 Comparison of back mixing on different
goacing between tank and ring disk
(2) N
, Pe
, , Peclet

(©)] : 8



, (3) Monte Carlo
, 6%
' , 4%
RTD [9]
RTD,
Monte Carlo RTD!]
Monte Carlo c— . mol-m’?
D1 ,m
D2 ,m
E(t) —
9 Monte Carlo I— M
n—v Jromin
' Pe —Pedlet
oy — m. st
1.0 Dy ,m
X — ERHR ) ,m
08| | o )
o X o MCMiHEHE o
—~ 06 [° o T — S
A ° 8
b 04r ° o
[ °°o°
0.2 | s )
. . ec0000etamanc: [1] . , ,
0 1 2 3 4 . ,1983(4) :66 72
0 [2] ..
,1994 45(1) :65 71
9 MCM RTD [3] _ . JP,B01 7960274.
Fig.9 Comparion of RTD between experimenta 1979
vaues and MCM vaues [4] . . JP,B01 7960275.
1979
, 16 % [5] , : ,
4% , 1993 ,9(4) : 437 443
[6]
4 1995
[7]
(1) : .
,1962(7) :43 45
) ’ ! [8] . . : ,1984

[9]
,1986(3) :259 268
(2) : , [10] , , . Monte Carlo
; . ,1988(4) :392 400

( 27 )



1 : - 27 -

reactor. Int J Multiphase Fow , 1996 ,22(3) :575 591 [10] DingJ, Gdagow D. A bubbling fluidisation mode us
[9] Boemer A, Qi H, Renz U. Verification of Eulerian Smu ing kinetic theory of granular flow. AIChE Journd ,

lation of gpontaneous bubble formation in a fluidized bed. 1990, 36(4) : 523 538

Chemical Engineering Science, 1998, 63(10) : 1835 [11] Tsuji Y, Morikawa Y, Shiomi H. LDV measurements

1846 of an air-lid two-phase flow in a vertica pipe. J Huid

Mech, 1984, 139: 417 434

Numerical simulation of pneumatic conveying

XIE Zhuo-li  ZHAN G Zheng
(College of Chemica Engineering, Beijing Universty of Chemica Technology , Beijing 100029, China)

Abgtract : It has been shown that modified k€ model can be used to describe the turbulent kinetic energy of gas
phase; kinetic fluctuation trangort equation of granular flow can be used for that of particle phase, and a phys-
ca mode and numerical g mulation of pneumatic conveying have been established. Both dilute and dense convey-
ing processesin vertical pipe has been predicted by usng developed modd. The mean gas velocity distribution,
particle velocity distribution as well as pressure drop have been studied in different loading ratio of particles to
gas. The resultsof the numericad dmulation coincide with available experimenta data to indicate that the flow
patternsfor both phases and pressure drop obtained in the present work are satidied.

Key words: pneumatic conveying; two-phase flow ; two-fluid mode ; numerical s mulation

Experimental and mode study on flow characteristics
in a tank with multistage agitation

ZHOU Guo-zhong” GAO Zhengming” WANG Yingchen? SHI Li-tian? L IU Qing?
(1) College of Chemica Engineering, Beijing University of Chemicad Technology ,Beijing 100029 ;
2) Nationa Engineering Research Center of Rubber and Plagtics New Materid ,Beijing 102549 , China)

Abstract : In a stirred cylindrica tank , disks and ring disks were used to divide the tank into four stages. Satu
rated lution of KCl was used astracer and a gecia system of conductivity meter and computer was used to col-
lect data. Influencesof different parametersof the structure and operation to resdence time distribution (RTD)
were measured. The key parameters to back-mixing were the gap between the ring disk and the tank wall , the
inner diameter of the ring disk and outer diameter of the disk , while the acing between the disk and ring disk
had little influence. The choice of flow rate and rotation peed should have the condderation of the requirements
of both flow and mixing. Monte Carlo method(MCM) was used to predict RTD in stirred tank. The results are
in agreement with what was measured in the experiments.
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