5 6 2355 2 4]
2006 4F 4 J]

SO RN = S
The Chinese Journal of Process Engineering

\Vol.6 No.2
Apr. 2006

—HEFBEANOSHET
AR,

KAW, fERS,

ITERRIR N 1ERE

kLA, EwE

(AL TR SERE, JExat 100083)

B F: R TR MTE A DG, XA BT AR, RE R S KR, M A6 AR
W BT AR NATEAN DAL, ORI A O BRI A BEAGORL ) Ry, O XTSI B I8
%, LBEDCBURER BET . A5 FATAE SE A REBL,  OREIR AR 1) 34 T XA 14t 1 07 78 A AR K

KB WA NATEANDLN, FTE RN A
hESES: TQ021 SCERARIRTE: A
1 @ =
TMATE OV AR PEREOL R g A “21 g
AREETHE AU A O3, W 5| 5 A A T 2, b
THEWNAMEE S TS HFAT T R T MMTE
TREA AR S PR HR SN, OISR, N I IS ) 7 2
AN T AR K LA, AR 200, Xl SR T ik
TE BN 1 &5 ) R A 770 vel 2l X T A R FE A v, A A 3
A1, PRUFFI RS 78 DU RIS ST A . Hefil,  DRGATTE
HITF A N AT A RN AR N 2 e T 38 e ) 22 sk
MSCEREDIE AT R AT N 11 45 0 5 2 A 5
B EE . AEIXELE R, AR BE ) s
il X I 22 Sk R pis By, ROREIR FEARN A il 2
PLFF 7 A defl, slORE DL — 8 M EmE N RN A 5 R &
(3 TR AT Ak O, AR i AL SR P R SR, U
0S5 AR B A e 5 B 78 3 2 A, o W 3 A i
IBIFFEE I, VAR B I Ak 21 78 53 254 2 WTAAAE R
i} o Mozzle , f,«:
Anti-coking ‘;-\*,h

steam
distributor

Amtomization
Space
10 Space of

1~ catalyst
contacting
oil

Catalyst
transfer
pipe

el Pre-lift
Downer  gas distributor
L

@

XEHS: 1009-606X(2006)02-0173-05

JEBL DUEA T AR Rl i M A 454, PRIk
JSURHITR 78 20 25 AL R R SOR M A, E BT T
SR AT s 0 RO JE (150 A

2 TATE N G A R
ATARBE I T AT A 45 H B 55k

A dls, Wil 1@, Feh M MTERL, —#FZ
)R e SCH R, T AR T, 2 asial
N s SN s oy ]l L P Y S T T
N KV (K25 8] A ST AR B A X 3R 38 2 1y Wy
Zo A S A0 2225 A S LR UE SR it g 1 AL 4R T DX
IRz L, e b Rl g 21 2 BE L 454

FEIXFP AR R, PR AL AR A A T N
B, EHERT A N BRI BRI an R, 5
MIGTHEISEN (K sURRb AR A, SRR R e N AT

Gas 7ie - Main gas
distributor
Enclosed
space
1600 mm
Gas
distributor
70 mm
Downer

(b)

K1 TTEANAEHY
Fig.1 Inlet structure of downer

Ui H#A: 2005-02-26, f&[E HER: 2005-07-11

EFEIY: RNHE@972-), Y, WWARAELEN, W4, TR, AFEAZEETZE TRIIRSTF R, Tel: 010-69725150-2315,

E-mail: btzhu2000@yahoo.com.cn.



174 U = I

%6

PSSR B S5 AR ], ORUE JSURRI7E M 1 251k,
A TVER N A0 A5 5 A e, S
FEAR AR ZE. J5URH 28 BT I H IS o 78 93 25 Al
5 AR i 2 s 7R R i, s e SOk 1)
A E RV

SSRGS TH AL, AT BRI 5
AEO AR, BRI R AT N 1 G5 4 R ICBURLY T ) 37,18 5))
FE SR AR, DI = 770 S AT Gy 2 e B 1
WL T AT s 4 ol B RS R 55 ] 3 e A TR T X
(IR /ISR, A ) JORL L S BN PR IS, 5]
D i X ORI PSR ey, PR T XU /N BRI A v
FOEH AL, EBFURRm AT R — 2 ST, fEmiEl
TGP o v 184 0k DX ORI, (LI A ) 386 o 52 2%
7 AT R, ASBEJE R B .

FhRT Gy AR AR A A, DU
AR TR B AR SRS . AT N LB A i 1%,
— 3 THI P3G KR AR Ak DX PRI TR AR, o — 7 T s
OREIE NI AT I U 5 37 )

3 OERKREL LR E

AE TV A FUIX A 45 K T I A B I o, AN
fai Atk an il (o) s ik, AR JsURk i, ARy
ATHART T, [ ARSUR R U AL R P37, kL 2%
Ji 1300 kg/m?®, HEFS 1 700 kg/m®, “FHRi4% 70 pm.

K2 WA Ao b B . % BT
M—BTITE, DAINEHE. JeR oy Sk, T17
AR A WLBES TR, 2 1 A% 240 mm,
B 13 m; T 1 N4E 200 mm, H 6m; R NEE
240 mm, & 4m.

H 70 e g A S U, AR R T o A T

Cyclone

Downer
Riser 2

Riser 1 Storage

tank
e

. .
) Valve
R Valve

Kl 2 sended K
Fig.2 Schematic diagram of experimental apparatus

vhbE, FEAIERN S bR e ST | R R B
e RIS A A B 22 o) (6 1 6 R A, ORI SR v
I RbA B B TR TGN PC—4 S 274 ¥ B
Y=V E/F5e

L H R AL TR N 88 B ) BRI . R
TR W/ E N 3.7, 5.3, 6.9 mis, BikifEIrEl 33.2,
77.1, 107.3 kgl(m?-s), BA5 LM FHLTH R A 0.46 m/s.

4 HEXR5H

4.1 SEVIRIEMEKEZE

W T [E A BT X R BB 200 mm = P )
s Rk S A T W AR B i (R IR 22 5. ARSI 4 PF R
29 200~300 kg/m?, ST FAR 58 57 1 FH £ i s
AT RS, AT E B R, Bk a4
DX PRI PR S22 3 JEAX by 50 kglm®,
4.2 MTEMRENS S

Bl 3 Ky AT s T3 o0 A, BEARRR I R AT
BN DRSPS ) s . AT CAE 1, N AT
I AT 53 =35y, AR —iar, I s
FEER . =Ry, JIuvsin g i n, HEE =
T30 S A, XA IR B A I R AT T
Tl i oA R 2K — B0,

e FATHE AR E N R igd), AL
VTR, RIS T 3% 7 I INEGE ) (18] 7 kT
JIRVLE AR R H T, B LA AT R 0 AR B L4 ot

BN
1200 | % U-5.3mis
L G=77.1 kg/(m?s)
1000 -
éi 800 -
o - ]
600 - —
—
L ./.
a0l |
| .\/ | L | |

0.0 05 1.0 | 1‘.5 | 210 | 25 | 3.‘0 | 3.‘5 | 4.0
H (m)
K3 ATyl gy A
Fig.3 Axial pressure distribution in downer
4.3 TTEBRIKRE S
B 4 S AT AN )l i (07 B A FORE IR S8 (A2 1) 73
A AEN R IOREAR 5 8 At v L BEAR R ) 42 70 A1
AR WIA AR BV AN 1145 K ] LTI R E N R 47
RS, B RN AT N VRl AL E R,



%2

RV — RN LI EERIR A ) 175

LR 1) 2B T T4 HR O DX ORI R A, 3
R DX ORL IR S5 2R W T . AERE AT NI H=0.96 m 4k
FOORLAR PEAR I A3 A C 35T, FF FLRE Al 1) 2 s 1) 19
AT ORI BEAT 1] 4 AT B AN TR A A AR Ak Al n) ey
& H=1.84~3.04 m Ab, FIORLHR 545 ) 2 A s A 1m) JLT- ¢
HA, KR B O 2 e AR B, fEX—F B,

35 @ s Us-53mis H (m)
: ’ sy ® 016

_ G_=77.1 kg/(m"s .
s r s ol ® 036
S 30¢- A 056
= v 0.96
o r ¢ 136
E 25+ 'Y
‘:7) L
2 20t
o
2 A

15+-3

| |

L L | L | | L | L | L | L L |
0.0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9
'R

4 r/R<0.8 I, RURLRFEAELR EILTh—EfH, Sk
TR G ORI JSEATDRT S i, AL B [X ORI JEE B P o [X
RORBELLAELI N 3, /N THRTHE A W I BEIR 5 ol
WRPEILEAE 101, S0 R A7 45 M0RL 43 A1 L3R THi 28
MfsZ. MBS RBOBRRE PO XA Tk
DX g 1) 23 A1 T 3 A AT o 4 AR (R,

7 ©® U=5.3 mis H (m)

r G =77.1 kg/(m*s) —m—1384
6+ ° —e—224

H —A—264
5 —v—3.04

Solids fraction (%, ¢)

Kl 4 TRATEURLR B AR I o A
Fig.4 Radial solids concentration distribution

Bl 5 O AT ORI S i il ) 2 A, T LA
VN it e TR AN B D) P D YA e S 8 0 A NP
B5e R BUR AN R AL,

2.6

|
24| Ug:5.3 m/s

L G=77.1 kgl(m®s)
2.2+

20+
18] \\\
16| —
14 I | L | L | L | L | L | L
0.2 0.4 0.6 0.8 1.0 1.2 14
H (m)
5 R AT IR P 00 53 A
Fig.5 Axial profile of average solids concentration

B 6y FOU R M AT ORI FE IR e, ] A
H ORGP AR [R] I, 2 CEOBOR ORI )
FEUAHER N, AT N I R URL A 428 [7) 43 A e 1
5], e J By BE DORURE IR P A8 A o FEE K.

Pl 7 Ay RSOREAE FA 50 N AT B UL B2 (1) 50, ] LA
Bl FOU A FI, BORLOEI A, ROk
R BURLIEF BN, N AT N I ARROREIR A% 1) 23 A1
5T, AR e B RE DX ORL IR BE AR AL FE /)N,
LV A 1) 73 AT B2

Solids fraction (%, ¢)

RLAE PR BRI R A AR, TR AT R
WA AT AR AN A, ORI J3E 5 vt pi i
TIOR3 At s B Bl 07 B K3 0, ORI 7 ) 11
BEYHG R5E A RER, TATE BRI A oL X 83
5y, fEIEEX B (K 6, 7).

tHFAE TATE PR E RN E 13588, 8K
JREBL, WOROH ST, Ik SR T e AR B
Rk BEAR L, fEMIRIBORIREE T, PSSR R
1 RORE IR FE AR AR, X4 T BRSO i 1 1 s B2
AN, H1E 6, 7 FIAT, AT IR 0 ORGP A PR R
AR R N AT R ORI R, (EL AR AT 2 = (4 18
ZACE R, ANBETCBRIG N BRI Sk
AbBEEE ST T B, AESEBR N v 3 B A

MICHER[ATRT %0, 75 FATE B RER, 1AM
r/R=0.85~0.95 Z [f], UKL I B KB, 171 SCHR[10]
(RIH BE A R ERAE r/R=0.96~0.97 Ab. 2 T FELASLIG
JIT T AT 8 I BE AL (R S8 oy A o0, 0 TR b 386 Jin 42 1)
ML, g wE 8 P, FORIKE RO E ML
r/R=0.95~1.0 2 []. IO S W H HH I 5 55 SCRRAS I,
J5U DA AT BEAE T ASER R (0 R AT W42k 240 mm, 3¢
BR[4] FA77 4%k 140 mm, SCHER[10]0 418 mm, Uk4h
KBRS AR, X th Ui W] R AT & R A1k
NG R N AT 584 R BUSURLIAR B2 42 17 3 A TE 2K
S 1 R [ R AR V(L 1) 67

S B, BRI BE e — AN R R S



176

TR YW

%6

Solids fraction (%, ¢)

Solids fraction (%, ¢)

Solids fraction (%, ¢)

Solids fraction (%, ¢)

4.0

35

3.0 -

25

2.0

H=0.16 m

G=77.1 kg/(m -S)
/ .\-4\.,

L N
U (m/s) A9
—m—37 \ %;
[ —e—53 A \
—A—6.9 \0\\.

15

1.6

1.4

1.2

1.0

1.6

14

12

1.0

L L A
00 02 04 06 08 10

/R

(d)

g

i o\ .Bl—o ./\
L ._o
H=0.96 m

- G ~77.1 kgl(m*s) \/

U (m/s)
—I— 3.7

OO 02 04 06 08 1.0

IR

2.6

2.2

2.0

1.8

1.6

[ ) m

[ o
2.4

Caa
r \
SR WA
L Ug (m/s)

—m—37 A
| —e—53

—A—69 A

3.2
3.0
2.8
2.6

24+ —A—69
22+

N N

2.0
1.8
16 -

H=0.36 m
G_=77.1 kgl(m®s)

o

00 02 04 06 08 1.0
IR

- (e) | |

~ —m—37

H=1.84 m
G=77.1 kg/(m*s)

Ug (m/s) °

—e—53

A

ﬁxA_A\ */A—

00 02 04 06 08 10
/R

B 6 L0 AT ORI JEE D 52 )

Fig.6 Effect of superficial gas velocity on solids concentration distribution
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Hydrodynamics of Downer Reactor with a New Inlet Structure

ZHU Bing-tian, HOU Shuan-di, XU Ke-jia, ZHANG Zhan-zhu, WANG Xie-ging

(Research Institute of Petroleum Processing, Beijing 100083, China)

Abstract: A new type of inlet structure of downer reactor was contrived, which included the atomization space of feed oil that enhanced
distribution of oil spray to improve oil/catalyst contact efficiency. This inlet structure could provide suitable catalyst concentration to
ensure effective oil/catalyst contact and enhance reaction rate. Feed oil contacted catalyst by countercurrent and cross-flow, which would
enhance heat and mass transfer between oil and catalyst. It is found that at the inlet section of the downer, solids concentration radial
profile is parabolic. As it flows downwards, solids concentration gradually diffuses towards the wall until fully-developed flow section
forms. At fully-developed flow section, solids concentration is higher near the wall than that at the center area in the downer.

Key words: fluidization; inlet structure; downer reactor



