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Structural optimization of airlift internal loop reactors and applications
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Abstract: The application situation of airlift internal loop reactors in various fields is deeply analyzed and
introduced through reviewing the research progress of mnovel reactors, which provides referential directions for the
application of novel reactors in the future.lt is found via summarizing the structural optimization methods used by the
predecessors that the CFD method has been used more frequently than the experimental research method in structural
optimization to reactors.In addition,the Euler-Euler two-phase flow model is the main model for simulation research.The
results of simulation study show that there is an optimal range for each structure:the ratio of height to diameter is around
7, the ratio of ring to gap is around 1,the bottom clearance height is approximately equal to the down-comer zone length,
and the gas distributor is generally selected based on the actual situation. Although the structural parameters are different
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in different studies,the range of the main structural parameters is approximately the same.

Key words: airlift reactor; research progress; application; gas hold-up; mass transfer

S F NG I N7 (internal loop airlift
reactors , ILAR ) A2 7F B i [ I 4% S il b & J e ok 1
L | BN e N e R E NS A B2 /W SR VA 8
S A e bR Pl AU A T
TSR A % BERE NI 5 R E IR 5 T BT = A
FE 122, R gsE B B R 2T N FRIE R i 3l
G T 0L SR A B T S A TE R I S AT X 1
SR TSN, 5 SO RN e A LU TR S ) S B e 4 B
Pt SE/N AR S AR LB AR A B Y
PEFE R A AH LT 2R B A% BT 45 4 T BR fE
I G217 AR 38 O R AE 0 A, AR AR AL A ¥ S A o
FHK o BAEAMFTFATREL 40% . ST NG
IS A et 1 BIUBARE I S0 i RT3 I S I i 14 )
R () I S S AR ) U sh X S0P SIRARCR Rk
WAL B RARCR . Bk , SFE X I AE R S b 4%
TESSH &N REFE VERE ARG TE 2 0H [ARH

JrZ BT AT s Tl B TR h il
TR TRAFZA G BRI IR
SN a ke g R (ELR S N s N AR IR I+ 2
%%, EHISHI b, BRARC K FETFZ AR A4
5ok AR TN AR T 2= 200, S s i 3 5 1% 5
Pl A AL (R TSR PR BT P 3k 2 )
AR TN B AE Tl B 5 B O A AE AR
RIAGE, R, M S5 S BT, 3145 5
R Bl 1 AR B, BT H 4R A B RS A S
A BA R,

1 ZHEE

1.1 EAREH

ST N IERR B A 45 B AUdE F X R
B IX. SRS A0 2RI A K 2555 SR &l 1 PR, 1E
AN ST 8 B B 7 b T AR AN () 43k

Y f5 HH#A.2017-09-01 ;i€ [E H #3.:2018-01-28
BHEWH . BHE A SRR 4 H (21677018)

PEB RIS 9K (1993-) , J, B 2B ™ R (1976 ), 53, 1k, B304, 35 20 30 o A0 2 18 3R 58 T 2% op A 10 P OF 52, 3 IR R A, 010 -

81292291, hanyanhe@ bipt.edu.cn,,



. 174 - LK AL L

JIr s B 250 AESS R TR 3 — R D), (R A i
HIAAS LA - PR R 1, AR 3R X 0 O S B 1] Y
11 53 g P S S 1 N RO o o R T
R DX, U R T A 2 R S R S TR
BRI T A BRAH RS AR EEA
BB, SMAE R o3 O 22 B S E HE NS BT 7
TR ARA N BRI, R R R IR RA
BT R B X, R — TR 20 S S L
— R HEA SR WA — AR iR, 55
— S 5ER,

——sEmx J
L E S TREX I I f
il |
T f ﬁnﬁ f

SRUERN)  PRRATE gy,

(a) P (b) FRERT I
1 KRN R &

1.2 RMEREIN AR IR

1 T RN A% 2 LU ) 285K 52 3K B IRER
sl , Jods 5 | AU, s, A LA H ) . e
%, 1 HE AR % A AR R e <o i
ARSI 2 ], T AU AR 22 5 5B
FI B BRG], % T 2% G b A [F] R 5 T U
T AHES A RSB R AR AT U R A, IR ARORAY

WEFETT I, An4 TELE I R Al AR S A

(LBEF 172 1)
K2 FMBERIZSEMBETTIZHMS

mERNERLIT LR
= T o ORI
et/ . TRy R iRy
iH ,  E By s \
(m*- (e (m’- K
kPa kPa e
h™') | TS L W 1+
W= T 3.46
—MrEZERS 6000 30 10 1800 600
ZHES ARG 9000 10 2 900 180
&it 15000 2700 780
—BrEZ T 15000 30 2 4500 300 15.00

5 #ig

(1) AT b R o i it e Aty [ A o 1
S I SR R, 32 32 R T

E38BFE4H

WO AT,

(1) ST+ NIERAE Y S0

TR IR BN 25 AR A A T AR W 245 1
53Tz FAR AR B, 058 3t ik 2% Ok
RN . FETG KA B R RN S RS U A
WIREAR S A 10 2 ) g 4 EL A AR 4 1) Ak B 5 K R
1. WhAAEAED AR S TR N R R A P AT T
Lffb-IR A AL A E KA T2, i
7120 d USRI T SR LPRFIRE] 75% , [RIE} 5L
PTG T BR A MERE N 2. 16 ¢/ (g-d-m’) .

I e A 0 S0 4 AT S AN TR Y, a0
I SR R WA = WA K TR N A . 2 N i)
S ST W R e T R A
SCREAITE YD, BT LAAE K2R 28 b1 5 1R 88 D6 g 1Y
PALLBERE 78 S0 5 P 380 A B DL R 4 Y
ol 21 A AN IR R i B A TR O

1—LED Y8 ; 2— A Y Wi 47 s 3— IR A E  4—IRREE
S—RH 66— AR TR T 8— 1k AT "

B2 SR EEMI N E

(2) W B2 T 253 IO 0T A4 T it R T it 2B A
A A BT,
(3) %7 Bl Il i T2 [l WA R 4 T 4
ke
(4) BB e T 20 R I L T2, R
S5 W BRI ARl 02 T g 22 PR [] e 1 B K — il
HAS T2 GGk T AR A B 5T

225 3k

(1] W08 A IR AR i B Sk P A REAT [ €D R R
TR D TR S 2 HOR SSHSCAR L 2009.

[2] BARF BT LM ORI R S R[] P E
Kig ,2017,38(7) :57-59.

[3] BpR, THE, R AR A Sk i T R UM [ 0] 3R 50 AR,
2016,34(S1) :910-914.

[4] 228, £ RGBS [J]. 46T, 2016,
45(4) :805-803. 1



2018 4 B

&, Soman 45V FFH CFD X S F 6 A 9 = 17 4%
HATHIESE, ¥ HoVE B 5 4% 58 ST+ SO0 A W e 1 4%
(APBR) #E47 L8, B ) S I i HL A /&7 A% 45 J g
i 1% R A, I B BA L F5 09 W A8 PR v e A
AT SR O B G A3

Ti— AR R TR ke B R CO, #E AT IR
A, AR RGRAE R S I ER, S — 07
A Ay SO0 s AR A i R ) VR . DR A 2
HU TR BEA B T W AREIR A H
(), AT AR Ao i R R A B UR GR 8 T
PAEIRIE o

(2) M PRSI NI S

WA OC TR A I 5 AT NG R S #s AH 2
B Y S i AR 8 A, AR HH 2 1 8007 34 i ST
PR S hn AL B AR, £ o i A 2 5 R IR, iR i%
JE AT AP A2 AE TS K A B AT A 7 R %2 7E
HSHFFT S A — O TR S IR
T3 TG BN 25 B TR T 27 1 B % o1 Be i F
55,45 R 75 B AEAE AT DA E S A% T, JF HXHE A
Bf (] 45 B2 24 s ), SE B IE BHAEAE 1 S S fh i
D, Jf 4 3 B A% AR 07 2 1 G Bk X, Wang
SEVOVLE AR ST 2K AR B BN 4 F X DU 3 2K o i
SEYG R B R R I G AR AT SR AR T LA
VLR o ffe o B2 G 1) 2R S pHL ¥ i mi 3 oK, 38
b XTI ST A B s g s R B 5E  RLE
A ERE 5B A E — R RS R X
L R Ry ST X NG I S0 A AE AN [ S5l rh i 5
BEE T — LA

(3) AT+ G I 0 FL fite B L 745

Tk 253 A B K e B R A 2 5
PR ARG K [ s 245 5 % I 7K By it i ks g, AR
Yy Ab R KB ARAL B T4 B Y5 5 7K H AT A Ak R A
Py, PR Re A FR b B A% K v i 55 & COoD,
BRI L AR AR — AN TS I AL 2 24 3 A AR B/
o D BRI AR, 2L LARIG R i AR NS
IRIEATAEBE Kb B S R /N R R ik, 3
S AR AR Sl Ak ] 8 — B LR S B HL b 2 i
— LR R EEEN . BRI F R R
M T PR 2 I e SR FH AL A o 1 =X i A A
TR 36 B0y o A7 A A SRR 45 B Ak T A R
05 N B 25 N 1 B O P T i (| RO TP s
SRT I S 00 2 R A R SRR A 23 A )
AL IR T — Pl A B A B o e R S
i, AL 3 B N A R B A B R B R R A

KEF: SATNABIRN B LR N - 175 -

JELRE T, 55 NAE IR BN #% 14 8 R0 A% o A TP e AR 25
G, T R T AR R R AS BAL R R) RE, 5 — T
TR R = VRIS /KA S T RE J7 Lo i X 52
Prid Jekhis K AT g AL AL B COD 1 K BR37]
KF 73. 5% , (45 KBRFEA K F) 98. 5% ,BOD,;/COD
AR R T 23 45,

W NN T

1—fRIA  2— kA 3— A KR  4— IS 5S— INTEIRGE
6— K 7T—Ra a6  8—1% 2% 11-HA T ;31— K H
S1—HEVERR ;61— HiKHE ; 71— ; a—20R}
B3 A FF A Bk RO R R B

STE NGRS AR G 15 45> 4
I HEGG TSRO BEALCR TR QAT ST UL, S
T2t R TR SERL 7 S 2 SR IR R (B S
SR NS B2 IR RS B B R S,
BIFTEARNS PRI AR SCrPefexd A 1 R s 45 A Ak
BEATWRTE IR FTAS S D Z S IO o R 1) 572 1 A
N A A B R A —E R

2 RREzRREHMMRAL

T S0 AV T 22 R HT A SR RE BRI
HORVPN T 2R 0 S s A TR0, A8 RO
Sy AR P SR RE 4% 3k 1O BE T, X 2 B AR T
R S THERE AR K FEM . FEX SOV 4414
HEATAL I AR b B SRS R B B (H2 Ak
BT A5 17 52 0 2 B b S 90 0] 25 77 A LR AR
A, T AFE R B E R K 1 %% ( computational  fluid
dynamics , CFD) f%) & Ji& , Rl FH 550 3 A4 g 2 4 Xt
ST NIEER SN a2 AT AU E 2140
B BB A R RARIAS | [T, AL 2 32 1
NG R N W SE 2 S S S PN 28 eyl v £
F 75 T PEAG RIS NS FEBALAE B s AR L
IBR L MRS 455 BIFTE K BE 25 1 S B0 B v
e BRI 52
2.1 St

e (H/D) ST A It B0 % 1Y T
RN A AR LA, B R 5 5 e A A) 1
[T T BNRLEE A S e R s Ab BV RE . FEERAEAH



. 176 - A AL T

— RS A S BN AR LT DA KA PR
PG TR, YRR AR R U (A R i
S PIRE S AR b i A SR A AR L, R
AR LB AR R RN S G PR AR K (H R i — e s
FEL B AR T3 R BE AR B5CR . AAAE 1 et fe iy
FEAE L, RS A S T 2 PN A B R N 7 e AR
Fo PRI R B G B Al T AT ST, RIRE L B,
A eI ST G IR S R a ISR R 22 AP
AR FEA 15 V8 R P AT DA SCHE 8 A3 R AU A
L, TH /NG 25 U2 ) R — R 22 A R BB 4L 17
TR LLEUETE 6~ 11 Y5 [N SR #4803 AR P R
AR AL IS S R I R I AR oA 8, T BRI
MR I AR o 7 (R AR AR F O 8 I R B
M AR, I BAE A 2 18 A SOV A
1 B AR BE T R A e S5 A, 6 = AR EE ok 7 B SR
P DRI, 7R B N i 45 A8 A0 A6 T T v 448 LL Y e 4 22
T, FHEREML X Ao 2 R AMEAR
{2520 M (RS T AL AR 1T EL SR T AR AR
2.2 IRPELE

A B B L AT LA RO R AR iR A A [R]
R, W& TS 78,5 L NAE IR SN A N
XTI AR P BE R i rh & BN AR E ELAR FUAEAEAE 1
M EAER X A], 15 A E N 0.73~0.77, 244
2 USRI CFD 28 SRR HE X 52 R i fiE S 50
AISZIN Fp & PR L R 1 B RIARTE IR R i K,
Mg A A AR A AR AR X S R AR
X J52 N7 4 e 20 B4 5 W RN R R AT WF ST, S5 R R
D/D, K, EIHEAR SRR, FREARER
SEHEINJE VN | AR RIS PR AR B A
R o B Sy s i, Jf A, Y D/D,
0.70 it J2 B f vk AR B fef . AT LA B, BRBR L
YRR T2 S50 B A BB R W, IF B IR A
1 AN A X T) 78 DX TR PR 2 B EE T 2 v e g i M RE
T3 A R AE R EAE = S AT L DX TR 2 5%
TVERE= A A RIS MR, BT LAAE S5 A 40 A 7 b e %
A IE I FRB HT 3 v S 1 v B B R X
2.3 KMERE

JC B e B S R A 1A T v 1) s g IS T Y
BB R ARSI SR — SR LA
SR FOSUR AR TR 25 271 A B I I 2 38 00 < i | 5
W EEFRHRAR =S E R, SRR B B
I RN AR R 5 P AR FE X i RAAR 5 i AT R
X, S0 S0 7 B R ARG R, DR G It 7 JBE 6 2 7
AR A & EE R R, X T A A ik

E38BFE4H

] LA RO A BEIX st oL Bl , 4 e 1R TR AL B
R R T NG BR B A% B9 AL A, Chen
A B BT IR B BT R B X B LA (H
H,) BEE AR R3S 0K, G PR BE Iy B S 18 o, 4%
A TRGE , e a s A TR B S 15— E L E N5
DAL i ) 7 e R X S N A AT B B Bl 7 AR TR
I HBAT WU 5370 15 AT LA R0 i S i TR
SBOTEE . ARG 5E A5 R T B — R R A
CFD BERY 54T 25k R 3R 5 484 DR 380 S B 4 T
PARAE B 5 A S I B veg B8 X AL PR
TS PR IX A BOR BT K B, IR B R E 2 T T
WX AE B E |, S A HA RAFPERE
2.4 SESmEBFEN

AU 2 R SR B FLAR /A K
B | ANTR] A 45 K 36 S 07 g 1 BE B AT AR R A 52 )
TEX AT g E A A |, e AR AL 4 2R, mT
LAA RO BRBER , BEE YRR 8 SR A1 W R
FIRFL R B (K, o) RFRAH LR K, FoR
PO — D ) A% T 2R 80, o 7R - TR 1) EL R AR
JIr LS e A ot S B I 2 D7 T BEA TSR, 0 T~
TBORHTE] L AR, S R SE R AR R AT S I
PR BN ZR i 5 0 A 23 A e I Ak AT LA RS
WO LCSRMIRR, 23 2 FL AR A0 20 A1 %5 B W LA B 13K
PR A Y N 4R o R RS R (K o)
B KA R PERE MY BB 4% . Tirunehe %1% 3% S f&
OISR BT ORIE , SR A 5 201 A T 4 2
A MZ ALV A e 2B A7 O, B 0 1 I R
A AR A/ FLBE, n] RASRAT SR R AR A
i PR L R TR SR PO e ] T 2 A
A LU= A EE 2 H/IN B R 3 R fk e AR
ARAG B R R ROR , B RLRTRE A e X0 A o3 A
IR BE NS HE L, WRES B
THER =R IR (LB USE I ) B9 SR o A A
KBBIEZ RS RO (AR A B A B, I
AL BOBE 2 B, Luo 4510 38 3o 52 56 J5 125 X AL g
W W DU R O JE O A AR IX 4 FR A5G o A
ARVEATIRSE, A B 25 ol F DU 55 s <5 A RO R 9
HERK, 0 B i geik Z , Wi/, TERLRIESE
O A d AR B AT B2 AL EUE 2 th T FL B
FECTERIFMARIE I, TR R A FHR
FARIFABAE TR A AR BN 3 )
P sl e BB BT LATE X TR A as Ak
FORE LA B A B BE S AR S S R e+ T2



2018 4 B

3 ZitERE

TR N A A5 A AT B, AT R AT 4G AR A
REPE (A5 SO #3576 AT SR R T KA H I 4
1T, X EE NG R SR AT A R, B T AR
HTE 2 D7 RS . OXF ST 2 G BRSO 45 I 2
548 Bt RE R O oY . QT N HE IR R
i Tolb R B A, amadix 2 Jrmsge el LG 1
FE RV A B O A EAE I ) 8, AR TR SORE
TN A E A U TR W B AR K & R TT
LG, XS T2 IR B SN 28 EA TR A AIE ST, %
K SHO RN R BE I R R SRS PERE R B
SRR TR AR Y Sy A R S, s,
Vi N FH IR A TR LA B B, SEbr TR fil4 /0
BARCA SR ST AR AR ZE A BT A ILAR S
i AR K BT #8 1AS BE AR 28 5 5 30 25 [R) I s
R, B EA R S b B2 ILAR VAR
SERIRAC T 5 &40 T 2 A AR 45 A, B B A
BOCRE A RSO R 1 LR T S NI BE I
I, S A% BN A A 45 AU FH v B KT

S 3k

[ 1] Heijnen J J,Hols J,van der Lans R G J M, et al.A simple hydrody-
namic model for the liquid circulation velocity in a full-scale two-
and three-phase internal airlift reactor operating in the gas recircu-
lation regime[ J ]. Chemical Engineering Science, 1997,52 (15) :
2527-2540.

(2] RIMEZR, JEIGE 2= G PRI By a8 7 S A% S PE REF [0 . )
Jegelr B ,2017, (5) :966-968.

[3] Ammar S H, Akbar A S.Oilfield produced water treatment in inter-
nal-loop airlift reactor using electrocoagulation/flotation technique
[J].Chinese Journal of Chemical Engineering,2017, doi: org/10.
1016/j.cjche.2017.07.020.

[4] Lebrero R,Angeles R,Pérez R, et al.Toluene biodegradation in an
algal-bacterial airlift photobioreactor; Influence of the biomass con-
centration and of the presence of an organic phase[ J].Journal of
Environmental Management,2016,183(3) :585-593.

(5] Shbldfy, NE% VR €, S ST A W N g T IR K B A
WA T 1] BT ,2016,36(1) :160-163.

(6] FEM Rk, 2= a4 STHAOEA M N s Chlorella sp.fi:
feXEFR S Re R R T WA R Tl R %4, 2015,47(6) -
94-98.

[7] Soman A ,Shastri Y.Optimization of novel photobioreactor design u-
sing computational fluid dynamics[J].Applied Energy,2015,140.
246-255.

[8] Zimmerman W B,Zandi M, Hemaka Bandulasena H C et al.Design
of an airlift loop bioreactor and pilot scales studies with fluidic os-

cillator induced microbubbles for growth of a microalgae Dunaliella

KEF  SATNABINRN S SR N - 177 -

salina[ J].Applied Energy,2011,88(10) :3357-3369.

(9] LT, BRI, B8O B P ST X NIE R S s T 1A 7 27
PEREDFSE[J]. B 5 Tl K224 AR, 2003,25( 1) : 41~
45.

[10] Wang Y,Zhang H, Chen L.Ultrasound enhanced catalytic ozonation
of tetracycline in a rectangular air-lift reactor[ J].Catalysis Today,
2011,175(1) :283-292.

(1] G, 22, A W, 55— ol P9 408 B 2 i Bl v At S O %«
CN, 105036261 A[ P].2015-09-01.

[12] H/NE, Gk FE AL, Xk, 45, CFD 78S T = BR 0L I #5254
e LRI BAME T, 2013,33(7) 1 121-124.

[13] Lestinsky P, Vayrynen P, Vecer M, et al. Hydrodynamics of airlift
reactor with internal circulation loop ; Experiment vs.CFD simulation
[J].Procedia Engineering,2012,42:892-907.

[14] Chen L, Bai Z. CFD simulation of the hydrodynamics in an
industrial scale cyclohexane oxidation airlift loop reactor[ J].Chem-
ical Engineering Research and Design, 2017, 119, doi: 10.1016/].
cherd.2017.01.008.

[15] JEFAR, XUBRIE | 42 3C. CFX BB ST 2RI 52 I i 1 B 58
[J]JEH AR 5 TR, 2010,40(7) - 18-22.

[16] XUHAA, BRI, Ahal IH R A A ST R W RN S F 58 h
IR A].2014 SERE KRR A ARERIBCE[CL 5 2
[ RIR AR 2 ,2014:425-438.

[17] ¥y, Mt T8 7T, 45.78.5 TR T+ 2UIR 3 S 0 #5 PO AG 1A
R[] AL TR ,2015,34(3) :659-663.

(18] BRI, 5 &, AT 0 | 45 S5 Ui 40 45 40 X 0 5 IO i PAY JAE 145 3
J1E R[] A2 AR, 2015,43(6) :42-45.

[19] Albg A7 07 T 18 A o SO B I S oz 48 B 300 A4 5 Tl Al
BORBRFEL ] AR AT ,2016,32(4) :725-733.

(207 ZRLAE, 3t ST AT AR Lo 17 h ) S0 R 254 2 L
(] P T2, 2012, (4) :541-549.

(217 RZE, KW, 45 50U FE TS5 A0 S50 17 1) PR ATE 25 00 A R A
FAELAL BB IR ) ] BB R 222 412, 2012, 32 (11) : 2732
2740.

[22] ZRj#.ZAH UV-Fenton 2 I 8% I EERL 545 ML D]’

B M B, 2015

77, RN W ST R SN f R R (0] A

Tl T2 ,2008,25(1) :65-71.

[24] B TR WIEEAR, A0k, 55 SR A e X AR B =0 26 90 1k
PR RN sl S~ RERY R [ )] DU i TARBL 2R,
2015,47(3) :174-179.

[23

[

[25] Tirunehe G,Norddahl B.The influence of polymeric membrane gas
spargers on hydrodynamics and mass transfer in bubble column bio-

reactors[ J].Bioprocess and Biosystems Engineering,2016,39(4) .

613-626.
[26] S FARIRAT IR N AR sl S A5 [ D] F ol . M &t
Tk k2#,2015.

[27] WheoFR G, B A i SO A 1 5 A X T B I Sy
PR R AL 3 A SE M [ D] A2 BB T/ 5 20, 2007, 23
(5) :422-429.

[28] Luo L,Liu F,Xu Y,et al.Hydrodynamics and mass transfer charac-
teristics in an internal loop airlift reactor with different spargers[ J].

Chemical Engineering Journal ,2011,175(1) :494-504.1



