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Fig.1 Grid of the four twisted elements static mixer
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Fig.3 Comparison of simulation with empirical values

K SK MR AR A 2 55 28 KR TR BB A & R
KN AT EE R ILB I 3 s, mE A HEUE
Bl g R AL Tk~ A0 Ea R, B ZEA BT
10%, “VIJIRZELE 8% /i1, R i i al 4T

3 BREN

7E 10*<Re<10° il Py st DYy 4145 A TR 2 2 i
WAL AT THUERSL, 193] Nu 5 Re IOCR. 18 4 Xf
SK BRI PY R Jy 215 WA TR A 23 (1 8% S8 IR R AEROEAT T
XFEC A3 HT, K SK(Kenics Static Mixer)# /v SK 7 Efi
WA #%, FSK(Four Twisted Elements Static Mixer)# s 4
M A A S TR G A

2000
1800 [
1600 |-
1400
1200 |
1000 L
800 -
600 -
400 -
200 L

Nu

Re (x107)
& 4 R RELLER

Fig.4 Comparison for heat transfer
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Fig.5 Radial velocity fields on central section
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Fig.6 Variation of average VT in radial direction

7() 7()

(a) 1/4 cross-section of a element (b) 1/2 cross-section of a element
in SK in SK

RS, R O T IS5 28RO S e AN
Yy SRR A G, I 5 N AU T B
JEJ S (R AR SRAEAT K.

Bl 6 DA 2 ) 2 Fhish AR o 88 N P R 570
PF 14 55 172 A s RS B AR 1 AR LA 2R i
R 2 PR AR O A P B RR B AR R, SRR
B D 1t AR B (I K T AR DX, SRR XK
VA R0 3 P52 93 A1 e 3 P2 3 5 A 0 B ) ER R PE AR AR KR
& EuRGE TR AR OR.

Bl 7 S BEUAS 2 ) 2 Fhish AR 15 488 N IO
AR AR . mEATEUE DY A AR R G 4
PR R AR L SK SR G AR 2, AR
([ a4 R 3 /1 o = 5N

o1 BRIl &, AR T, 2 MR G A
TEHEDCH) IR ANVT ZERIAK, AR L H
YT IR S U U B AR R AR AR e T ) (R
FERG S LA 3 BB FE /IS 1~2 AN B, DR ] 22
I (RIS AL g 1L PR o JRE S A1 R AR SR ALK R AR
A

u dT/dr+(u,/r)dT/dé

cosy= .
JUR U2 JdT/dr? +(r'dT/do)?

1.8
F —=&— 1/4 cross-section of
16+ an element in SK
1.4 L —@— 1/2 cross-section of
L an element in SK
1.2 - —aA— 1/4 cross-section of a
1.0 [ group of elements in FSK
=5 L —w— 1/2 cross-section of a
;:L 08| group of elements in FSK
0.6 -
0.4+
0.2 +
0.0 -
L | L | L | L | L |
0.0 0.2 0.4 0.6 0.8 1.0

r'R
B 7 R AR AR 1k (Re=10%)

Fig.7 Variation of average radial velocity in radial direction

7()

(c) 1/4 cross-section of a group (d) 1/2 cross-section of a group

of elements in FSK of elements in FSK

B8 i AR Ao o 4 I 41 20 A1 PRI (Re=107)

Fig.8 ydistributions on the mid-span section of static mixer



10 o TR R

%9

K] 8(a)Fll 8(b)h SK BUFH AR A5 4 VR 5 Jo it 1/4
512 B A A, B 8(c)f 8(d) A DY b 214
DR GAPHRA IO 14 5 12 B A oA . il
BTG H PO 4 A SR A S B WM/ T SK i
BIRAH, RV GRS A3 N IR
W ERGSH R R U T SK B ER SR A%, FRilie
SENTAREDOER, ORI I S R O R R 4 #
e, AR TR

TR 2 ARSI G A A IR
FE3 5 R U R RSB, =3 i i il AR A LR
W 9 s, tHEWE B A G SR G4 2 MR
RN AR R X AL 1 /N T SK B & 2, R
VU I 5 4G B T BT 2 ) o 7 280 50 T U BE X — 9K
T FE SRR A Y RIE, Sl T Bl e,

150 + —m— 1/4 cross-section of an element in SK
r —@— 1/2 cross-section of an element in SK
140 [ —&— 1/4 cross-section of a group of elements in FSK
130 + —V¥— 1/2 cross-section of a group of elements in FSK
120 [
—~ 1101
\./ L
> 100
90
80 -
70 -
60 [- . | . | . | . | . |
0.0 0.2 0.4 0.6 0.8 1.0

R
K9y 178 1k (Re=10")
Fig.9 Variation of average yin radial direction
PALEp A B, DU 21 A i A TR a5l i
SK R AR A A LD, N IELEERREREAAA, BHAR
1 TR A Te A B RS i Ml — R A — B R
%, AHiT M LR A TTH R Z, P AN
WA ROR I N, — IRV b 5 R ) B R R
FHRIW]be m,  ATI(EBE AL PR A B

4 i

(1) 7€ 10*'<Re<10° Ju Bl 1y, 51K SK &R
oA, POk R 4 A i AR A A i R e R A 1
WO, AERACER L 20%.

(2) DYnf FAAFSRAGASA NI A 4 AN
EESTE S EIE N R S e i Y S R e S e (N
WS 4 AT ) S T AR S e AR N T AR
SEPN RN

(3) VUM 4l BT A s AT Y SK A AR TR
HrastHLL, AR BERR B AR, O X TR

Wik — E R A, T RE X i = B, (H
RIS 7 B 1) I (R RE R A 2 W A

ek

D BAARAGREFNERS (mm)
h SHAE MRS [W/(m>K)]

k eI

| TR IO (mm)

L FIRA IR NSRS REKIE (mm)
Pr REAVIERRIEA

r T AR

R ARG SRS TWER (mm)
Re TR

T g (K)

Ter  BUEFBIIE (K)
VT IRBERRE R

U G ()

T Y (ns)

Uin AN HE (m/s)
b SRIRAUE (m/s)
V) TS

\Z R

z AR AL E (mm)

Q JUA 25 )

PR e

v UL S A LSRR R A (°)

£ WARIIREE [W/(mK)]

0 W EIE )

SE K-

[1] X5, PR SSRGS B0 RN (0], e RN LR S T

2., 1986, 2(4): 81-92.
[2] Liao Q, Xin M D. Augmentation of Convective Heat Transfer inside

A

Tubes with Three-dimensional Internal Extended Surfaces and
Twisted-tape Inserts [J]. Chem. Eng. J., 2000, 78: 95-105.

[3] Khinast J G, Bauer A, Bolz D. Mass-transfer Enhancement by Static
Mixers in a Wall-coated Catalytic Reactor [J]. Chem. Eng. Sci., 2003,
58:1063-1070.

[4] Hobbs D M, Muzzio F J. The Kenics Static Mixer: A Three
Dimensional Chaotic Flow [J]. Chem. Eng. J., 1997, 67: 153-166.

[5] %edtds, VP, HITFoR, 4% Kenics FASTR G 38 1A 1 2% Mg
[7]. #L2% TR, 1992, 20(6): 10-16.

[6] Hobbs D M, Swanson P D, Muzzio F J. Numerical Characterization of
Low Reynolds Number Flow in the Kenics Static Mixer [J]. Chem.
Eng. Sci., 1998, 53(8): 1565-1584.

[7] BN, J5 4iies. Kenics BB SIS 25 45 K4 2 20 53R 0 AR AL IR
BHL 1 AR S [J]. 46T 2441, 1988, 39(3): 366-373.

[8] EMH, XHeF. NI T I8 N R a5 S BUEEL ).
b T244), 2007, 58(10): 2455-2461.

[9] JHKEE, MSSEAT, TIRLL. et Fr o fb AL # i BB B 37 By [7)
ST 1. AR 2R, 2007, 58(10): 2437-2443.

[10] SEuidy, sk, (b TRARSN S &M M) Jb3T: AT
fi4L, 2000. 340-346.

[11] 28k, oKiF, TKFME. FLRET P 45 XA o 2 A R I S
[0]. dERTfb TR244R, 2008, 35(3): 84-88.

[12] Fiebig M. Embedded Vortices in Internal Flow: Heat Transfer and
Pressure Loss Enhancement [J]. Int. J. Heat Fluid Flow, 1995, 16(5):
376-388.

[13] Guo Z Y. Mechanism and Control of Convective Heat
Transfer—Coordination of Velocity and Heat Flow Fields [J].
Chinese Science Bulletin, 2001, 46(7): 596—599.



5513 KBTS DU P AL B AR S i TR AL RE BRI 2 M 11

[14] ddkzs, BREEML, ZRiGME, & 85 R HeIA ) 2 BT K de b [15] dadkae, BERNI, 2805, 2 G0 A5 Py i SRt v P g i 17
G [J]. LRI AEAR, 2003, 24(4): 652-654. A AT [7]. TREHAELZEAR, 2005, 26(3): 498-500.

Numerical Simulation of Turbulent Flow and Heat Transfer in a Four Twisted Elements Static Mixer
WU Jian-hua, ZHANG Jing, ZHANG Chun-mei, GONG Bin
(School of Mechanical Engineering, Shenyang Institute of Chemical Technology, Shenyang, Liaoning 110142, China)

Abstract: Four twisted elements were installed in a tube as static mixer and numerical simulation method was used to study its turbulent
flow and heat transfer therein. The results show that compared with SK static mixer, the new static mixer could increase heat transfer
efficiency by about 20% within 10*<Re<10°. The results were analyzed by applying the field coordination theory. The reason for the
improvement with the new static mixer is that there are eight longitudinal vortices, which can promote heat transfer. The rotation of the
adjacent vortices is opposite each other. The size of the vortices rotating in the same direction as the twisted elements is nearly equal to
the radius of the twisted elements while the size of the vortices rotating in contrary to the direction of the twisted elements is slightly less
than the radius. Compared with the SK static mixer, the coordination between velocity field and the temperature field is significantly
improved, although the gradient of temperature and the velocity of secondary flow near wall are almost the same, and the velocity of
secondary flow at the center of the tube decreases.

Key words: static mixer; heat transfer enhancement; field coordination theory; longitudinal vortex; numerical simulation



