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Fluid flow in rectangular helical channels with vortex generator
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Abstract: The flow field of rectangular helical channel with triangle winglet pair vortex generator was measured
experimentally. The curvature of the helical channel was 0.05. The experimental data are in good agreement with
the calculated data. The evolution of vorticity in the helical channel and the influence of Reynolds number and the
curvature on the effective influence distance of vortex generator were investigated by numerical method. The
results show that, two extra vortices in common-flow-down type emerge near the inner wall in the rectangular
cross section of the helical channel with triangle winglet pair vortex generator. The values of extra vorticity are
2.0—2.8 times those of the original vorticity. The effective influence distance of the vortex generator increases
with the decrease of curvature and the increase of Reynolds number. It can reach 79 times of the height of the

vortex generator with the curvature of 0.05, attack angle of 10° and Reynolds number of 5370.

Key words: computational fluid dynamics; vortex generator; hydrodynamics; flow; helical channel

= SR A, BT RIFEE AR w5t
AT IR OB TE A AR R, X T
AL 2 R e i (R AR AR e A A, AP TCAFSR AL TANLEE LS AR T A R

—EEPRR T, WAL DRSSk ey KA L

T

2014-01-24 WL EIHIR, 2014-04-28 BB . Received date: 2014-01-24.
BREAN: RoE, B—1EH: KW (1975—), L&, i+, 8E#EE. Corresponding author: Prof. WU Jianhua, jianhuawu@]163.com

EEWE: TTERETHERTEZES T RITE (20131093);
BHE TR ANA LRRITE (LIQ2013046) .



%10 3

FRITAE: 222 A s B RE R A T W3 e S PN I A B * 3839 ¢

TG 1) i AR AR AR — R AL AR IR BT
m%ﬁﬁ#3$ ANE2=2E R DI T O =B A )

SERI R S A R R P, Eibeck 251416
m%nm%%%,Eﬁ%ELLW,%W%%ﬁﬁ
PR B ET LU S R HEE 100 15950 R A 2875 BE X HL
FHgRIS R IR A AR L, AR EEIE
R A S N e A B TR PR 1 225 (B B (R B R
K] 30~45 5.

TEMEE i 5iR R AR E Autb e g G, w3
TR B R N AR A T B i . % T i
TEAS B R, A TR IT 0 R AR B H N A
TEANAIRONA o 222 J A 22 R AT (48 A T
FEETE N A S TR, (RS,
AU A R S AA i iR BAAh, SRS N 7 [l A
P IR/ P NI (VN 711 = i 4 R Y e e LS il
SO SRR RO B, = A BRI R A At
/N R ARG ST R RO R4 . A FRIE =M
PR AR 2 R R T 8K T R T8 R T PN Y37 465 ) 1) 52 i)
M HAEAF 2T E A EHER, AR SCHH5E 1 1E
RE T AL TR W e T PN 22 2 — X = A A R AR AR
M, R T RN, B8 T IR
TH] W T 0 0 A 0 287 1) i e AR AR R RUE R
=, BIENRKAE RSS2 G e ik
TR ALK R .

1 RE 2oy AL

SEOG I EAE B R AR bR R GE R e, HoARRR R
AR EWE 1 (R, g R 2 fEAR,
2nK JEWREE, 2a A1 25 4 HIONFE A TE A .

y,0,b

r,0,
—

>
gé

(a) cylindrical coordinate system

(b) orthogonal helical
coordinate system

Bl 1 Aeby RG0S

Fig.1 Coordinate system and velocity components

NG HER R BT R, SR TN A R
KRR R (s 05 2) FIEED R v von v AHE
AR A bR R [ 1 (b)] RSB us vy we

u'=-u —39v,

V' = Jsinav, —sinav, +cosav,

w" =—Gsinav, +cosav, +sinav, (1)
cosa = R sina = K 2)
Nrryel Nrve
Kz
Kk @
XD “x” FRAENNZRE, XNEEE T
Efﬁmﬁﬁ M1 1L
u=pdu/y, v=pdy/iyg, ~w=w/w, 4

K py o AT S EERMBEEE, w, A
ISR AARR 28N [T X0 RV TR E oy S R

KITEZ
4ab

d, = %)
a+b
TN BN R
ov Ou
——— 6
&= & (6)
oy oy
— =Mu+ Gnyw, —— =—-Mv+Gnxw 7
oy Ox
X, & ARE, v NREKE, REREREZ
BNILL
M=l-xx, Gn-tRe, Re=P%"n )
7,

Gn 72 Germano %, UEHE I SFMEIZ L.

BN 1 RN E LT
e Rd, T: Kd,
R*+K*’ R*+K?

2 AR A&

2.1 LR
FZJIEAME R 189 mm A WL IS R AE |42
HVR 14 mm. %6 18 mm. [A]FE 10 mm F* R [ (&
2), {EHANE EANEHN 189 mm HIE MBI R,
SIS, AN RS A AN R
EH EAS) Js SIE 58 P 75 B R A T M s T, ki
(2b) A 18mm. % (2a) N 14 mm, #EFE (2nK)
928 mm. SZERRMEIL 12 P, EFEIEIAE 6 PEAL,
RN =R RER. WREREEN
1 mm; P =AEFTEGAEEE 6~ 3 mm; = MAER
KRR IR AR, B = 3 508 I IE oo

©



* 3840 ¢ T

65 %

L

. 10mm

. 18mm

14mm

189mm

B2 e (U ) I A
Fig.2 Cylinder with spiral groove

palhe= i}

0:;"_/ ﬂ 0=5° ﬁ
0=0°

0=—>5" A

3 =B A G E KN A
Fig.3 Location of triangle winglet VG and cross

section measured

1 %{
K4 s Rginfe

Fig.4 Schematic diagram of experimental system
1—PC; 2—BSA; 3—transmitter box photomultipliers; 4—Ar" laser;
S5—probe; 6—helical duct; 7—valve; 8—flow-meter;

9—upper reservoir; 10—receiver; 11—pump

LIy poN 107 IREEBROLRNEEE A=
%, BEMAIOK 10 mm, — B ALE E T W& ShEE,
i = AR RLIGR o T R AR 2 1 22 25 I SR T A
T WL 3.

SLIGAE W 4 R, KB EAER T, A
HEE N IR TE, A T AR K .
WA ;L RN i) 22 RS A WA= VA 1 EB 2N s I (3 VA
e NI R T DA /K R o S R AR —
I TR IR HE K B &, AT 753 Reynolds #. 7R

RN 8~12 um [ 25 O B FEER . F1| F§ DANTEC
ONF AR PR I = 4 T BR8P ik
BRI N S SRR RN B =4S .
22 LWRES

G5 72 FH ] s 1 25 AT AR 22 30 20 2L K o
WO 2 hE SO HE A MRS, 0L
LB B AR E e B m 2 . 5 5 W RS E
T EHOAER, NIRIGEREE, FERL A HA
S AN LU K ) e A v AR TE IR P . BRIESS,
X T [ iR AN 1% AR B R,
SEEGTEA N AR M E A NI T ok SR E
LG HBIES N, BT 5 5 800 & 5 47
BREMmZE, HLAEENEIRE; EilFI %7
TEAKAE, P K BRSOG4 569 BT 7 A i A7 B
e SEEGIEREH, AT EECREE DR RBEN LR,
ARSI ARSI B A ERAFE 100 R EA B AR AT
AL T KR ZEN 6%~ 11%.
2.3 HERTE

FIF CFD st 22 3% = M AL K AE 2 140
TV A THI W e 8 T8 Y IR AT BUE B . R AR A1
O i o 2 25 10 A 2% 10 R A T M8 e S T 3 A T X %
%5y, GRS SR, B AR T S R EE A 1.5
mm. X = B A A R AT R N, IF
55 DR A A A SR AR P A R R, I )
SN S . T BSR4 B I 4% i) O R
KA)F7R-

div(pve) = div(I"gradg) + S (10)

FRYE SCHR[20] /T B4 56, A SR A Realizable
k-g IR, IR T b FE 7 {4 i R T RR A
SR gz R 6 R ) 5 R R A U7 g £ SIMPLE 5
e BRIESTIEPRARAE SO AL, HoAth AR S8k
TR RO S THRISR AR T SR T R
Z/NF 1.0X107°, ShEHTEERZ/NT 1.0X107°%

5 TFEME
Fig.5 Grid for calculation

3 HRAM

3.1 SRESEMLERILR
FEBIFEARDR R (r, 0, 2) T, SEIGIN AT N 6= 0°



%10 3

SRS : 222 A A s B RE TR A T W3 e N A B

° 3841 -

AEFIRETEARTHD o AT A DARAR A s 2z,
ERE T A O AR S5 R o SIS UE BB A 7 v
(I IERATE, 7E Re= 1790 A1 Re = 5370 It Arili%E
BB EPOL (R r=0) E5&% s = gE5 5 i &
EFBRMESAT L. S5 3R 7 L 6~ 8.
HHE 6 7] W, 1) R I AR S TR AR
B =, WMENTFYRZEDNA 13.7%
(Re=1790) #17.76% (Re=5370). HF 7 FF 8
AT UL, A3 [k P ARl [ 3ok P ) A A A AR
{3 —3, fE z=4 mm M z=—4 mm FALHF
I3 P R ) SR FE AR, IR A& T %A 223 17 =41
B, TNEE T IXEAN T A BRSBTS
T 38 55 AR 2l ) 3o P AR A R 2 e /N T 2 R Tl
CRIPIFR FE D, 3 AEXHME RN BT BORKIF
2o % SCR[2 11 AbER 775, W43 1 3 B 0 i )
AR T LS AU 1) 08 6T 22 ik LAAH . 1T ) 1)
TR, 15 BAHXT T U0 FE w22 . A AR A

0.8

m calculated data, Re=1790
0.7F @ measured data, Re=1790
| A calculated data, Re=5370

v measured data, Re=5370

10 8§ 6 4 2 0 2 4 6 8§ 10
z/mm
Ble [RIF:ALSR Z T I s 2 Al S A
Fig.6 Measured and calculated tangent velocity of cylindrical
coordinate system

0.07
m calculated data, Re=1790
0.061 ® measured data, Re=1790
A calculated data, Re=5370
0.05r w measured data, Re=5370
B 0.04f
2
> 0.03f
0.02f
0.01F
0 .

10 -8 =6 4 -2 0 2 4 6 8§ 10
z/mm
Bl 7 [BREARAR R AR A I S S
Fig.7 Measured and calculated radial velocity of cylindrical
coordinate system

0.07

m calculated data, Re=1790
0.06 @ measured data, Re=1790
A calculated data, Re=5370
w measured data, Re=5370

v;/mes1

10 8§ -6 -4 -2 0 2 4 6 8§ 10
z/mm
K8 IBIAE AR T il v i R A S5 7 5
Fig.8 Measured and calculated axial velocity of cylindrical

coordinate system

J5E T oy ) 3 EE TSP BB AR R 22 35 /N T 1%, 5 Sk
217945 H 1R Z B .
3.2 RInLE

7E Re= 1790 i}, XFEAEALFRR T 0=-5°. 0°.
SORbAL I PN 25 TR FE A B AT AR B A e, 15 31 IE AT R
BEALFR R T Ak AR . IR EIR B S E 2K
KRR ER, WK 9. dE 9w, 7 6=-5°
AR FRRTED P, AL BT S LR T A T R e i B B AT )
il IREER, IR TR AR SZ 2 B0 R ERE TR 4
BEJIMOAE Y o AT O Ak P TR A TR AR AR 2 N
2451 f-2511. HE 9 # (b). () ATLLEH, 7E
0= 0°F1 0= 5CRLMATIT A, SEIT Y REIAL, lim) e fE
SHEL R T PMREX, X % XIS IR
RABHIGH ARG R R G, BT RE R4,
SFECEI b A R A TR fESEIE Y BEAL
B IR AN R X PIANIA T A S, TR 9
BHEF G N, IR NIBRE G IE
B, EFERREE R, AR w keSS, 7
PN = A B A AR A N ), X5 SCERIGE TR
HoE BN ERKEESESN S RMW
common-flow-down =X [y R £ M A A2, B itd
P R Ah, SRR P R I A2 3
WA H L. £ 0=0°TW, JEAEMHARERE
AR N 3064 F1-2979, & AR w2 im R AE AR I 1.2
FE2E A s HT I IR AN IR S AR 23 79 9 —4993 AT 7093,
TR IR R BN 2.0~2.8 f5. 24 9=5°0,
B N IR AT 2 B R A 28 52, KRN
PUim & i, JRA PN IR AR A 7 58 2133
—2233, HIE AN i EARAE 2 5 R-T777.5 A1 2133,
5 9= 0 b #THAHLL AT CAE Bl A A2 Tz 5
RRA R, AR BN IR R 5 .



° 3842 -

65 %

¢

-~ ~
~ \

N S ——
NN\ ST

g N
A ey
Vv gen

_1693 18072511

—2530 —47.2<O —69107

(©) 6=5°
o ARFEBIHFIDER CHASMNEE)

Fig.9 Flow structure of different cross sections (right wall is outer wall)
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Fig.10 Contours of vorticity in different cross sections
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