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Analysis of Circumferential Velocity Downstream of Swirl

Generators with Different Guide Vane Heights

ZHANG Lin,LI Yong-ye, TAO Si-yuan, WEI Song,LIU Ying-han
(College of Hydro Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: To investigate the influence of guide vane height on downstream helical flow in a guide-vane swirl genera-
tor, numerical simulations and physical experiments were combined. Five swirl generator models with varying guide vane
heights were designed to systematically analyze circumferential velocity distribution, streamwise evolution of mean cir-
cumferential velocity, and helical flow attenuation characteristics. Results indicate that the downstream circumferential
velocity follows a counterclockwise rotational distribution. With increasing guide vane height, the distribution regions of
circumferential velocity and angular momentum were observed to expand significantly, resulting in enhanced helical flow
intensity. The mean circumferential velocity was found to decay exponentially along the streamwise direction, though its
attenuation rate showed minimal dependence on guide vane height. At a fixed downstream cross-section, the mean cir-
cumferential velocity increased with guide vane height, but this growth rate decreased progressively. When the height ex-
ceeded 35 mm, further increases had negligible effects on velocity enhancement, suggesting optimal swirl generation at 35
mm. These findings provide a theoretical foundation for the structural optimization of guide-vane swirl generators.
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Fig. 1 Structural arrangement of the guide-vane swirl generator
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Tab.2 Comparison of mesh quantities and average

circumferential velocities under different grid sizes
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Tab.3 Relative errors of average circumferential
velocity under different grid sizes
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Fig. 4 Schematic diagram of mesh generation
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Fig. 5 Layout of the experimental system
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Fig. 6 Contours of circumferential velocity downstream of swirl generators with different guide vane heights
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Fig. 7 Distribution of circumferential angular momentum along the diameter at downstream cross-sections of swirl

generators with different guide vane heights
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Fig. 8 Streamwise evolution of circumferential velocity for

swirl generators with different guide vane heights

DN — 25 R G5 I R R T PR 1) 3L T ) 52 ) AR
T BRI 905 8 BB v A - 24 1 3 3 i
e AL PRI WL 9. 9 AT, s
JEE Xt I i [R] — U TR Ak £ - 247 J] 1) 3 32 114 5 W A2 B
B RFAE . 24 &5 BE/N T 35 mm [, W7 - 2
) IR0 I 2 e 2 2 T 5 1R T 35 mm J5 Y

e

%)

G
1

—e—Z=1 500 mml#F [fi
Z=2 600 mml#fi [f]

Z=1800 mmli [fil
—e—7=3 000 mml# [

Z=2200 mmikf il
Z=4000 n\nllﬁ)f@:;,,,,@

<
S
S

°
o
T

T EVIPEORR (ms")
S o
S =
T

1 1 1 1 1 1 1 ]
20 22 24 26 28 30 32 34 36 38 40

St &E/mm
B9 HRRTHNEAEIHADREESHESENTK

Fig. 9 The dependence of downstream mean circumferential

S)

velocity on guide vane height in swirl generators
WU WS, AR 10% . X T 50942 6] fii
B R e R 0 A Rl e U P B 5 0T A 2K
AR U8 . PRI, 35 mm 5 I Ry BE AE U B 5 1
RO 55 10 AR 8] 2 31 5 {8 1 14

5 4%it

a. BFSE Kk BUBE Ui A T W B AR 2 B a0 i
e % Y JE) 1) R M Bl i R AR FE 2R 40 mm &b
IRFBIEAE . BEAE 5 BB N A O XY B
AR AT VO O, S B T T R U R R N
TP RS UE S 5 Ry B0 T R 4 B B G B A 4
YEHT.

b, JEV A T U S 1) U S R ) g F R
FEWHL AR, 76 10 X (<2500 mm) B U8 R A
P Bl B gz . WK S ST BRI e h
e 1o R AR O T e il e R 5 0 ) 3 B R
B SR W) A6 TE Ui R R T X DA A i Bl R R

c. FIEE S EEEIELEHKLR,
M EE/NT 35 mm B, Y 2R R N B 4R
Fhs i 35 mm J5 3G U 8 2% . 2 I BRAk A
JRERAE . PEUCHAAE 35 mm N AER IR R, BLAT i
T A HEROR 5 20l g 2 18] 8 B B T
BT
(1] BT ZE. K IR AR ) A o8 B SR 4 M L], /KR

B S 2P, 2023, 29(7): 134-136. (TENG W J.

Study on reservoir sedimentation and countermeas-

ures analysis[J]. Water conservancy science and

technology and economy, 2023, 29 (7): 134-136.

(in Chinese))

[2] ZH, KE&ER, AEN, & REAFERFD SR

Y ) 4y i R R S AF T (1], WY BESE, 2021

(3): 10-15, 27. (L1 Y, ZHANG J L, BAI Y C, et

al. Study on characteristics of sediment transport

and sorting in pressure pipe[]J]. Journal of sediment

research, 2021(3): 10-15, 27. (in Chinese))
(T#% 61 R



BB 1 KBS 4E T EEM-PARAFAC J7 ik B9 4k 7 B0 3k 113 35 O 75 4 91 DL 0F 5% e 61

T YL E 7K R R TR UKL ) B SR 0 A A2 g K AR T
YL ) 1 A (4 AT AT R i

b. EEM-PARAFAC 4 #f & M, % ¥ 75 /K
DOM 4 153 ) o 25 5 HE TR 24 5 1R R 25 T o
REW AR, eA0 5 s 5h 37.20%
49.29%.13.51%.

c. DGRBS MR I, 4] 3 i T5 K i T g
Yy 5T R R K S I OB . B A I AT
TR k7N 12 1 DX 36 38 75 7K A T G 4 17 fr

d. A RATSF #E— 20 R 58 3 A SO
W R TR BBURN 5 3 o At T KA T A B A %
it R AT I DL v AR T )

S % Uk

(1] XUF%F, mfEsh . £, % BEE R HK R
v 15 g 2R [T ] PR TR, 2023, 41
(12): 32-47. (LIU Y X, GAO Y H, WANG Z B,
et al. Review of overflow pollution control of urban
combined drainage systems[]]. Environmental en-
gineering, 2023, 41(12): 32-47. (in Chinese))

(2] B, &7, HEH, F. 406 REmKE
) Y 2 B K i A V5 SRR R SR LT . P 4 K HEK
2023, 39(19). 116-124. (CHEN H J, LI Y P,
ZHOU Y X, et al. Characteristics of rainy-weather
overflow pollution from separate system in illicit
connection[ J]. China water &. wastewater, 2023,
39(19): 116-124. (in Chinese))

[3] YANSF, XU H B, FANG Y K., et al. The char-
acteristics and traceability analysis of the overflow
pollution during the flood season in an urban area
[J]. Water, 2024, 16(22): 3159.

(4] A AR AN [ 52 et B A 30 4 9 Ry » v [
R AR 2 51 4. B K i 55 K. GB/T 28592-
201208, dt ut . o [ A5 i i IR A, 2012, (General
Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,
Notional Standardization Management Committee of

the People's Republic of China. Grade of precipitati-

[5]

[6]

7]

[8]

(9]

[10]

[11]

on: GB/T28592-2012 [ S]. Beijing: China Standard
Press, 2012. (in Chinese))

KIM G, YUR J, KIM J. Diffuse pollution loading
from urban stormwater runoff in Daejeon city, Ko-
rea [ J]. Journal of environmental management,
2007, 85(1): 9-16.

DERRIEN M, KIM M S, OCK G, et al. Estima-
tion of different source contributions to sediment or-
ganic matter in an agricultural-forested watershed u-
sing end member mixing analyses based on stable i-
sotope ratios and fluorescence spectroscopy[J]. The
science of the total environment, 2018, 618 569-578.
A0, WK E, B, S A i R S g
o A R A LTS Y W O R AR A AT T, PR B
B2z, 2022, 42(3): 20-27. (DIAN L, HAI Y
L. LIANG Y S, et al. Characteristics of dissolved
organic matter in combined sewer overflows[]].
Acta scientiae circumstantiae, 2022, 42(3): 20-27.
(in Chinese))

CABRERA | M, GARCIA P E, PEDROZO F L,
et al. Dynamics of the dissolved organic matter in a
stream-lake system within an extremely acid to neu-
tral pH range: Agrio-Caviahue watershed[]]. Spec-
trochimicaacta part A: Molecular and biomolecular
spectroscopy, 2020, 235.: 118278.

LIY, WEI H J, WANG K, et al. Analysis of the
relationship between dissolved organic matter
(DOM) and watershed land-use based on three-di-
mensional  fluorescence-parallel factor ( EEM-
PARAFAC) analysis[J]. Huanjing kexue, 2019,
40(4) . 1751-1759.

LEENHEER ] A, WERSHAW R L, BROWN G
K, et al. Characterization and diagenesis of strong-
acid carboxyl groups in humic substances[J]. Ap-
plied geochemistry, 2003, 18(3) . 471-482.
EIEIE, B, SO, . ID W AR B IKOK (AR A
FHLETES [ 43 A 5ok R R AT L], FRBER = %4k,
2021, 41(4). 1419-1427. (YAN X H, HAN L,
WEN W, et al. Spectral characteristics and spatial
distribution of DOM in surface water of Liaohe res-
ervation zone [ J ]. Acta scientiae circumstantiae,
2021, 41(4): 1419-1427. (in Chinese))

ML AL AL LA L AL AL AL AL A LA AL AL AL AL A LA AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL AL

(EBF 77 7O

[3] PARSHALL R L. Model and prototype studies of
sand traps[J]. Transactions of the American Socie-
ty of Civil Engineers, 1952, 117(1): 204-212.

(4] EMSL, GGE. Kok, S5 K8 I8 RE i i 3h
FRAEtr 8 LR S e (7], RJRUHE TR 2 2= 4k
2013, 44(2): 232-236. (WANG S L. RAO Y C,
ZHANG L., et al. Research situation and progress
on flow characteristics of spiral flow in horizontal
pipe[J]. Journal of Taiyuan University of Technol-
ogy, 2013, 44(2) . 232-236. (in Chinese))

[5] e, MWAE, ER, % AKPEA LR
TOGE 1 R i U ) B AL L) . AR BLBL, 2016, 44
(4): 17-22. (RAO Y C, ZHENG Y X, WANG S

L, et al. Numerical simulation of swirl flow rotated

[6]

7]

by the vane in the horizontal pipe[]J]. Fluid machin-
ery, 2016, 44(4) . 17-22. (in Chinese))

ZEgkolr, . BEMEH, AL St 2XUBE TR A R iE
W TET R 5 VA O kR R [ 0. HEE AL B R A A
2020, 38(8): 807-813. (LI Y Y, GAO Y. JIA X
M. et al. Velocity characteristics of spiral flow in
downstream section of guide vane cyclone[J]. Jour-
nal of drainage and irrigation machinery engineer-
ing, 2020, 38(8): 807-813. (in Chinese))
PARKIH, CHO Y J, LEE J S. Analysis of em-
pirical constant of eddy viscosity by k-¢ and RNG k-
e turbulence model in wake simulation[ ] ]. Journal
of the Korean Society of Marine Environment and
Safety, 2019, 25(3);: 344-353.



