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Abstract; In order to fully understand the internal flow characteristics of tubular pumps under
operating conditions, the turbulent flow of a tubular pump under the designed condition simulated by
computational fluid dynamics ( CFD) technology and immersed boundary method based large-eddy si-
mulation (IBM-LES) was studied. The simulation was based on 3D Cartesian grid system, the Navier—
Stokes equations were discretized by a finite difference method in space and advanced in time using a
second-order Runge—Kutta method. The LES was applied with dynamic Smagorinsky model. Boundaries
of solid parts were described by level set function. The result shows that the turbulence kinetic energy
(TKE) is weak on the circumferential section across the root of impeller blades. The highest TKE is lo-
cated at the wake of rotating impeller blades on the midspan section and the component in streamwise

direction contributes most of the TKE. The TKE near the tip clearance of impeller blade is strong and
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contributed by components in three directions evenly. At the wake of outlet guide vanes, the turbulence

dissipates and developes along the streamwise distance, the wake tends to exhibit the characteristics of

pipe uniform flow. The results provide theoretical supports and engineering operation references for sta-

bility improvement of tubular pumps.

Key words: tubular flow pump ;immersed boundary method ;large eddy simulation ;cylindrical coordinate ;

turbulence characteristics ; turbulent kinetic energy
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Fig.5 Cloud chart of axial and projective velocity dis-
tribution of tubular pump

% L& U A AL 1 i Xk R O B0 R L, AL
R BB R T AT 70 A R 24 4
RS e S ), BBUR 12 A~ 52 e i JA B34 O Jis Ak

SR MR H O 4 S SR 48 A0 ek
PRl 5 8 A S0 A O =
0.25D) T4 E51E (r=0.35D) S HURPIBE 7 =
0.450)3 AR 1 L 1
S 417 80 R A 0 B, 0 3
30 T A0 0 A5 O3 31 2
it A

k= () + Gt + Cug)) L (6)

A /s w23 50 i S RE kA S 1) A 1) A E S
T Bk s B, ¢ ) ARG R R ] F 2
i,

6 PR N SEac 48 48 (r=0.25D ) [5] Ji 48 1 PR i
ShRE S H i A R IT L. & 6a i S AE b A
oA, B 6b—6d Sy k AR [a] A [ FE S T 1) 14 20
RS, BRI 3 A4S J7 1) B R FE R g CR IR - i
G 13 ctv = A o B Nl O E e s 3 R L
(0 ) TTHR. DA AR I B AR B 52 37 1) 9 %
LA B A A BE T 1) T U)W A 2 ol AR 7 A A
R i BE R, 171 12X 3 73 A 8 2 B0 A i AL 94 170 7 1)
AR AR B0 M0 K AR AR 1 5 16) 55 J 1) 7 1) 9 o 0 OE
I8 F3 53 Qg ) A Culyuly ) B8N RN LK Sl [
T i ShHE & 7Ll A9 70

0.20
0.16|
012
0.08
0.04

@ (uy'ug’)

(O

Bl 6 r=0.25D [ & i 3 e o A

Fig.6 TKE distribution on circumferential section of
r=0.25D

B 7 Biron oy A BE (r = 0.35D) [5 Ji 48 1 A
it 311 B8 S He o o A JE 0T P AR 3 s AR 1K R
48 A T2 A T R R LR Al DUACBR, b 9 4T
SEFER LI 5 R 53 () SRR B R E X 8
BUAEIFE M F 5 7 1 R . A 1 R I R A AR X
s Fe B s T R, U I R SRR R R



L s

HEREDLHK T 741t

AL T ORI AE e HL 32 e U 1 T 18] /9 23
TR th TAEBOT LA T a7, A B Ot R
[l At 5 i e o i R R, AR A SR R
I DX ) R 50 ) 7 1 fok sl i B AR, B A TRV
Cupur) (wypuly) MEEZ B/ H B E BT,
I3 & 75 1) U A0 AT Culyuay ) N, 2RI ) 5 I
E LB T 1 9 sl 4 4 o [ s I T 15 JE 5 1)
i Lk 2l 5

©w'u’) @) (ug'uy')

B 7 r=0.35D [ J& i i 3l BE S A
Fig.7 TKE distribution on circumferential section of

r=0.35D

Pl 8 Jfr 7 5 A AE P BE (r=0.45D) [5 J] 8 THT
i 31 BE S o3 A T 1. el B R DL, o 2% 08
TSR] B AR S G AR B 3 Bl A D R AL i U R
ARKARER, H. 3 ANJ7 1) L3 BEARL L ) ) 4 3
AES Culu, ) B, B2 PR D ) B A O A 00 s A
JEAR TR 77 A 1o 3 T Bt 9 b, 1m0 ot s i 5
AL DX PR AR K, 7 4 v 2R B AR S
iz B 00 P TOUAR 7 A% P - 42 [59 Jo] e AR A, T B
AR IFE I P TERk AR S A AT B A 5 1 A, e Ak
UV A1 J T 1o e Sl e B Gk 5 T R B R —
B[R] 0 32 18] B 3 09 52 00, i 3 BE 3 & (u'u,) A0
(upuy) TR{ERCR.

0.06| —k 0.020

005 — g-: Eu;'u; ')> 0.015
— 0.5{uy’ ug .

0.04 — 0.50s,",")

0.03 0.010

0.02
0.01

(uup)

@ wy'ug')

(©) ¢ 'u"y

K8 r=0.45D [ J& i 3 BE S A1
Fig.8 TKE distribution on circumferential section of
r=0.45D

9 R Jm B R AL = 1D,2D,3D
(AR 18] 77 18] B9 R Sy 2 50) AN [ A7 5 4 i
RE S AU )~ 35 i =42 07 1] B9 A2 A RS, A
AR BRI Ti) S 1 A 02k (B BE T o P T DL A
JEESMETT R, in SR k78 3 AT A iR
(ER/INEN V- 2. fiid 3 REHE AR Je o R0 23 & T7 1R
RT3 BE RE R 112 A FE -5 0855 i 30
AE & BARITRI T 10 A PSS AE v =2D,3D [15E
UTBETEAL , 2B LIHE RN 0, Ui BE A il
HEETR A, FE U N i 3l BE RE 2 AR HE, 7t 3 & 7 1)
PSR Sl , HLBE T AL J2 2 () BTRR. X2
PR D 10 50 2% PRI TE B 0 T 5 ol b v e o A R AR
M PE A S AR /N CBE TG AR D O) . 3 B TH0 M A ] [
BB LA, TS R R R SR LS
DA B3 AR . — A X ST B A R Bl o, TR
IO 3 de K2t BRAE i 3 v - o o R A 2 i K £
B, DTS SR TR A S I ) i - B T 9 X
i B AE & 2 B R (R SR EE 1AL kT B
Culul, ) TR, 3 2 PR g O A T 5 1) o X4 o J3E A 2
IR, H N [ 75 1)

— k

— 0.5(u,ul) 0.015 — k

— 05 (u:’u:,’) — 0.5(w, ul)

— 0-5<ur'ur’) — 0.5 (ug’ug')
0.010 — 0.5(u,'4,")

1 1 1 1
0 0.10 020 030 040 050 0

1 1
0.10 0.20

1 1 \ 1 1 1 e
030 040 050 0 0.10 020 030 040 0.50

+D r/D r/D
(@ x=1D (b) x=2D (c) x»=3D

KO Ja S i R AN [ o7 i i I B S HLZH s A ) A A LA

Fig.9 Evolution rules of TKE and its components in radius direction with different streamwise distances of outlet guide vanes wake
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