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PIV Experiment on Internal Flow Field of Mixed-flow Pump
under Different Flow Conditions

Shi Weidong'?  Ji Leilei'? Li Wei'> Shao Peipei'® Li Weigiang'> Jiang Xiaoping'’
(1. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China
2. National Research Center of Pumps, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to explore the internal flow characteristics of mixed-flow pump and optimize and
improve the design method of the mixed-flow impeller and guide vane, the internal flow field of mixed-
flow pump was measured based on the particle image velocimetry (PIV). The streamline and velocity
distribution of impeller section at different phases and the vorticity distribution under small flow rate
conditions were analyzed. The results showed that radial trend of flow was appeared in the impeller due to
influence of vortex flow on the blade pressure surface and flow separation of suction surface under small
flow rate conditions, and the flow was turbulent. With the increase of flow rate, the streamline was turned
gradually in the axial direction and flows along with the contour line of hub. Under the large flow rate
conditions, the vortex structures near blade pressure surface and close to the wall were obvious. At 0.6
times of the working condition, when impeller inlet came to the shooting section, clockwise rotation vortex
was formed within the impeller; when impeller outlet came to the shooting section, the positive vorticity
concentrated area appeared near the guide vane inlet edge and this region was moved in the inlet direction
with rotation of impeller. When the blade outlet kept away from the shooting section, the negative

vorticity concentrated area was appeared near the guide vane inlet. The causes of mixed-flow pump energy
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loss were revealed during the process of rotor-stator interaction between impeller and guide vane. The

research results provided reference for revealing the internal flow characteristics and expanding the

operation ranges of the mixed-flow pump.

Key words: mixed-flow pump; multi-conditions; vorticity; particle image velocimetry

51

R 2R %S AR I S IR O L R i A 5 S A
B X R B A AT M R R B U B
PR L, I, BF 55 R 2L 8 g R
4k B9 97 5 , X T A TR S AL 2 PR 3 37 sl LA, e
FHR R WIT A EEE L,

R PR A% 00 2k 2 R (PIV) 2 — Bl B 2R 4
A,ERBOEEA BAOLE B FEARU LGB
G AR S5 A 00 B R A A e TR R E A R B
fEJ) o B RENS IR O L B P B — B Z0 i 3N a5
B, HE T A5 50 3 2 B0 R SR A A A, © I B TR
SE W ST R U B 45 K 1 S I S A A R
L4 N Z, E N A R AN 6] 0 J7 36 % i 7 =U AL
PR S AT T ORI Beowkas D
Ao L 7 B K HE S JE B 9 R R B HE AT PIV it
55, R IAEAS R i TO0F v R R g T — ) 3 £ A
—ELR B G, MR O SRR B S
R AN R T4k PIV X B0 5 W T
ST T2 I 8 P ) O 0 1R AT T I, E T 2 N i
A5 B i R 0 2 B PN S A R 3 RE 37 5 ) A
Koo WU 38 B T 0 B0 5 P9 O Bl
157 PIVARE, % BRI 9€ 8L 1 7T LA A5 5 3 3
TN o g B, [ B3RSk B T DES $0(E 5 12 % )
ST RL . HJE, BAT M Ik, X T AR (H R
%) Wk sh 7 T BT T s 20T T 5 T
it s I T AR B O SR RN I A T T )
FEEE A A BEGE T RN A S B B A R
AEE NIRRT, & BRI 2 B i AR 0 R S RN 2
W0 I BE A8 BELAR R R S PN S A B 4 A 3
WV A 45 5. T e 452 R PIV AR X %3
A5t T A8 R TR A D B B HE AT T,
5% 2% MR I 28 76 /N U 1 T 000 T A b TR0 v [i) - v 48
P2 B E R B4 . NAGAHARA % 1] i i ok
TS AL KO SR g o B AN (PIV) X &b 3t 58 i 1 A 1Y
TN T it 32 2l K e TP R L BE A3 AT R AT T O S
R T IR R R E 8 X K T3 BE S ) 2 [E] A
KFRo

AL AR BRI AR 38 i i I 5T, o
BT AT 100 T = A0 2 58 7 R [l KA
T N ER I S B A8 A B, R I AR AR ) B 2

I

e T I PN 3 B R
1 ABRHEAERE

1.1 #HxRER

A SIS TR T G A R it R B AR A 1
JiR, W E n, = 829, 480 4k Z =3, af it
B Z,=5%% n=1450 v/min, H TR [E] T ¢ =0. 25 mm,
FEH OB B D, =200 mm, B EH % D, =250 mm,
WIS Q =456 m*/h 478 H =3 m, TAEA BN
MK .

(b) 1k
Bl R R EE A
Fig. 1 Model pictures of mixed-flow pump

- 4 - R 3 D ST AR SR AT 6 56 5 W K AR I
10 4 375 W AT ML B 38 4 o o 3, o 1 0/ | D' ZR AR Ak
FCHIN R H RN BE 2 YA T R A B 15 25, oAb
FEBCH AN T W EDE , i H AR Tl B 448 . PIV i
BRI NE 2 By o Ay S O TE A6 % T i e
S T 5 i P A 4, T A R i T I | R
W% R W WSRO , 15 75 X T B 8 9] 355 W il S A\ T 2
W2 I 52 1) It 3 X B

B2 PIV A g4
Fig.2  Chamber model for PIV test
L2 REAE
I B AE VLI R HOKE R R G TR AR
WFFE OS2 %5 1 D250 mm 45 4l (&) 2 1
LA G LT, xR &L T TR s



% 6 1)

AR A R TR] IR A A0 T AR R N ER IR PIV i 29

P T OR B ST e g, I B R G AN 3

TIN o g L AR SN R TR R Y T g e R R Al

AR 2 AR R I R 4 B R R TR T

R AL R RO T L A B RS e AR

P INERR2ZZ 00 O £0.2% M1 £0.5% , )k 122

KR ESE G 0.4 2, B IR F] 1 0K 20K .
6 8

7

B3 R KA
Fig.3 Pipe diagram of test system
Lo EhHl 2 R A AL 3. R 4. HERAL S BRI
Wk 6MIER 7.REW AT 8 M 9. KA
10 BELTIIE 11 a2, g B 13, BRI

1.3 REEE

PIV il 3t 3056 v, SR FH 55 [ TST A &) 8 7l PIV
RY, FEAE KRS YAG200 — NML & fik vh
G Ee PIV % ] 630059POWERVIEW 4MP 7 B5 fifi
CCD #i#L.610035 7 [f] 4 45 il & 45 610015 — SOL
RUSERE R L U8 R GE L BAR R 4R 43 BT 84 Insight
3G 5o FEAMRE I DN B v (T A A A
JIA5 3% 2% AES R JHST — 2010 B K S LA LA
MR AL TPAM — V(B AL ) 25 7= it I i S0 45 38 560 A
TR A o a0 b 3o B A AR R B P A T B
ONFTRE NS = f At -SF ¥ (ESPIN = A i P RIS
PIV 185088 187 19 7% b 7 R GG B Ao

K4 RERLT IR K

Fig.4  Original figure of tracer particle

2 W AFE
2.1 SMFHEIRLE

i LR T B i A B A, R B 2R i &R
B IR 7 G P R TRE &/ I v e A W ]
SFF PG A, FE G R % ik 2 10 Hz DL F A
RGNS TF a0 5 o 3 Ao A8 A0 2 IRV O e T, G
IKF] 1450 v/min JF2E 5 4 4 0 0 G R 5K U

PR TO0Ab o JE I E R R R A i AL As AT
AR U S, B — A o DX ) Y — ik, Y & S R A
AR, I 46 i 57 i 56 Fcdhs , SRt 23 A T80 A
AT RE VNI B b A BE AL DR 2, OC AT HL IR AL, B
RN AR BT RRE  BEAT Bk 6 RE A M, JF
0 SR B | I S BRI 5 1B A B RS S (B ik
9 i 5 52 B o
2.2 PIViE
A5G T AR A AL R B 3 T R B
BY 03 A 0 A i I [ Sy A S ] B -
¥yt 120°, 290 13.79 ms, A5 SN E] N, 05 4 e
1f 1008 — N HAERWT I , 29 (8] B& 1. 149 ms, 44> W7
fAH% 200 Wiy 7 G 908k 13 A Wrm (& 5) H X
SEARAL AL B 4y IC R OT (1T 2T 3T 4T 5T — H 3|
I JE R 12T, 7 J5 THT Y 45 R 0 B I, 3 328 B 26 G 5
FBLHEAT 23 B o M8 Insight 3G 44K Bir 35 B
200 iR B 4 0k 1R 37 R AR AT 3 R 3 B A G AL
B A5 35 5k B b B AR X R AR L S A
Tecplot B {4 it 54k 21, 15 2] 25 A Bk B 3t 3 19 AH XoF
YA o PIV IR I 55 200 2 00 2 000 S i 20 3R
Z IRk [24] .
600 30° 407 30° y00
800700 Vo 100
o0 M

\ \
1000 7J<\\ \ i ).
i S/
|

110°
L1207 |/
: |
W
s

PS5 s 1A B T I A

Fig.5 Cross-sections under test

3 RBAEESH

TS 3t A E A MR R A R o A R R
i B2, & 205 B 0 e 1R L6 25 2R
Bl 6 frs. Al LA, BTt A7 i 6 Uil 56 B 75 19 4
T IR i 28 N He A 58 4 — B R W] T A G R
AP E ARG S TR A R A SRR e o A, B i
TR TR S e o 0% A TR L O 2 433 m/h,
5 Z RN RN 3.22 m, BR K T75.9% o

4 KBERSEDW

AU I I B 13 AW, iy T R A R
RSO 2T A AT #E A 6T w3 4 HA R
P A7 B AR R S AT 3 Ao 2T AT O i e
F 2 E 0 WG R A SR BT T, 4T IR D 5 e
T3] 57 B W - e 50y 2 91 48 W 1 YO0, ©'T 48K it oAy g o
Fir T BRE B 30 5 T i



30 g Ak Bl M ¥ 2016 4
s 80
sl 70+
54 [ _ 60+
—y —=— K51 N
B3 +1ﬁ5§2 1
w Ot —— I3 B ol

2 —v— R4

—— RS 30l
L —— e
0 | | IR I I | 1 | | | | 20

100 200 300 400 500 600

WE/(m®hh)

N (SO S I P P
100 200 300 400 500 600

6 A AL MR Y o A2 PR G 45 R

Fig. 6 Repetitive experiment results of external characteristics for model pump

4.1 HAMEA2THHELWRFSH

7 WSS HAAL S 2T I A B A R 3 A X
JE oA B e i e R 130 2 e gk AR BT . &
HOX Ol R BE LY AR R . AR R LA
AN TTBUR RO N IR L EEEL T A
i 3 v R 30 (8 16 L B e T R A 4 B T A T
3T AL S O R AR AR B AR W AR 1) 08 Bl AE
R AP AE — R X (R A) 5 7E 0.60,,
(Q Fnieitifitt) TO0 T M Fr e T 5 3 [a] i Ak
V2K e [y T 2 18] B g O g s sl (P B Al
PATRINAE 0. 4Q,, TO0 R iZ B R W A7 7E , H U Al
MBS MR BTN Rl RO, 4
1S I A O ) R O 3 2 3 O, I O 3 T 4k 2
W 1) ol 1) 07 1) B8 Bl O B AR WY R R B R R AR B
S AR DX T T R, R O R A
LGRS0 KA 7 e ENR ) A o/ S S 1 N O 1= K A
T 1) S BE R S B Bl A R T g TG R O A A R
AR TS S e s 4 4 (1T R C) IO ok A B4
[Fa B2 £ Pt T it s 98 3 2 119 o
4.2 I ATHELHRHSH

P 8 Syt A iy R e R AL A SR DB T B O
FHX L AT o MEEIRT 4T A _E 1K 5 73 A
52T MIZEA R E R BE 2 & %, AH [R] AR 57 Ak i
VAL A A AL S AT R AR/ R DAL,

FT I T g TR RS 3 ) LA R A S
AT W g ) AL B0 v 0k R AT e
P AL £ AR Y A 18 A 5 AH L 2T AT, Wy i A
0 L s A 48 O L 1o 4 HE BB Bl R 2 AR 1l i
FEJE HARAL N 2T B s A7 4 . 7E 0. 50, it it T
DU, Pt i g T 4 0 ) B AR O 26y T ) T i )
Bt i) Wl g s o Rl IR RIS O, R T ) R O
Je A TR A AR 1] 1) S8 A% gl TR I A AR A
FEAE—A WIS A JE s, AH EL 2T TR, 1 I JE 19 19 15
Ml R 0k 555 , T s 968 G B, T AR 1 1) SRS B
4.3 fEfIH 6T HE KRB/

PO Sy i i R S0 1T 300 A7 R AT T Ik
F I 0 AN B RE o A P . NRERR 6T w1 IR
Yoy A 5 B IR 2 AR o A i 22 AN KB 6T
ARCTAT L, AP - P )R X 3 38 S P 3, i
L B9+ 0t 2 NN €0 N e 9 BV L W
T 0T P T8 108 {6 45 G Ak 1) 3 S M SR ALt HL S
AT BCEAT L, BE 3 e 1) ik R A2 3. fE 6T A%
T b, P4 AR AR 1 0 A AR S AT R AT AR
i) i 2 8 OO A DR o I 9 (8 A A P R U 8
ARARACE | P A D 14975 {FL I AR S Ak i it
e I N B ol T2 e N R A S N L
7 A BT 3 v BE A ORI A D D0 T E 199 45 AL o TR
o JEE T A8 Dl 553 S % T R R e R D

P [T
100
X/mm
(D) Qopt

() 1.2Q

K7 ARG 2T &b PIV I 2%
Fig.7 PIV measurement results at phase 2T



% 6 1) TR A R TR] R A A0 T AR R N AR S PIV 1K 31

gu 1 a5 wgy
100
X/mm X/mm

(©)0.8Q g %

St (8] | I TU S NS S L0 T, R [ 1
0 50 100 150 0 50 100 150
X/mm X/mm
() Qe (©) 120,

&8 AALL 4T 4b PIV i 45
Fig. 8 PIV measurement results at phase 4T

S (T S N [ W S 0 (0 T S R S | S
0 50 100 150 0 50 100 150
X/mm X/mm
(D) Qopt () 1.2Q

[E 9 AMIfii 6T &b PLV I 4%
Fig.9 PIV measurement results at phase 6T

4.4 PMEEIRTHRENG

B 10 Jir7s o4 0. 6Q,, i B T 40 T, A R A 47 46
PRI AT ) 8 i 0 A o AL OT I 58 3k OR Bk A AT
S WA, % 48 B T 19 9L R AR K AT R I S BE X4 9
BN ZL , th T B 4 e e I fe gt 1 Ah &
T — AW e % 19 T i (LR A) o A A 2T
I IT 6 W 1k A SRR BT T, 30 A B T g T g
Fr W ST S, 7 AR A B R (B B) o AR

e Z AL AT I, 75 T 5 3 BE 17 A A AR R X Y 17
Pt (P C) A J2 iy A3 AL 3538 3 A3 3 Al 1) A
FfE B o BEE M AR Sh BIAAL 6T I, i 42 i 11 32 B
e B TTHA B, AR b T R o A B 3 2T B RO
SO A T AR Sy AE AR, AU B AR 2 g
{ELAE S I i30S UL 45 81— 1 422 1 9L 0l 91 k8 =
S5 1 A P T 1) 399 R SR P X (R D) o A
RS e R BIARAL 8T B, M58 1 B B T HA sk

_ REsT
0 ~700
g —50 el
S
—30 420

| TR IO
0 50 100 150

—10 oy
X/mm —140
(©)4T
“or 140
5750-
5 i F
=307 420
M - 1| NNEPETETE EEra L
0 50 100 150 0 50 150 0 50 100 150
X/mm X/mm X/mm 700
(d6T (&)8T ®10T

B 10 /N B 00 R A [R] 46 45 Wi i b ) 18 & 23 A

Fig. 10 Vorticity distribution at different shooting sections under small flow rate conditions



32 & A Bl B ¥ i

2016 4

S B A P PN I A 3 B AR S B AR R, 5 M T
AEAE— 1E 18] 36 1 4 P Y X 38, (E AR EE T — A A7, % X
W Stk Oy A S (e E) o 2 g 3 A
AL 10T, 32 i 3F 11 A0 W 458 3] — A~ 165 1 iy 9741 19 DX 35
(B F) o [RIE e 0 A2 52 B F B 8 52
H BE B A E I o

ARSCIE XS 0.30Q,, ~ 120, A1 85 b w1 Y 16 it
HEAT T 430, R /DT 0,60, Ui i TOUE, U
E < op i Wi S O SR S T 0 &) W 8 B T et
JIG R 6 e DA T {32 ¥ 49 K, 1 D T i AR R TE 38 T 1
S T 5 KT 0. 7Q,,, Tt 12t 00 BsF 5 12t DA 971 (1)
TG U B 104 SRR R A 0 T U5, T W AS I A
o

5 &t

(1) 23#7 2T AT 6T F15E W7 Ifi - 9 37 3% 73 A, ok
FERBL AR/ R O, i T2 B B g e i DL
W A 8 3 TR U ) R W T DN R AR R B R

A 1) YT B A 5 B O A R A% A BT IAL 2 114 3 4R
Oy AT AEAG I A) ARV T 0 B T I AR A Y A 5
RS o AL R, 52 1 9% i TOU{HE J i 52 0 AE
R Ty T 5 0 i B A 2 G P A 0 254

(2) 2 M /NI 00 R AN [ W7 a7 L A9 368 4
A BT A B, 24 - 3k 17 T 14k U T R O e 7R
-5 3 11 ARG S — > B B e 5% 9 B i . -4
H T AL T 55 b T R O S ik AR A AR — IE
T 10 e 4 P B0y DX I, LB A 4 9 R 2l i X s )
MRBE U R gl 2 R G R A T T 7R
S AR AT A — A TR X

(3) dE 7 T AN A T8 T RHA A N R I 3l 4 1k
A A T A G AR . BRI B, /IR
BT R PN U Sl e 198 45 4 BT R 5 20K )
TSRS I, -5 05 ) 2l R X R SR R OR
T R AR R N BT U S R BE AR R R
PeAE /N T 00 T s A1 I AE A BT 5873 25 18 5h
T8 IR

& % x Wt

UK RN, B RR % B R R MO RE e T 5T [T ] R ML 4R ,2012,43(5) 64 - 68.
PAN Zhongyong, LI Junjie, LI Xiaojun, et al. Performance curve instability and rotating stall[ J ]. Transactions of the Chinese
Society for Agricultural Machinery, 2012, 43(5) :64 —68. (in Chinese)

2 FETRARHENE TKREEE S R ISR T 5 A MR O ER AT [T ] Al ML A 4R ,2011,42(9) 194 - 97.
SHI Weidong, ZOU Pingping, ZHANG Desheng, et al. Performance prediction and circulation distribution analysis at impeller

inlet and outlet of mixed-flow pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(9) .94 - 97.

(in Chinese)

3 FEL I HE AR A BT I R A R A MR D 2 AR ST LT ] Al BUB AR, 2015, 46(12) : 82 - 88.
LI Wei, YANG Yongfei, SHI Weidong, et al. Mechanical properties of mixed-flow pump impeller based on bidirectional fluid-

structure interaction[ J |. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(12) :82 —88. (in Chinese)

4 WA A R R S W T ER R 20 A1 X TR U A

RERRZ I [J]. ARy HLBR =~ 4% ,2014,45(1) .89 - 93.

CHANG Shuping, SHI Yanfeng, ZHOU Chen, et al. Effects of exit circulation distribution on performances of mixed-flow pump
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(1) :89 —93. (in Chinese)

5 XUE, BREEA B, S ST AR R HE K% PIV il [T ] AL ALK A 12 ,2015,46(8) :33 —41.

LIU Chao, LIANG Haojie, JIN Yan, et al. PIV measurements of intake flow field in axial-flow pump[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2015, 46(8) :33 —41. (in Chinese)

6  BOME, B4, IR i, 5. AT PIV U i 305 B0 S BB Sl ke P S [T ] RO LB = 4l , 2015, 46(4) : 28 -32, 58.
QUAN Hui, LI Rennian, SU Qingmiao, et al. Internal flow characteristic of screw centrifugal pump based on PIV[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2015, 46(4) .28 =32, 58. (in Chinese)

TR RBER XM, S B0 RN EARRE W PIV K[ T]. Rl MU =4, 2015 ,46(2) 246 - 51.

REN Yun, WU Denghao, LIU Houlin, et al. PIV experiment on flow instabilities in centrifugal pump[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2015, 46(2) :46 —51. (in Chinese)
8 Bk, R AR, S RS AR H AL BT A B HE TS BT RS PIV SR [T ] R HLAR A iz, 2012, 43(5) .74 - 78.

CHEN Bin, ZHANG Hua, SHI Weidong, et al. Numerical calculation and experiment of non-overload low specific speed sewage

pump with super-thick blades[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(5) .74 - 78. (in

Chinese)

9 WL, AR, RS R R R T 0 AR Sl i T AT R BRI [T ] ARl DR 4R ,2011,27(10) 50 - 55.
ZHU Lei, YUAN Shouqi, YUAN Jianping, et al. Numerical simulation for rotor-stator interaction of centrifugal pump with different
tongues[ J]. Transactions of the CSAE, 2011, 27(10) ; 50 —55. (in Chinese)

10 Z(24F A, A3, 45 I B0 M 50 2 M R M) ) T B a3 [T 1. A0k HLAR % 4% ,2007,38 (6) :79 - 81.

LI Rennian, HAN Wei, Li Qifei, et al. Prediction and experiment about the effect of the clearance on performance of screw

centrifugal pump [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(6) : 79 —81. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20120511&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20110918&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20151212&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140115&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150806&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150405&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150208&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20120513&journal_id=jcsam

% 6 1) AR A R TR] IR A A0 T AR R N ER IR PIV i 33

11

13

14

18

19

20

21

22

23

24

25

AW BRI, S R O R 2 TR LT] . HEE LA A2 24 ,2012,30(5) :497 - 502.

YUAN Shouqi, HU Bo, LU Weigang, et al. Multi- operating-condition design of centrifugal pump with medium specific speed
[J]. Journal of Drainage and Irrigation Machinery Engineering, 2012, 30(5) : 497 -=502. (in Chinese)

it TR, e, SRR 9 7K it % 1A 0 11 9 R R O Sl B B (AU [ T ] HEE LA AR 2# 4 ,2012,30(5) : 508 - 512.

SHI Weidong, LONG Fei, ZHANG Desheng. Numerical simulation of solid liquid two phase turbulent flow in submersible axial
flow pump[J]. Journal of Drainage and Irrigation Machinery Engineering, 2012, 30(5) : 508 —=512. (in Chinese)

Mok, sk A i AR, 55 AR LA B0 K HES B N Bk i 3 PIV RIS A5 [T ], HEMEHUAR /2254 ,2013,31(7) :575 - 579.
CHEN Bin, ZHANG Hua, SHI Weidong, et al. PIV experimental study on flow field in submersible sewage pump with low
specific speed[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2013, 31(7): 575 =579. (in Chinese)

W, %)L KL A BD IR A 4k PIV A E R A [T]. R PSR, 2011, 42(7) ;56 - 60.

YANG Hua, TANG Fangping, LIU Chao, et al. 2-D PIV measurements of unsteady flow field inside the rotating impeller of
centrifugal pum[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(7) : 56 —60. (in Chinese)

WU Yulin, LIU Shuhong, YUAN Huijing, et al. PIV measurement on internal instantaneous flows of a centrifugal pump[J].
Science China Technological Sciences, 2011, 54(2) . 270 -276.

SRPERE B TR, 45 R MR S it R BO6 R Ik rsgma (], HEERU LR 244, 2012, 30(2) : 167 - 170.
ZHANG Desheng, SHI Weidong, WANG Chuan, et al. Influence of impeller and guide vane blade number on pressure fluctuation
in mixed-flow pump[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2012, 30(2) : 167 —170. (in Chinese)

B TLAR AR B, SR AR L 45 R L SRR AE ARl D Bk SRR LT ] Al TARAER, 2011, 27(4) : 147 - 152.
SHI Weidong, ZOU Pingping, ZHANG Desheng, et al. Unsteady flow pressure fluctuation of high-specific-speed mixed-flow
pump[ J]. Transactions of the CSAE, 2011, 27(4) :147 - 152. (in Chinese)

EEM, RGN, . & R EGR AR AR E W E Bk AR T]. HEBE ML LA 241 ,2013,31(2) 103 - 108.
WANG Chunlin, JTA Fei, WU Zhiwang, et al. Pressure fluctuation of unsteady flow in high specific speed mixed-flow pump[ J].
Journal of Drainage and Irrigation Machinery Engineering , 2013, 31(2) :103 —108. (in Chinese)

BOOR AT, EFF 5,5 R L s A 52 e ksl 4 s i BBl [T ] HERE AL A2 2% 4 ,2013,31(3) 1205 - 209.
LI Yibin, LI Rennian, WANG Xiuyong, et al. Numerical analysis of pressure fluctuation in low specific speed mixed-flow pump
[J]. Journal of Drainage and Irrigation Machinery Engineering, 2013, 31(3) :205 —209. (in Chinese)

BOOR,FE, E£F T HF RINE NI ATE R BER L T]. HEBE LI T2 23R, 2013, 31(5) :384 -389.

LI Yibin, LI Rennian, WANG Xiuyong, et al. Numerical simulation of unstable characteristics in head curve of mixed-flow pump
[J]. Journal of Drainage and Irrigation Machinery Engineering, 2013, 31(5) :384 —389. (in Chinese)

P B AE S AR WA R W N TR S IRE R (D] B TR ORA,2013.

LI Wei. Experimental study and numerical simulation on transient characteristics of mixed-flow pump during starting period[ D ].
Zhenjiang: Jiangsu University,2013. (in Chinese)

Ji 0, e AR KRR IR R M R R S R PV 258 [T ], RO A4 4, 2006, 37(10) :53 - 57.

XI Guang, LU Jinling, QI Datong. Experimental study on the flow in mixed pump impeller by PIV[]J]. Transactions of the
Chinese Society for Agricultural Machinery, 2006, 37(10) :53 —57. (in Chinese)

NAGAHARA T, SATO T, OKAMURA T. Effect of the submerged vortex cavitation occurred in pump suction intake on hydraulic
forces of mixed flow pump impeller[ C] // CAV2001; 4th International Symposium on Cavitation, 2001 ;1 - 8.

SRAE . I N AR S B T B R SE B TS (D] BT YL IR R A 2012,

ZHANG Hua. Numerical simulation and experimental research on the internal flow field of axial-flow pump [ D]. Zhenjiang:
Jiangsu University, 2012. (in Chinese)

TR HE TUAR SR T A e e O TR 3 BB A BT SRR RE AR AL [T ] Al WLBR 24 4R ,2016,47(4) 115 - 21.

Pan Qiang, Shi Weidong, Zhang Desheng. Numerical analysis of flow field and cavitation performance optimization of fish-friendly

axial-flow pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(4) :15 —=21. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20110711&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20160403&journal_id=jcsam

