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Internal Pressure Calculation Model of Roto-jet Pump
Based on Cylinder Effect of Rotating Shell

HUANG Qi LIU Zailun QUAN Hui LI Qifei GUO Guanggiang WANG Xiaobing
(School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; As a small flow, high head and low specific speed pumps, roto-jet pumps are widely used in
the liquid delivery and it has very simple construction and smooth performance curve and cheap
maintainment. The pressure in the chamber increase is the result of impeller and rotating shell. Tt has
been determined according to the impeller but ignoring cylinder effect of the rotating shell for a long time
which makes the calculation of pump cavity pressure inaccurate. In order to solve this problem, a
mathematical model of the roto-jet pump internal pressure was established based on cylinder effect of the
rotating shell and the liquid rotation coefficient was introduced. Combining experiment with numerical
calculation the liquid rotation coefficient was verified and the influencing factors were subjected to
sensitivity analysis. The results showed that a mathematical model can be established to calculate the
internal pressure distribution of the roto-jet pump in a theoretical way. Effect of rotating shell must be
taken into account of the internal pressure. The liquid rotation coefficient of the test pump was 0. 75 and
the theoretical pressure value at this coefficient was in good agreement with the test value. The
mathematical model was verified by an example of a double-type impeller roto-jet pump. Sensitivity
analysis of factors affecting showed that the wall roughness, rotation speed and flow had a weak effect on
the liquid rotation coefficient. The rotation coefficient was between 0. 736 and 0. 764 in the test range and
the fluctuation was small, which value not exceeding 3% was considered as a fixed. Tests showed that
the larger the radius of the pump chamber was, the more obvious the pressure increase caused by the
shell effect was, the research results can provide an important basis for internal pressure theoretical
calculation of the roto-jet pump, the design of collecting pipe and the selection of installation height of
collecting pipe.
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Fig.4 Experimental and theoretical pressures in chamber

& 4 1] 0L Al B R AR, S G i 5T A0 20 RE
T DX ST o Aot XA TE IS8 AR T TR AR 1) 3 3
FERETETE T, T 7 R e X Je) BE TR XY 2 72 0
o BE T DX AR A2 e 7 T BT AR R T, RE ik Hy RE T
X300 3k PN JRE 4 ) 1) i O A O IX AR 0, U B I A
Sl 115 mm < r < 135 mm {5 B N8R & E 7 B IHE
Peo WERe Ak, 3 B0 I AL S 52 0 ) 553 A Y
HESHE T8 10 86 B T i R BOB K, )
A5 e e Te 5 o 1 R R 0T, T T R BE K .
SR T SE N8R 1 E (H A T e i Rk, =0.7
5k, =0.8 PG Z ], 40 72 .82.5.93.103. 5,
114 124.5 135 mm B, X5 B >4 741 000,764 000 .
792 000,827 000 884 000,951 000 .1 008 000 Pa, k, =
0.7 il 747 477,768 540,795 544 829 665 .
872220 924 663 988 594 Pa, ffi 2% 4> 5l K 0. 86%
0.59% .0.44% . 0.32% . 1.35% .2.84% . 1.96% ,
k, = 0.8 gl H 751 443 775 377,806 585,
846 602 897 148 960 123 .1 037 620 Pa, fii 2% 43 5

1.39% . 1.46% . 1.81% ,2.32% , 1.46% . 0.09% .
2.85% o X UL Y ik 5 A M e B AR KOHE 0.7 ~
0.8 Zfia] , X (10) 5 7 4 FIE (5 15X 50 110 0 22 />
T 3% , —F O, d T A 1 BT RS RE B 4%
U S T PN R AR T e o 3 L R A e A7 T RE R E
PR TSR AR, I A a0 0000 A 0 5 3 45
REMRATEE

3 HEFEBWEREIEREERYSH

3.1 HEER NEROFEH

LU 56 2 O X 2 T SolidWorks 57 52 (A 7
K ICEM X 73 ) A%, B0 2R AR R I A% 5L B
7911 042,795 i HCh 1561 926, AL v i 5C B &R 4F
PEAT JR FR 0 s LA o T S30HS 0 5, 3 SR SR I A
KS Frs  ZEBUE 00 s 7547 RS TG0 M 1 0 403
AR A TR A5 A5, S 7 R i s 25 v g IR R R
b B8 DA ) AL Sl R R e SR AE R R A R Y
VA 2L B sl B 2% 1o ] 44 109 G IR 152, 2% B8 R QAR
VEFER S F U S A7 oy TUIORS R 7 ) RSM
linear pressure — strain A5 | 5 70 3% 107 M BE B Ry
50 wm, JEJJ 5 B S SIMPLE 8330k o 1 JHAR A%
AR WAL H T, 3 i i 3 A FE R Rk A
TR I A% 2R O 2E A T R, R R 1 D S
TiEPE T ARV A B O A R, O A ] BE
T AR B, s 7 BE T B %507 301 5 4% 46 O A Fluent 16. 0

| uuem%l{s
ey
J

IS emeae i o R 45 R 3 19 4
Fig.5 Calculation domain of roto-jet pump and local mesh

R e Bk B 4 k1 b0 R B TR T A
OERBFHER B Z,, S Z, B3 SRR,
W 0,.0,.0, FEPIDIERI AR 1200, F Tk
5 55 B TH B0 B B, L A T AE AL B R 6,
Wef4e, I 6 iR .
3.2 HMAETEMESH

FE A E T 00 SO Z S AT U 5 I8UE



59 9

BOHE S TR 7 IR A 280 Y R IS IR N A T ) TR A 131

U Z R b AT TR ) 2 PR AR AT 7 (AR R g A
Pa) 7R, BEHR 6, B 1 4% MR T g Bl 5 1K 6 (B0
o, S5 R 8 iR o

77,
Pl 6 Z AL A Bk AR

Fig. 6  Characteristic section and polar radius in chamber

K7 Z A = E

Fig.7 Pressure nephogram of Z, characteristic axis section

11p

—— R
| —x— R

T H1p/MPa
& 54 =
= K=l (=]

=4
Q

0.6

100 110 120 130 140
212 r/mm

P8 R I A s ) i 5 A £k

Fig.8 Experimental and numerical simulation pressures

70 80 90

in chamber

o FRUE TR 200 T AR AERBUK, BA %R
itk P e, % M e i R o A R R IR A e e P
PO 8 % 3 56 A R W AR T 3 Ry A 1) 3 A it TG
R, TR T e ff o P AR, TR S B B /N o P T
W1 T AL IR 0 0 A LA R o e A i 78 97 A
3 A 1)~ A A 39 DT (ELRE [ 2 A A T
Ty FEAAAL e 3 JE PN A U 3 A a1 L
PR M IR AL Bl R BRT AR D o T Sl eSS

{18y PN B T RIT IV 5 T 5 B 1Y SO0 B T A B T — T
R IR T i T R oA YRR 7 30 S el o T 2 R A 0 IX
YR, A ORGP AR /N B T A B A R 3 2l 1) R
BURK A 5 RE T AR X R Y R B LT R A AE
AT [ RE 1) B B T 2 P, A0 KR AR A G W 2
AL, Z R 8OE L F IR Bh A0 X, S R LA A I L
W) 5 o B 908 BRI 5 PR 2R A A ol s 3 22, B R M
[F) B, 8 90 A8 300 98 X3 ) 2 L R U X 3 R 2%, i
BRI 5 Bl A R AR — R R R B e U AR
AR U A0 YA TG R R AR i I DX YD 1) B B R R
JEJ) BTt o B8 Hg A g il 2R T AR ) LA ) £ T
ARE S0 5Py B, d g 5 e e 2k [ AR
| R A% 0 3L Bl DX VRS T 2 B B T e o 1 [ AR
KON 5 R 1 T S 3R TH 5 24 6, 2 AR 1 K, g
a2y AN R R LN A SPARUN (N Y
WA R ) B B BAUE B IR (K, 4l 72 82,5,
93 .103.5, 114, 124.5, 135 mm Af, £ $l {5 K
697 513 731 833,784 266 841 817 919 568 990 620
1 060 890 Pa , i 16 Z 41 M fiE 1h £ 15 F0 (5 452 400 iy 2k 1%
2T 6% ,IE B R FH B Jr % B0 2% 2 N 3B 3
BN AT AR .
33 REARERSSS

BUE T T HESEN 6, .0, .0, 48 b W 1R e %
FHGREXRMAWE 9 PR,

091
0.8+
&
® 07
W&
—p
_}*é 0.6 0
0.5 0
0-4 1 Il 1 Il Il ]
40 60 80 100 120 140 160
242 r/mm

P9 ZRI N WA e e 2 Bt 2k
Fig. 9  Distribution of liquid rotation coefficient

in pump chamber

IS A B S LT LR WA A A R
BEHAE, A6 r <75 mm Al r > 135 mm 5 [, 84K
Jié i ZBOR A T KR B % 3, 3X A X 43 S L
Tk e O ) B B eS¢ b 5 OBE T DX, 3L 1A RS TR
BT I i 12 DX S8 A R I R X B AR e e
RBURKAEILH] 0. 835, fiw/ME N 0. 6943 A4 2
NIk, S 3 {H 4K Yl 0. 745 0. 747 0. 742,
FRENEREHIRGERGIE 6,5 0, X 88 1A e i
£ B A R R W, 0, X 3 T8RS 249 T % iy o E i
KT 60,5 0, Ul W5 T 45 T 001 E 5% i1 ok B 5 i)
5, W] DL W, DA VA TE R 1) E e R R OR
A5 TR RAECR 0.75,



132 1 R | = SR

2020 4

3. REFRHYMEZFRESNT

Jie i 8 M T A P XS e 8 PR S T A L Ol ok
Bt O A SO B T T AN [] 9L B e | BE TR
it B2 oK 25 AL Sl R X T B AR RO U, TS
Bk 0, AR AR 2 e R Bk 1 oo .

K1 REFHRERVRGREEXSH
Tab.1 Sensitivity analysis of average rotation

coefficient of liquid

o W Q/  REMEEE e WIERTHIER
Evosiaed *
(m*-h~")  R/pm  (remin”')  RECK,

1 7.50 50 2900 0.747

2 6. 00 50 2900 0. 745

3 9.00 50 2900 0.748

4 7.50 25 2900 0.736

5 7.50 75 2900 0.764

6 3.75 50 1450 0.750

7 11.25 50 4350 0.743

PIS 1 AR 2 IR, 2 5 R e e 35 THDRLRS 2
A i 7.50 m?/h BEARE] 6,00 m’/h B A
Jig k% ZH0h 0. 747 FEAKE 0. 745, B R 0.27% , Ui
BT 7.5 m’/h SEBIE] O m’ /b AR BE RS AR A
0.747 ¥ N3] 0. 748 , W4 lig >k 0. 13% , % 3% B 37 1
R, T B 2 B8R, T W8 5% U ek 1 0 5 | AR i 58 A TR IR
DA ] 388 084 o0, 46 o o 9 A, S BSOS e e D7) ik
JEFBAR e % R BCA B 25 R AN
AR g e F HHURE BE Hy 50 wm FEAIRED 25 wm B, AR
Jig e Kk 0. 747 FRAIRE] 0. 736, By 1. 47% |, Jig
FC AR EHLRE BE 1 50 wm JEANE] 75 pom I, AT %
ZEih 0.747 #)m3 0. 764, 808N 2.22% , X &
W 3 B TRDAELRE J32 O, e % 28 JOHA  HLHE 1Y e e BE
T 117 20 Jo] R LA A bR o B2 i & , 3960 17 Y A e e
AL, VRV B AR 1, (5 e S R 2 T n v
TRRE 1 7 2 S DL A S M e O AN, SRR IR
Ji@ W8 AL B R0 o 24 Ui i R e 3% ML RE B AN i
FoFEH 2 900 r/min FEEE] 1450 r/min B}, & AR JiE
¥ ZBm 0.747 B #| 0. 750, B g N 0. 4% |, Jig 7%
B M 2 900 v/min B3] 4 350 v/min I}, AR HES%
F Bk 0. 747 BRARE] 0. 743, R N 0.5% . 3% i B
e T T g 2 R MRS T 2 2% B, 0 I B R B R
PR AR A0 X 448 2R A AR B T o N RO 2 PRI
JO@ M8 2 A L 0 S A B A T T R A K (R
AT AR, e Rk, =0.75 R JEre 5 ik
Z)AE T B 455 PR 42 401 2K 1) )k, A1 b % K0 [0 9 g
PR AE AR rh 7 B R, e T e T [ 5 4
PR BB ARAR 1) I RB B, 5 | WM e e R T %
T BT i 36 70 R N e e 22 %0 kA T 0.736 ~0.764 2

], e sh B/, AN 3% , % & R MR . 3
BRL21 =23 TN Ay 38 3 25 0 2R M IR v YA ~F- 229 e e
A 8L Ry I R T A B Y 1/2 WM T e AR R0
FE(H . ASSCINI 45 R 5 ORI 7 | HERA (160, d i
A SE e M 2 Hh AR e B AR B D g 0. 75, 9 —
SR — L R e A R RS X (10) B IERR T

3.5 SLOILEIE

10 m*/h, TAEA T oK, & 5E 9 F H, = 160 m 45 %
i, =2 950 r/min, M H 8 & 7 1 JEEE S, =3 mm, I
HNME D, =2r, =310 mm, M B4 2 =8, 0 A 1 5
J¥ b, = 6 mm, W FAH X W3 M B, = 90°, BL &, =
0.75, X r =155 mm B, fE AKX (10) 1+ 54 p =
1868 814 Pa, X Lt SCHA [ 24 ] ] J0, 1% 242 1 T 7 24
{E>& 1700 000 Pa, £ FjHXT 254 9.03% . X4 r =
135 mm B}, 31845 p = 1 487 165 Pa, % L SCilik [ 24 ]
AL, ZAEAR R )P 2 H 2 1400 000 Pa, Hs J AH X
WREHN 5.86% , L3 X HL A BT, B8 0E T A SO 2 e
W% 25 PN s g 0 A R A AR v 1Y T A B BB 8 1
FIEWE I I N ) 4 A e 3R TR
3.6 HRBEIMITEE

H I, @ mes 2 1 P s g 3 A R IR o8 T
N2, SCBR R G T e A N ) B e AR
i A AT TR0« i 9 T 1 SA 22 W T e 1Y) [ R AR
N5 ARV HE DR ) g A O R A . B Ik
RHE <y DX, 22006 [ i3 25007 1) JE 155 22 P 38 R g T
LR (6) ki3, 00 F r >, K8, A W iZ X I E Ty
S5 T g TRy, N RE 5E N & ML TR ) 3 A BUE R
Ly

1,, » r
) pz—?kpuz(l—g) (r<r,) (11)
P, (r>r,)
K10 R & T80 T Jig e Wk 3 =8 (10) |
(11) B TH 5 DA B 30 45 AL 09 42 1 43 A il £k

1.1

— R
LOP —a— g, =0.75043% (10)3 8548
—o— (1)

Fi J1p/MPa
< <
oo =)

l(I)O llIO liO 13IO léiO
{2 r/mm
P10 ZRJE AR IR T I A2 1 43 A
Fig. 10  Radial distribution of liquid pressure in

70 80 90

pump chamber



59 9

BOHE S TR 7 IR A 280 Y R IS IR N A T ) TR A 133

i & 10 ] WL, AH ] 2 42 47 B X (10) TF A3 {H
i e T (1) 3 5 58 76 RN 1Y 5% ) A BT AR W) 4
JHE 576 4. 308 o8 JE 7 114 20 S DX Bl VAR T B 1) ik Bl A%
O AL WAARSF G W I8 Zh LA RT3 T, R AR
K TEFe R 51 iy Fe Jy 42 THBk i) g, =0 (1) i3t
BAHSIRAGEIR 2P A w2 R e R
72 .82.5.93.103.5 114 124.5 135 mm Hf, 5 (11)
Wi A S 734 520,746 205,759 478 774 340,
790 789 799 610 .799 610 Pa, 55 i 5 #5718 # ¥ 15
22 00.8% , e KA R 250 21.9% , i T (11) A
xR e RN, HAE M5 O X A R R
SCHE ey B R DT INR AR S —SKF B A X R
i 5 S e iR 22 K . DA b 43 A 3R W 220 e e
RO HL LA IR A Sy B A 1 R T X R iR
PO A 4 TR 52 22 8K, DATR B % i — [m] 8 K
B F R (1 1P J R R 1 BEAE 3HT o
3.7 HFEBRIEE RPN

A8 A5 VR R e WS 2 EE B AL L 4y, L e X e
WA R A LA Lo G HE B D HR R E
TEH5 T W 5 i i A AR R A IR e A
i 25k IO P S 4 e e B O AR
XN

H :M

t

pE

d, = /4251;7” (13)
A H—JEmiE e, m
n— RN ERRERILEE, %
g——H SN, m/s®
d— 8 REH N HR,m
Q—HEWE R B Wi, m’ /s
n, TR, %
A (12) ((13) & JEmt & & kA Ew E il
B SRS A B IR GRY 5EN R

(12)

Xe TSR o I B A A AR %
KT SIEARE, R (12) P 1) p, IR
PSR B 9 220 T I 0 s o
7 v AFHVRFE 103002 (13) o FELBES 11 A
S P 08 0 1 A A 1 720 Y
e T b, BB I o X W I R e
U35 A 041 A B B
30 1A R L L — R A R
BT I 1oL B 2R R S (12)
(13) AT LA Jy
L)
24

4k wrQ,m,
= [———— 15
4= [ (15)

A (14) ((15) Hrafae r S ACHE e 2 880 k6 T Y TR
Jip e H, R UE O EAR 4 A R, X
N WA P e BE THIA B WL B B AR A A
o AR T — s 1 HLS LAl 2 2 M LR O
BITEN 583

4 g

(14)

(1) F& T e 7 I3 B 28000 At 57 17 e 58 58 e P9 1
BOA R B0 A T X B e N AR 1
TR T ER AT

(2) Hh 0 1R 5 8 5 e % o 2 A i 22, DR Ut
TE S IR RO B Y rp 5 | R 5% A8 ke, o0 B
ZERRW] %I T AR e e R Bk, = 0.75, i
BRI Ty B (E 5 I ) & B hr o X — 24
TR WS 252 14 10 45 2 HE AT 315, B IR 1 AR SCHR Y e
W f P s T B30 A R 1 T S

(3) AR Jie 5 28 M0 i TR 3R 1) SR O3 B R
W - B TR RS B2 TR ol | O 2 0 M B AR K S T
BN I T [ A e AR B kA T 0. 736 ~0.764 2
6], i B /N R ak 3% , 7] LATA o fH o

& % x Wt

[1] STEVE O. The roto-jet pump:25 years new[ J]. World Pumps,1996,363 .32 - 36.

(2] BZER, 5%, Dav 4. DEBEIR YRR BT B WA MK 738 [T]. 2 BT R 24224 ,1995,21(2) :33 - 36.
YANG Junhu, QI Xueyi, MA Xijin. Efficiency analysis of rotary jet pump and hydraulic design of collecting pipe[ J]. Journal of
Lanzhou University of Technology,1995,21(2) :33 —36. (in Chinese)

[3] BFR. WA NI HE M5 Lt [T]. 2203 T R34 ,1995,21(1) 126 - 30.

YANG Junhu. Theoretical head and impeller optimization design of rotary jet pump [ J]. Journal of Lanzhou University of

Technology,1995,21(1) :26 —30. (in Chinese)

(4] ZRu AN, BT MR SO B0 5 AR X e A Mk RE I S [ J . A4 3l J) 2% ,2016,4(3) =33 - 42.
ZHU Yang, KANG Can, MAO Ning. Influence of the collector and the inner guide vane on roto-jet pump performance
international [ J]. Journal of Fluid Dynamics,2016, 4(3) :33 —42. (in Chinese)

[5] ER=.BWRE.HEY,E. BRGNS R SR L] R REEM (ARF#IR) ,2004, 9(23): 194 -

196.



134

g Ak WM % 2020 4

[6]

[11]

[12]

[13]

[16]

(17]
[18]

[21]
[22]

[23]
(24]

[25]

WANG Yunyun, CHEN Cichang, YANG Changming,et al. Research of internal flow with in the impeller of roto-jet pump[ J].
Journal of Xihua University ( Natural Science Edition) ,2004, 9(23): 194 - 196. (in Chinese)
KUEL, BRSO, R 7R, 45 . @ I8 2R 7 7 I A &5 A A0 A B BB RS ST S [ ] HEREDLAR TR 2% 4% ,2015,33(1) :26 - 30.
LIU Yi, CHEN Wenpeng, LIANG Rundong, et al. Structure optimization and flow numerical simulation in rotor cavity of roto-jet
pump[ J]. Journal of Drainage and Irrigation Machinery Engineering,2015,33(1) :26 —30. (iin Chinese)
R e, . B ORRENET A R B or 52 [T]. T BH Dok e2f24 41k ,2007,29 (4) :372 - 375,
CHEN Yunfu, SHI Lixin. Experimental study of pressure distribution in pump chamber of centrifugal pump[ J]. Journal of
Shenyang University of Technology,2007,29(4) :372 —375. (in Chinese)
XULEAS SR AR, B2, 55 . B0 J JE I VRO MR R 0 43 70 B T B AR IE [ T] . HLBR A2 %4 ,2016,52(4) : 178 — 184.
LIU Zailun,ZHANG Sen, SHAO Ancan, et al. Theoretical computation and verification for fluid static pressure in centrifugal
pump side chamber[ J]. Journal of Mechanical Engineering,2016,52(4) :178 - 184. (in Chinese)
PARRONDO-GAYO J L, GONZALEZ-PEREZ J, FERNANDEZ-FRANCOS J. The effect of the operating point on the pressure
fluctuations at the blade passage frequency in the volute of a centrifugal pump[ J]. Journal of Fluids Engineering,2002, 124
(3):784 -790.
RAUL B,JORGE P,EDUARDO B. Numerical analysis of the unsteady flow in the near-tongue region in a volute-type centrifugal
pump for different operating points[ J]. Computers and Fluids, 2010, 39(5) :859 - 870.
BENRA F K, HANS J D, MARCEL Z. Comparison of experimental and numerical obtained velocity fields in a single-blade
centrifugal pump[ C]. American Society of Mechanical Engineers, 2006 265 —271.
GU Y,JU Y L,CHEN ], et al. Experimental investigation on pressure fluctuation of cryogenic liquid transport in pitching motion
[J]. Cryogenics, 2012, 52(10) :530 - 537.
RN, BELL, MR, 5. Taylor — Couette Ji 7 R¢ 1 HY PIV Il 4k K BB AR L[] 238 1K J1 24 ,2016,30(2) :67 - 74.
FENG Junjie ,MAO Yuhong, YE Qiang,et al. PIV measurement and numerical simulation of Taylor — Couette flow[ J]. Journal of
Experiments in Fluid Mechanics,2016,30(2) :67 —74. (in Chinese)
IMAO S,ITOH M,HARADA T. Turbulent characteristics of the flow in an axially rotating pipe[ J]. International Journal of
Heat & Fluid Flow, 1996, 17(5) :444 —451.
TR AL ET . TR WA TR R SRR I R IR AT AT (D] 22 M < 22 B TR 2, 2009.
ZHANG Hongxia. Characteristic of the start-up and analysis about inside flow field of the roto-jet pump[ D ]. Lanzhou ; Lanzhou
University of Technology,2009. (in Chinese)
JEHEAL. BEFBUN R NIRRT R AT SERE T [ D], 22 M . 22 M TR 2% ,2008.
TANG Lianhua. Calculation and analysis about inside flow field and performance prediction for roto-jet pump[ D ]. Lanzhou:
Lanzhou University of Technology,2008. (in Chinese)
Kl L B IS 5B M ] Ab s b 50 Hh A 2010 :564 - 565.
KIEAE , B At , 45 B O R B IR A T OB A S 1 18 518 1/0L ). el HLBR-# 42,2016 ,47(8) :42 - 47,324,
LIU Zailun, WANG Dongwei, HOU Yihua, et al. Experiment and calculation of fluid pressure in pump chamber and balance
cavity of centrifugal pump[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016 ,47(8) :42 —47,324.
http: / www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? flag = 1&file_no = 20160807 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2016. 08. 007. (in Chinese)
A2, 95 5. B LRI A T SO [T]. KR AR ,2009(6) :16 - 19.
HE Xijie, LAO Xuesu. The efficiency of centrifugal pump is evaluated by several formulas[ J]. Pump Technology,2009 (6) .
16 = 19. (in Chinese)
XU R, o 5 4F . B SRR RBOR R LB [T . HEMEBLBK ,2006,24(6) 24 -6,11.
LIU Houlin, TAN Minggao, YUAN Shouqi, et al. Precision comparison on slip factor of centrifugal pump [ J]. Drainage and
Irrigation Machinery,2006,24(6) :4 —6,11. (in Chinese)
TR TAE . WA HUBR B LM . 65 HUBE ol A AL, 2001
O, R BRI 0 R I A S I P AR I Bl e R I B 5K T [ 1/ OL ] AR HLB A 4R ,2016,47 (4) 229 - 35.
DONG Wei,CHU Wuli. Analysis of flow characteristics and disc friction loss in balance cavity of centrifugal pump impeller[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (4) :29 - 35. http: / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1 &file_no =20160405&journal_id = jesam. DOI;10. 6041/j. issn. 1000-1298.2016. 04.
005. (in Chinese)
KM L. AT HOR T MM . e a0 A0 pat, 1995.
EFEM, LW, B, % EBRZ &M AR RN F [T]. HEFE LR L2 %41 ,2010,28(2) 1103 - 106, 111.
WANG Chunlin,SHI Yating, LU Yayun, et al. Complex impeller shape and performance comparisons of roto-jet pump [ J].
Journal of Drainage and Irrigation Machinery Engineering, 2010, 28(2) :103 - 106,111. (in Chinese)
WA, 55 2 S WA MR K AR W AE K BT O R [T ] A ALK, 1996,23(2) 29 -31,45,62.
YANG Junhu, QI Xueyi. Discussion on efficiency of rotary jet pump and hydraulic design method of collecting pipe [ J].
Chemical Engineering & Machinery,1996,23(2) :29 -31,45,62. (in Chinese)



