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Influence of Suction Pressure on Cavitation Characteristics
of External Gear Pump
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Abstract: External gear pumps are mostly used in open hydraulic circuit, such as transmission,
pressurization, fuel injection and lubrication, etc. Because of the low suction pressure of the pump, air
will be mixed into oil inevitably, which has a negative impact on the hydraulic system. In some special
occasions, such as high altitude hydraulic system, because the equipment works at high altitude
environment, the suction pressure of the fuel pump (e. g. gear pump) will be lower than the ordinary
atmospheric pressure, which will undoubtedly lead to under-pressure suction of the gear pump and
aggravate the cavitation phenomenon. In order to study the influence of high altitude working environment
on the performance of gear pump, it is very important to fully understand the flow law of oil in gear pump
and analyze the influence of oil suction pressure on its cavitation characteristics. In order to study the
influence of suction pressure on cavitation characteristics of external gear pump, numerical simulation and
visualization test method were used to analyze an involute external gear pump. The gear pump was widely
used in fuel injection system. The simulation and test were carried out at 0. 05 MPa, 0. 10 MPa and
0. 15 MPa, respectively. The vapor volume fraction distribution of the gear pump’s internal flow field was
numerically simulated. The actual flow state, bubble size, number of bubbles and cavitation degree in the
gear pump were recorded and observed. The results showed that at different suction pressures, the fluid
in the gear pump would have different degrees of cavitation. The cavitation intensity from strong to weak
was as following: vortex flow, veil flow and bubbles. With the increase of suction pressure, the number
and volume of bubbles of the oil would be decreased gradually, which would reduce the max value of
vapor volume fraction and cavitation degree of the oil, made the flow state of the oil more and more
stable, and then improved the continuity and stability of gear pump’s outlet flow.

Key words: external gear pump; suction pressure; cavitation characteristics; numerical simulation;

visualization test

Wk H . 2019 -01-13 & H# . 2019 - 02 - 03

BEEWA: UWNARHEERLH(17ZD2GA010 ) FI [F 5 T 5 55 50 % JF i 5 4 9 H (GZKF —201823)
1EER A B (1989—) 3 4 8 NFRIEL S S5 E BT, E-mail: limingxuel234@ yeah. net
BEESE: HEDR(1963—) 5 #0487, LA S0, E8ANFIREL S SEHBFF, E-mail; Yanggl@ lut. cn



%3 1

] G5 WM TR ) X A G 1A R 2 A A B 5 421

0 3

58 B Sy A WU R 2 455 v i R B 3l 0
e B R R TE AT A T Ik TR B 1 B R
WAL 4. W R Z M T 7 R000E [ B 114 5
BETE SR M i Y TR O R
TIBAR 28 AR A BN % R R G857 e A F
SR SRR TR B A, 0 M X B A AR
W E R G T R B AR T T R
S R, SR, 14 5 A A S T B g U, L
TR 726 T3 RS, 5 B0 46 52 10 3 )R 0L
TE B R ZE AL B G S TR R AR R
ZE AR FR B X U 5 A T A R RE Y S, FE A T AR I
2 VA TSR Y A Sl ML, 20 T I TR g X s Ak
FEPER R Ay T

HAT, P oh 3 %0 1 66 0 25 L v i BF 5t L &2
AP NG BT s
A7 A R S A A AR e, s fe o
R R S SR W T ) X4 % T s
LA IR I RF IR £

R SC LT R G5 T I 2R 1 WA U % 5 B
FExF G, F) B R0 R T B0 AR B f 07 1%, 4 e
VL E 3 R [ A % 3 E 0 R R W L OE I
RTINS W 3175 00 3 5 4L, 6T 17 5 5 4 o9 0 0
(AR A RS O R S I 7E R [ 0%
JE 1R % 5 102 A0 A AT 20 AT, LLIBI S B 0 ah TR
306 5 A5 AR T R R

1 HFF&IIMEERTRAABXE

H T £ Sh WG & 15 e A TR T A AR R A B
FIC 5 B 1A 8 70 2 A o g [l ol T B D T A2 46 1Y
s T 3 B R HE SR F

N T T I3 B, B S A XS AT R 23, A
K1 FR .

2 RIS

230 1o U 8 A e e € s HE B A TR R S
e — %A L BC 5 1R 8 14 4% 0 360° 1y i 7, B AT A 2]
R 58 B — U W HE I i 28 D 14 3o e, 9 T R R A 2R
AR R
2.1 HmMBEEHHIERE

SR A IR S T A A A A A A
e, S8 L —Fe W HE IR 00 AR 26 . FERT 3 Al 2
R A7 A A — s AR it T, (L7 R 2 A
T TRCF) T T e R o A R i o AR A 0 i
U 2ok b ey ] 5, R Al ) ot s 0 A5 S AT ) S Vi

il

BL T i 14 e R P9 X R 23 O 2 A
Fig.1 Schematic of internal region division of
involute external gear pump

LR 2 W0T AR 58 (0, 0, 20 i ARER 2 N6 58 o 7))
3. EBR(G,) 4 KR AR B S, i AR 6. Wk
JEE 7 WahEaE 8. Fe i R AR 9. HehidaE 10, el

N L S ANl o ST UL o P [
2.2 —xHEEREGREZHMIRE

I 56 B — 58 W HE R TAE IR B8, — XA B
A (56 V15 47 T e 360° , ik FEANH .

(1) Wil 72 e 45 R b — % TR G i &
58 T A, — XA ELTE S P A 1 B IR i mE A, B
AT 1A ] A9 s 328 ¥ 9 e 9 76, o8 LA e T AR AR
R0 i o R I A AR X R e B @, o

(2) g ik 72 A0 B BC A A48 O Ak L Te % , 8 4
AT I 98 R0 A s e S8 ol 5 0 () T A s PN 1 e VR s
O B A5 48 i B O R Ty, o R X R
A EE R @100

(3) HEah 3o 72 < A0 BTG G 09 46 14 A% 2L e 5 | i
S ) A B P % 9l 3 3K HE T R L o O 1R T
B T N 1 V328 T 5 1 58 BUAS e T A 10 B 1 HE il
TE AR A R A I A B R @, o

(4) AL T2 - Bl A e % ok 72 1) 4k 22, A HL T &
(0 %6 1A A KG 1A 52 0 M I T I ik A 5 R3S S
BRI — % 58 14 BT #4514 R T A R 2 2 i A /N
J TR O BB A A T LR B TR G A G
B B 1A 58 A 6 ARG BRI R AT 55, R Bl
B ks AT E AL, T — 5 TAETE A T 16
RIS I 3 R T 07 28 3ok 1) F BE R @10

% 56 B — %8 W HE TR AR R B T 8CRT T X
BG4 AR R R Y 2
B, T X R A VR vl o R 43 A B S



422 & ol HLOM ¥ R

2019 4

S8 B ik BTN s i 38 A8 TARAT 55 o
3 HEMHMEEM

Sl o W iy % U e S A AR RE M R I SR
CFD ) J5 1 % FLE 47 B3 08 1 FLASE 4L
3.1 HEER
TEBRCR A A LM A EN R, i TE
ST BT NI 3 1 R AR U B, 2 A R A
i 1A [ B, ST B ASE AL G ] 2 s

A e

|

Fig.2 Calculation model of involute external gear pump
ENNE AN bg e abSE DI S AR (IR L2 &
), e EEH SR 1 s,
k1 FEILASH

Tab.1 Main geometric parameters

P B EJifas AR 14 5 Wi e/
- mm (°) 4 ES B mm
BfE 3 20 0.5 1 0.25 33

3.2 E=HAEA

TE TR 58 25 P9 BT U PR O A B (T g e v
AT Fluent 16. 0 B {F#EAT 5K % , 1 F Mixture LR,
AW ER s AR R . £ Mixture #1780 f) fiR 33
N AR 2 R RS LA YRR RSO 2 1] B4R
3 ot ZUEL AL R F 4 A5 1F . P, AR A i Bl
HA R IR A L A A O B — B TR A I AR AR AT O
Br L B R R sy R

(1) FEEME
IRE AR
%pm +V(p,v,) =0 (1)
AL
%(aupu) +V(ap,v,) =R, - R, (2)
(2)shEsFIE T2

9
E(pmvm) +Vip,v,v,) =

-Vp+V[u,(Vu, +v,)] (3)

(3) fe st~ a7 2

S}
E(OLIPIEI +a,pE,) +Viay, (pE, +p) +

av,(p,E,+p)] =V(k,VT) (4)
K p,—IRA TR
p,— A WA (2 + I 2877
pr—WARAH (VR ) %5 B2
v, — A AR B R

o, — AR B

o, —— IR A AR FR 2 2

R,—flj

R,— I K%

p— AR E T

E,— A RE &=

E— iRt RE =

T—IR A& it A4 Tk 2

kA AR
SN T F 4 E ) Reyleigh — Plesset J5 2

d’R, 3 (dR,\?

?+7( di ) -

R,

et 2o (5)
P R, dit  pR,

Kb R,—ABFERE py HWNET]
p—H & 3 7RG
o— MR R MK )

RANR = (5)HEFGHH .
3.3 HEAEMBAEN

A | B (L) ~ (5) AT B, ok
SIMPLE %532 52 33 B A K ) 2Z 8] A &, s 7 T
ks 2R Standard A% 20, HA 500R F — B 20 XU
Ko IR BT X A% AT RE 23 7 153 I & A 4
KAETE , R SR = fA 08 A% X & 2 J 7 i 3 53 X
BGHEAT AR 43 o AETHELE SR T B AR A ] A T
20 %8 S e R T X Y R R e S A R AR O
P T 22 fiuh A P T8 B AN T BR/INGT R, IR HE I A
TR B AT T 38 S (B A A U

THEE X B A 25 1) e 5 AN R ek %, DR B 7E A2 Y
TLIRCR FH s A% o B R, T B e R B
(UDF) 25 7€ 3 N U7 56 0% % 30, 258 TN i 3o 1) 4 B 5
A7 1 T8 B A R A DL PRI O A B 3

TR 3 NS4 58 0 B AR 45, T AR A
[l % 325 2y ] 1) £ B Dy

mn

® =30 (6)
XP o B A rad/s
n % B %L 3 r/min



%3 1

LA A W TR T X S0 A 0 R 2R S A 1 G B2 423

BERE IR N 1500 r/min, 78 UDF w2 17 1) £
MR 157,08 vad/s, 2445 56 U 4T e i i 18
UDF Hh gt B2 6F S B + 7 e = BIVA] f34iE 3 )
A% BE IR B 117 A HH B AR AR

KA AR M B AS (Unsteady ) |, Jif i 15 54
K RNG k — & B 7 BE i b By i b s 5% R Ak
RE T 7578 5 A 0 R 8, R 1 R B0CH 0. 040 48 N-s/m”
Wy 880 kg/m’ 5 g T Bk HY T A B A& I O S
B3, Ve 2R3 P S, R M R R RO JE AL +
JE 7 00 HEh O TR S350 6.3 MPa, g TR TR
U 36 3 % ot AR A S % it AR 080 W T I T p,
B A 0.05.,0. 10 0. 15 MPa, I 4b 5 B W% HE il
JE F1 45 46 5% K 77

4 AHALRE S SR

Oy 56 E 2 A T 2 P S O 7 0 (AR AL 194 o A
RN AT RS
4.1 ARLRERE

A AR G T B I A R i L R R AR
HL L BE T I I 1R G A I A A U R 4
niEl 3 s

B3 Wi s e T AL I 5 R SR T A
Fig.3 Schematic of visualization test system for
cavitation characteristics in gear pump
LlAs 2.0 ukd 3. WM 4 KBRS Rl 6. R
W7 gt 8 fEIMRHLPL 9. mEERR AL 10, BR R &

1112 R AR 1314 15, JR R

W PG AR S E 4 Fios . b TR EEET
AT AL, 5 6 AT H U ¢ D47 %8 255 1A S i 9 17 52
B I 2l AR A R0 23 Al e 1, a2 B A7 4 2 0 AR RN S
Ui o A HL I3 (PMMA ) it 17 Ao
4.2 RWEH

RARUEZE J 53 BT B HER I | 1 8 A ] 09 i %
FBEB A . X TAEA B L — HM 464471
FEWR R, I R G B Ak ) R BRI B S 22°C iR
LS n o 1500 o/ min, #5538 iR 228 +10 t/min

SRy T AGALL I S W T R 3 R A s MRt ) A B
IR AW 1 ARG R ) 2R 53 B %y - 0.05.0
0. 05 MPa, Hif [T & g 2 % 0y 6. 2 MPa ( A 4 b

3
4 TR R
Fig.4 Gear pump for visualization test

LoATSaE 2. Ak 3. SN

WERAE A 0.1 MPa, U0 035 & 0] 8 £ 9 30 i 77 p,
K K 0.05,.0.10,0.15 MPa, i £ #1 po K
6.3 MPa) ,JE /1 %1% 2 K £0. 002 5 MPa,

4.3 HZERAW

T A X B AT HIOE AR LR AT A K 5, 4 i A
W3 g 2K 0.05.0. 10 ,0. 15 MPa i 15 3 42 N 3 %7
Y SRR B R N L PR g RS . AT
PRUEXT EE 43T R A R0 0 o il 7k, A 4 R ) A
BB B, 43 BIAE 3 B0 I ) 35 B B A 2o A )
1 RE B (B O %8 540 1 A8 TR ) % I A SR AR FR
SR B SR EL S TR .

B S af VA L 7E 3 R R R S AR I
Yy 2E M () 35 s B0 T SRR B A K F 0
1y DX 3885 Bt WO P ) R 4 v ORI R B F O
(4 DX I AE 2 1] v 8 7R 1 0 3 T AR 3, L TR
FEGW A /N o 163 P K R, 22 N AR
BTN TR R Y s A IR 4 5 FLB A8 Wil T R 4 e
S5 DAL TR0 e R MR AR B 43 A 3 /) ] B G
25 A5 R 723 Ak 30 TR A 32 W 0/ o

A AR 45 2R WO, B T R T il R AT
% DX 38PN 11 255 A R P 55 T S R (ELGS W 9l i 7 () T
B T Fis B %6 O 522 A0 A7 B DX 338 P 25 A R 1 1) 52
M AE 5 W . SN SEBR T AR A (I 1 i 2R HE X
W) W 6 frs .

TEE 6 o1y 3 I ; U7 48 S8 4% 65 Sk I 4
e % k1 A k2 A i — A A A 48 1, m1 A
m2 Sy Jg — X AHERC A 52 B ROR M, Ve RIR
AL, Vx FRIRWEIR T o

TEE 6a 76 k1 k2 F1 m2 A4 5 A X 38 ( B ¢
[ TAERS T) N, BEE 50 M BERE , T 1 (R B8 4R 1%
R I FF G WA R, 5 B0k X8 ) BRI, I 22 W
TR J) AN 18 R R FE AN B A 5 K A
25, [1 IS 22 8 TR ) 2 /<0 E T O DX N 1 TR
T 25 S5 2 R AT Y, S5 W 25 R0 A L B LR
VBRI Baie i iat (Vx1) 19 35 30, 40 i pl A -2



424 & ol HLOM ¥ R 20194

% G %

100 100 100
Fqnm .rmm Ft‘m.ul
—'.21.82 "-81.82 -81.82

72.73 72.73 72.73

163.64 L63.64 L63.64
5455 54.55 54.55
HJS.-&S * 4545 .l 4545
| 36.36 L 36.36 36.36
i.27.27 27.27 ' 27.27
2L 18.18 18.18 18.18
lt)m lt).w It)m /
0 94559 0 72.16% 0 61.42%

(a) P{:{],Uf_\ MPa |_|i)lf¢J: 0.10 MPa (e) = 0.15 MPa
Bl S ZE TR I MR ARG B o TR

Fig.5 Vapor volume fraction distributions in internal flow field of gear pump

(a) p=0.05 MPa (b} p=0.10 MPa () p=0.15 MPa

B 6 2 SERR I SRS

Fig.6  Actual flow states in internal flow field of gear pump

PEFUE T, f T R A A e AT, W IR T A By
A AR BN TERR A TE O, B B A i %0
BT WA (VX2) , BE AR WA AR fE & 6D
e kL k2 A m2 MR X (T A, e il TR
M7 2 0 o0 7 A 25 O R R T =
B AT 9 XS P B S A (Ve) |, I FF Bl
FEAT ORI (B e A il O A AR E 5 #E
ol ERMEDRA AR, 20BN B (67 AR UL R ) 9 %
AT LT R B (B B Ak R A Fig.7 Changing trend of maximum vapor volume
SERFE . TER 6c H FE k1 k2 Fl m2 4 A X fraction with suction pressures
BT P T T A BN B R A o
M s SRR AR 5 T Ty IR AT i i A0 2 O S 14025 {95
BT RO (B) MR B SRR g
Si i 7 O I DA a8 2 R T R
T LA Rt HLR R A AR FE, DRI DGR B
Ak 3 R R

LRATIEL 6 WHL, B A IR s T B R R N Y S

80

TR AR B

70+

60

0.05 0.10 0.15
Wil FE F3/MPa

R2 TUEEEBHEANTHER
Tab.2 Changing trend of cavitation degree with

suction pressures

Wi [ 73/ MPa

PR3 EE RS /DN, LR Y 3 B W O 25 AL L X R 0.05 010 015

3L, 5N 25 b 1 3 14 905 P78 45 /08 0 750 2 14 119 EUBA OVl eV2  Verd b

SRS AR IR W R TR BT R e B : i
RuR-QIE DI E EADR i TSI SNaRIN A

S 55 T ) P 7S A 2 P T R . i P T R 2 2 T 1 A 3 00 7 AL B A % AL

R 2 VAT ) e R A A B BB A it T T B R I Ty e R /0 158 B HCAR B Y s A R



%3 AEWIAE S W TR 6 S kA 1A e R S AR R 425

JEE i 3 W% itk s 7 A R R A 22 R AT o ULRCH B> AR ) R N T

5

&t

19 5 AR 3 B2 i)
(3) Bt W 3 s 7 B9 388 O, 2R A O 3 Y =S A AR

()3 U E T, RN RS S ORI + == ) 3220 B AR, % I8 i I

AFEFEEM S, S B RBMRR R SRR BOR BOF A2, 28 1S3 1 2428 10 4 1Y
R (Vx) SRR (Ve) TIEL(B) . SRR E M

(7]

[8]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(2) Bt W i T 7 1) 38 R, 2 PR 9 B Y

£ % X W

AP AE 26 AR W ST [ M. 50 AUBR Tl R AR, 1982.
PR, A, EEAL. Raiie R IM]. st YU Dok hdt ,2007.
JARA. WHREZEBAERN S SR L HPI 5 ID]. Jbat: b B T k% ,2015.
ZHOU Junjie. Study on cavitation in multi-connected volumes and its effects on the operation of gear pumps [ D]. Beijing:
Beijing Institute of Technology, 2015. (in Chinese)
. R BTN T B T 6 7 R R B B R BFSEL D). M b M K 2016
LI Jianing. Design of hydraulic system and lightweight research of drill arm of drill jumbo used in small section tunnel of plateau
[D]. Xuzhou: China University of Mining and Technology, 2016. (in Chinese)
2 E AL S RSP b R s ZS e A [T ). %S & 3l AL,2008,34 (1) 146 —47.
LI Guoquan. Analysis of altitude performance of aeroengine oil pump[J]. Aeroengine, 2008, 34(1): 46 —47. (in Chinese)
7 A . T IRER B AR AU ) R GRS e S B R T 1. 35 T R 4 ( B AR B AR ,2004,20(4) 48 - 50.
JIN Shengsheng. The influence and measure of plateau’s environment for engineering mechanical power system[ J]. Journal of
Qinghai Normal University ( Natural Science) , 2004,20(4) :48 —50. (in Chinese)
RIEMSLAGH K, VIERENDEELS J, DICK E. An arbitrary Lagrangian — Eulerian finite volume method for the simulation of
rotary dis-placement pump flow[ J]. Applied Numerical Mathematics, 2000, 32(4) . 419 —433.
KL I A, A R TR S BRI G R R T E LT ] R R R (B AR ,2018,46(9)
101 - 106.
DU Ruilong, XIE Anhuan, ZHOU Hua, et al. Simulation on internal gear pumps utilizing lumped parameter approach[]J].
Journal of Huazhong University of Science and Technology ( Natural Science Edition) , 2018, 46(9) :101 —106. (in Chinese)
CAMPO D, CASTILLA R, RAUSH A, et al. Numerical analysis of external gear pumps including cavitation[ J]. ASME Journal
of Fluids Engineering, 2012, 134 (8) :081105.
SCEW L AR B SRR T ZS L RE RS S5 4 A [T ] MUK 53 He ,2018 ,46 (19) :50 - 52,22.
WEN Changming, LI Yulong, ZHONG Fei. Research on cavitation performance on the inlet side of the gear pump[J].
Machine Tool & Hydraulics, 2018, 46(19): 50 —52,22. (in Chinese)
XUBL, B2, TR/, S A A Y X LR 25 S Bk [ /0L ] el MLk~ 41 , 2013 ,44(6) :280 - 286.
LIU Wei, WANG Anlin, ZHANG Xiaolu, et al. Parametric on transition zone damping structure in high-pressure gear pumps
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44 (6) :280 — 286. http; // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20130649 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2013.06.049. (in Chinese)
B, X% %, B0 S0k G 147 0 % PN T A U 3 RO B AL LT ] T3 5 % L2012, 37(1) 17 - 21,
LU Yaguo, LIU Zhenxia, HUANG Jian. Numerical simulation of the two-phase flow in external gear pump[J]. Lubrication
Engineering, 2012, 37(1): 17 =21. (in Chinese)
ZHOU Junjie, VACCA A, CASOLI P. A novel approach for predicting the operation of external gear pumps under cavitating
conditions [ J]. Simulation Modelling Practice and Theory, 2014, 45(6) :35 —49.
ANTONIAK P, STRYCZEK J. Visualization study of the flow processes and phenomena in the external gear pump[]J].
Archives of Civil and Mechanical Engineering,2018,18(4) :1103 —1115.
VR SRHEHE, XK. LT FLUENT RN 8 R N % i [J ] HLUR 5 UK ,2013,41(7) :189 - 191.
XU Yan, GUO Jinjin, LIU Jie. Analysis of internal flow field of gear pump based on FLUENT [ J]. Machine Tool &
Hydraulics, 2013, 41(7): 189 —=191. (in Chinese)
BooE W e, 8 2, S U — AR T Ak A U T A e T R Bl Y L AR e D7 vk LT ] LR 5 R, 2007,
35(12):114 - 116.
YANG Yuanmo, HU Bing, ZENG Mingsong, et al. Cause and solution for noise and vibration of external rotary gear pump
[J]. Machine Tool & Hydraulics, 2007 ,35(12) ;114 — 116. (in Chinese)
EIEA XU AW U 8 8 77 A M 7 1 D IR % ol s [T ] i MR A% 3l 5 55 2008 (3) 247 - 48.

LU Zhengnong, LIU Jie. Noise caused from external gear pump and its solution [ J]. Fluid Power Transmission & Control,



426 P A1 R A S 14 201094
2008(3) : 47 —48. (in Chinese)

[18] MUCCHI E, RIVOLA A, DAIPIAZ G. Modelling dynamic behaviour and noise generation in gear pumps: procedure and
validation[ J]. Applied Acoustics, 2014, 77: 99 - 111.

[19]  BUABE A, U, % B0 A0 TFA 0 ) 25 AL BB B [ J/OL ] R HLB A 41k , 2018 ,49(12) 1150 — 157.

ZHAO Weiguo, ZHAI Lijing, XIA Tian, et al. Numerical simulation of slotted blade in centrifugal pump on cavitation
suppression[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(12) :150 - 157. http: / www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20181219&flag = 1. DOI:; 10. 6041/j. issn. 1000-1298. 2018. 12.
019. (in Chinese)

[20] SR Z BRaAIm, 38)7 5, % AR LU AR RO O R MM R W IR A A S RS2 0 A [ 1/ OL ] RME ML 2741 ,2018,49(12) 1143 — 149.
ZHANG Renhui, CHEN Xuebing, GUO Guangqgiang, et al. Reconstruction and modal analysis for flow field of low specific
speed centrifugal pump impeller[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(12) ;143 -
149. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file _no = 20181218&flag = 1. DOI: 10. 6041/j. issn.
1000-1298.2018.12.018. (in Chinese)

[21] 0000, 30 F5 4, g 1E , 6. 3T Fluent B9 3 RIS AR B BUE 2 Hr [T]. R85 nhifi ,2015,34(21) « 54 - 58.

LI Beibei, LIU Xiumei, LONG Zheng, et al. Simulation and analysis for cavitation flow field in a throttle valve based on Fluent
[J]. Journal of Vibration and Shock, 2015, 34(21); 54 —58. (in Chinese)

[22] 4. fi i I 1 AU M A A FE [ D ). BTN - Wi L2, 2003.

GAO Hong. The study on cavitation near the orifice of relief valve and cavitation induced noise [ D ]. Hangzhou: Zhejiang
University, 2003. (in Chinese)

(23] ZEJp, AR Shuhia 16 5 28 3 S R B LS HOE w3 B [ )] Al ML~ 4% ,2009,40(9) 214 - 219.

LI Yulong, LIU Kun. Dynamic model of trapped oil and effect of related variables on trapped oil pressure in external spur-gear
pump [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(9) :214 —219. (in Chinese)

[24]  BRPOL, R EM XUMAL, %5 fibiad K 5 AL 22 0 28 o 3R 72 3 2 Ak B R 09 BB L [T ] HLAR D72 22 41k, 2006, 42 (6) -

211 -216.
CHEN Qingguang, WU Yulin, LIU Shuhong, et al. Numerical simulation of unsteady cavitating turbulent flow in the whole
flow passage of a Kaplan turbine [ J]. Chinese Journal of Mechanical Engineering, 2006, 42(6): 211 —216. (in Chinese)

(L#EE 419 I)

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

ERTURK N, VERNET A, CASTILLA R, et al. Experimental analysis of the flow dynamics in the suction chamber of an
external gear pump [J]. International Journal of Mechanical Sciences, 2011, 53(2) . 135 - 144.

CASTILLA R, GAMEZ-MONTERO P J, RAUSH G, et al. Method for fluid flow simulation of a gerotor pump using
OpenFOAM[J]. Journal of Fluids Engineering, 2017, 139(11) . 111101.

PELLEGRI M, VACCA A, DEVENDRAN R S, et al. A Lumped parameter approach for gerotor pumps: model formulation
and experimental validation[ C ] //10th International Fluid Power Conference, 2016 : 465 — 476

LIU J J, SONG R, CUI M M. Improvement of predictions of petrophysical transport behavior using three-dimensional finite
volume element model with micro-CT images[ J]. Journal of Hydrodynamics, 2015, 27(2) ; 234 -241.

SUNG H J, MIN H K, NAM Y J, et al. Design and experimental verification of a port plate in a gerotor pump to reduce
pressure pulsation[ J]. Journal of Mechanical Science and Technology, 2018, 32(2): 671 - 678.

GAMEZ-MONTERO P, CASTILLA R, CODINA E, et al. GeroMAG : in-house prototype of an innovative sealed, compact and
non-shaft-driven gerotor pump with magnetically-driving outer rotor[ J]. Energies, 2017, 10(4) . 435.

FEAREE. WU R I T A BB S L J/OL]. el MLb A4, 2016, 47(2) : 1 - 14,

WANG Fujun. Research progress of computational model for rotating turbulent flow in fluid machinery[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery, 2016, 47 (2): 1 — 14. http: / www. j-csam. org/jcsam/ch/reader/view _
abstract. aspx? flag = 1&file _no = 20160201&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2016. 02. 001. (in
Chinese)

DARYUS A, SISWANTARA A, DARMAWAN S, et al. CFD simulation of turbulent flows in Proto X —3 bioenergy micro gas
turbine combustor using STD %k — & and RNG k — & model for green building application [ J]. International Journal of
Technology, 2016, 7(2): 204 -211.



