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Inspecting defects inside impeller of electric submersible pump
by fluid pressure loss measurement method

SHEN Yue''?, WEI Shu-xian® , CONG Xiao-ran’

(1. MOE Key Laboraiory of Petroleum Engineering in China University of Petroleum , Beijing 102249  Ching;
2. College of Physics Science and Technology in China University of Petroleum, Dongying 257061,
Shandong Provinee ,China)

Abstract; The primary energy loss of an electric submersible pump ( ESP) is derived from its waterpower loss caused by flu-
id movement, and the additional waterpower loss can badly reduce the efficiency of ESP in employment because of obstacle
from the fraction of casting residua settled in the flow path of the impeller. According to the boundary layer theory, the ffuid
pressure loss measurement method was presented lo measure the flow path defect of the impeller by analyzing the local resist-
ance and pressure loss produced by the obstacle inside the flow path of the impeller under the condition of simulating applica-

_ tion using air as the media. The theoretic analysis and experimental results show that this method is quick and effective in in-
spéciing the impeller and has some revelatory action on measuring the abnormal change of waterpower construction of relative
small size and cﬁmplicaléd impeller machine,

Key words: electric submersible pump; impeller; pressure loss; defects; fluid resistance; walerpower construction

RERRE - EENPBR RS, R mIL
ARAR O B E g A, H AR IR K LR
ik KA FFFUR S 3 AR, H K R
KMEFM L SRALE, RE— KW 5% ~
62% 1, HBRE O RERERY 1
W AR R AT, MR ARG R
HYRIE RV I B AT TR S v SRR TR, S e
PRBE 3K, HECRE IR/, FE PR, U JE X i

Y7 E #9:2006 ~ 12 - 08
G T B EET 2 A4 5 (LRTO411)

HMABAMENER" ., BENEERAALE
MEEEF LbuE Rt 8RR, HAEK
ME B, BTREET RSN EAME, Bl
M (NDT) i) B R =B R ARRRAIE b
] A A B 48 P BT T LRS- skl S e Ak (H
MELLSERGE e A e, EHUEUEN
RLB A B R T I T A 1R R A AR A5 B3
SRH BB R TE e 0 s e B R T K ) 5

TEEE - R (1961 - ) B OB P IRAT A, R, M-I, DOl SO H T 2 Sin BESLCE S I R IR 5T



3B R4l

H O®FRREARLESEN SR RERAAT - 901 -

B S A8, LUK B PR 7 S A 0 4R R
BAERGRHE,

1 N=/EE
1.1 MHigiBss

LR LHRREE, MR T Y E
R BEMRMAAL RS LIFRE S #iE, i —
EAELH, KRERKETM <, RE IRy,
R L 1AL A 2, R ST R A B R L 2
FEKE) JHE B LA R R H TR
{y = a/2 + kx, (1)
z = b/2 + kyx.
A0 AREBA DR, m;b HHBEANEE,m;
ky ke ARG B T R

Bl EOHSREE
1.2 REARERNE SR

RIBH @RS TR ERR AT
Zoulish, fE B RS B e, R E S R R

B2 mRREnRER

R
] 3 2 2
u, e pu, a£+y(6u+6u)
Ix T By x ax’ By

du, du,
o Ay
R PSR B W IE AR S R A S, R
Y - FITHNEESNRRL F &

p%[fuzdy]—pUa%[fudy]=—‘g§3—ro, (3

ﬁmﬁﬁwmwaﬁasmﬁzzmﬁm,ﬁmggﬁ

T T

¥ r

B TR RGBT RE A 7 = s g;f 25 {k S EH
RIER 5 ma@;rﬁsﬁzﬁ%ﬁm%ﬁz,m%gﬁ >0

&E{%E&i‘% < O, 3633 8 b PR 7 I B

¥=0

TERUFER , 5 R EZ 28, iR s sh B R LK
SR EREERET SRR, FREEARTH
YA, NTTERGR I E 227 AR R 2B
HAMEER TR, FERMEZH K (500 < Re <2 x
10°) , SR 0 PHERA = A 1 R BRLE A 26

h i = = = -
» fazg ¢2A§g TP
pa, Q" (@)
2g(a + 2k,x)* (b + 2k,x}*°
Hp
X = a /A,

b, RREEABER (ZUEEE) ,m;¢, K
BYRREN EE e =2 | W EEHWHBHERE
B0 AW B, m' 550, HEHBYEHER, w4, %
RHAH AL R B AR, sy WA 5 A 50
AR AR, m/ s FE S IGENE .

FEZEFRN SR TR S R 0, B R
RIHTER R R o R BH R E A # & 0%
Wi o 1h F AR IS R R, AR AR « B
WRHE R, IR IR PR B RELE 15 7, LT » 3 KB
Bk /1N, DR, 4 3 R T AR LR D 7 A PR R TR e,
1« J7 SRR i T HEE A D AR SRR , HIR)E X,
R AR E SR AR K FRES O
By R p R L EE P ERGEM A D E R,
L3 HREEHRLHDE

TLIE P HE B A AR R BT 48 £ R
VLB A B HT S AC, o BB ) Ok A RESE A X 4 R
MR LR/ BN ERE R RN L
LM IE PR TR AR IR R L 3,

AiEAT — 1 K%k
'} ]

L g e

3 EHNRRER
WAERBHAORA, R ENERIFELE A
O, HRER Q, SHEEE N, BEBEHS
A, BIETE rBAR RS EBRFELZ R T E S
b}
p = pQ/AL (5)
1.4 FikEZRTNR
AN Q WAL EE, A&
BETHES, S REA RS L ERT BT
EEBAN, EhE— 1 FHBYHRERENQ,,
TEEABRA R S N - | A 0E S5 R



.92 . AN AF PO AHFR)

2007 £ 8 R

ARG, BLBN O, IR HREN by,
B Q. = Q.+ (N-1) Qo AR LB BRI R, T
B fH

W, =k HA, =8, 00, k'

S=[2wwmvuw.

LS BB L M EBRPETE S EY
(3B RIWEAAFEEEN) A, Y EBRSHBE
i,
B A
Q8
AN
R SRR R B I A S, = 5., A
AT BTN RRE A AR L, =

= S’O Q{zla

() IS B Y 57, —szAmeG)
BB ) Y
po > (6)

o S+ (£7(2840))
A.p, M po ZHAH YR E | o5 B K
FIE L, Pa,
#(6) BTG
P _ ({:1./(2&;1‘13))+ (§.,/(2gf’1§))2 _
Po 3, S,
HIETI(E,/(2g1))) < S, AW BRI, I H £, =

4%ﬁﬁmﬁ%%&—%ﬂﬁmﬁ¢ﬁﬁ@i
B, 1 A, %0, 0

HA
:—L.
2g5,4;
WEZ RS EHESR
lpo —p.| = |Ap, | = pokd’. (8)

gaA(5) f(8) ATLAEY, EAE | Ap, | 58
ERE Q, HYLRERBEER A,  LHRYR
ERE BRI S, HRMETE R R o ML
PR & 3 B E A ey B L A B EEE
HRT S IRE TR EAERNME R
E,

2 XENBRES
TR R B R RN SR

B RESTE R AR R A Y

REHR”  AERNE 4 iR EP MRERE
AL IE 3840 e G SR MR A0 I, oot S AR 44
HEE R BB AR TR, MR S R E

FRMFXWHE UERIVE , REEE.

- "T‘?

[=m |-L| s o anesie | Eyeeaats seas|

B4 ZRNBERSNER

KELKIEY, M RWEURRELES ~ 50
m/s i, BIREUAE T ERME A X, 0T L3RS 2 r i)
BRI E U |LE AT R,
8 B T P ST | ABIRE R SR 25 HE
i, S ESASE 3 MU RRES G TIE
H AR B RS, YR WE ST R B G . &
TRAE TR a0 B B A BHBT S, A E R IE R
A ST AR A TR E R R (R T R
b7, F J) 6 AR R Al Honeywell 22 FJH) 24PCB 7
ZB I REA Y P, FFIR T IS HIT 4R B 2
AT B, WE S REZ M MmEE L E
[Ap, | BB AEZE | Ap,,, |5 AFBUEAH AL, 10
F| Ap,,, B BOEAE , BRI #8137 8 A FEAR XF
BRI ARG, THRM R BTH W Al R py
HF-291E p, , IR p, IR T HIR B9 BEAE , L BA -2 A
HREHFAHEE, L R Mg R, Ry
=

3 LRWESERIWN

PAHEEL Y7 30 m’/d (9 R 38 4 B0 40 S 0
L, EEETRE-RERNKE A RRHAD PR,
OB AT AR I A D #E B 33.6 x
0 m?, HOBEHN113.4 % 10° o’ LW FSF
BERUE AL BRASERE R py = 2.3 kPa( Xt
TN 25 ws) , Bl S5 BNAK (6500 RO AR 5
RIFDFiER B A TRRBRSy i v R ) p, SHIRE AL
MEENZE A = p - p EFHEMBRAT . B
— U S A B U B E AR L Wi 5
F6 Kt KES mMAD hRFE O
RUBH G Y 7= A W R N 22 Bl P ) BB A A R A 4
BEAYr-An 2 SREEE & A R
HEER,

M5 I 6 ATLUE Y g5 R L B, &
ey 2 ek, EREUSTERI K EuHAL 5
H(8) PR B S & HEI R A AR S



3k X4 K

o R, F AR H KRR LHRT RSB HE <93

LB T RIEA QMBS 4wk Em kT
HEIFAE AL, EhES5iiEEREREREXER,
BEMEALASEEHE, ERESETSHEANT
20% LB, S A D e f i AR 89 R D W2
SrHEEEMAT 30 Pa ) I, RHAEWIE A OARRTEL
FLE 180 Pa, @R T E K ESBIR AREAD
&b, K29 10% iiH w5 P Eb A B BEL S P B m] 7
3 70 Pa iR F135  ARFEHLE ) 1 &b, P A AR RS
FHEMTFERERE S HEH30% UL HikR
DA , — 5 100 9, T 2 A9 FEL A9 P 7 p 0 T A 1 1 o
AHBE SRS, EEREZHY %, REEREREZ
BREE R MR, e B BE S A, E8
PSS = M EE AR i —E T, R 128N,
FE %430 PR TR AR AN TR A R R R, ZEHGE i 1 ik e
A B E R A 3 AT LA 2, B B A e S B
nj F BEAE h7E RE A O B3R 6 th, 3
WiiE & m S R SR S A R B KT R
SR R YRR AR o MM,

1.5

A3 Ap/kPa
) -
n o

0.2 0.‘4 D.‘E O.‘B
AR & A X

5 SERETRHERERKESFE
AR R~ENENE

0.8

o R
S o.5f ®ER
5
ﬁ 0.4
R
0.2
0 0.2 0.4 0.6 08
HEam ALY
e SEARBRERWERE
ohEER A 7 A M E S 2

RN B A R R W], et R
AP, SRR IR 80 B, SE AT iRiE S A BT
MR R AR S22 | Ap, | = poK(a/4,)" SBHEF
PR RF ARE P S ERNEER R, W
By E R R B B RSB, Bk
T Ay F Ao/, -5 SRR B (8 P DUARAT TE SRR
BEERHT ARENES KA SRBHELI

Pl FE A AR 25 B B 3 8 R, B e AR P R
FEHUMA dE , X T B AR AR o A0 A E A L A5
HBMEER RS S THRERNEOE, K
TS B AR &4, MBI, 1B M RER
MEEE R -2 m/s, BRHETFREEANK B
M ARRSHRIVER MR, S EREE
BB EE R 10% £4. B i, T3
RS RERN R, EER TR EEEE SN
BERTE(REN2 3 kPa) #)20% 4B HE R
EHFAREN, FAHRHNSFHEERL, EHE
| Ap, |/, HERHE SR | Ap, | TCE M4 458, {H h
F R W AP p SRS, UL {E p. B
R ETE A E (BN 2. 3 kPa) #980% LU T A iRE
BEE A, DR T o 48 5 88 ) 0940 3R] RLGHIE
WEwa] .

4 HRE

ERUA LM RPXETR T, RAREES
ARSI e WE R T AT TR R R Rt
I JEWIE e, e — R AR BRI Ty 3 AT R 2
ANROT MR D ES A M BRBa I R — 2 RS
A

BE k-

(1] =8, EmEFERRBEANA[M]. dbat: 4T
Ar i REAE, 1994 :1-10.

[2] 4% .EZRHE. BiHFEREEHEINI]. PE&
#,1997(3) :3840,
ZHU Jun, JIANG Min-zheng. Energy comsumption anal-
ysis of electrical submersible pump[ J]. Energy of China,
1997(3) :3840.

(3] HER, ENE, DHFH, S EMBERELHH IR
APERAE S A (] i Tk 3 R M, 2005 (16) . 29-
31.
LIU Ju-bao, WANG Li-xia, MA Chun-yang, et al. Reli-
ability analysis of the dead impeller of electrical submersi-
ble pump[ J]. Technotogy Supervision in Petroleurn In-
dustry,2005(10) :29-31.

(4] XiEohk, S8, 258, [FihRE R ma Z gy
Bl iRy REAR,1999,6(2) .72-75.
LIU Min-lin, GAO i, LI Jie. Oil viscosity and its effect
on the property of electric submersible pump[J]. Oil &
(Gas Recovery Technology,1999,6(2) .72-75.

[5] =BRE. TEREIFIM]. ATk bR,
1986:131-140,214-216.

(F4% 101 )



F31 % EaM Bkt F R G AREERMER R RAEAH TSR - 101 -
4 g 5 -
3 & # ‘ (4] E3,KEH SR TRENERR LML ‘

(1) B ik P R 50 1) IR €8 SR B RE TP 5 S %
AT R GERANBE TR MBS, A SR
DT Y PE RGO T AR R AT W, (X
FIFRG S TN ERA R EE, LR T WA RE
RAERIRLE T SR T4 A — e 89 52 AR
Al 1R

(2) BN L TE B R B TR B M T vk, Y
BB NG RRE R BOERE B & W B — R
iRl %, T B U R w SR 5 % A R SRR 1Y
FITAMERRARE S BAN - MR — K B%
B RIREE , REEDULHOE 15 0 B 0 SR S RE AR 45, A
A HE e R E AR K.

BEH:

(1) FeRE REessR[M]. R BPHET REHE
#,1992.

(2] B4 SEWIM]. RE T E L, 1988

(3] MBE KORKBSLEMAIM] 2 B Jbm-H¥

B[T]. WAL Tk K448 ,2001,30(2) :52-57.
WANG Jing, ZHANG Jin-suo. Comparing several thethods
of assuring weight vector in synthetical evaluation{ ] ].
Journal of Hebei University of Technology, 2001,30(2):
52-57.

[5] #h&E. BIRGHEETMNE S RMELNE PN

(. BB T AS%E: 8 TR, 2004:29(1).137-
141.
ZHONG Mei. Application of analytic hierarchy process to
determining the weights of reward factors in some enterpri-
ses{ J]. Joumal of Kunming University of Science and
Technology ( Science and Technology) , 2004 :29(1) ;137-
141.

(6] BEAA. FUR U SHTH RE RO B30 28 B 2 AR

HI]. ME Al R B AR REIE,2002,3(2)
24-26. :
HONG Shao-peng, Application of arrangement analytical
method to work out \he proportions of the agriculture tech-
nical progressing factors[ J]. Journal of Hunan Agricudiur-
al University ( Natural Sicence) ,2002 ,3(2) :24-26.

.

; HE
W 1999, (%% HhEX)
(ER# 93 7) (o] MMt w30EWFESHLIGESN MG (T].
(6] ZFEwA. THEMENZEIM]). LR VUR T AER, G, 2005,33 (1) 4042
1980.224-230. LIU Jin-shi. Design of the flow-path inspecting instrument

[7] B, SN2 SRENMIM]. bR HERTI
HHE i, 1991 :96-103.

of idler pulleys and impellers of eleciric submersible
purps[ J]. China Petroleum Machinery, 2005,33 (1)

o

[8] STREETER V L, WYLIE E B. #{hH2%[M]. B 40-42.
K, 0 EE, 2L R dba S EE HARH, (% HEH)
1987 :306-313,
(EBEZEITR) (9] 4esEsk, Par, Shucde, 4. B F CFD M IR a

[4]) EWE. HERKS) DD HF—CFD 5 FHE S5 5
R M. G3b5 : 4k R AL, 2004,

(3] FERE ETREERSBHFRERBFILID]. &
B ARG TR SRR, 2004,

(6] Z=aJ Bk AEMBRSDNERSFEEERAEAR
W (D). E%:Efﬂi%ﬁﬁﬁﬁﬁiﬁ%ﬁ,
2002.

(7] &R, PH. KERBHEEE(M]. e B
Hifit ,1998.

8] i KAMHE LEHRIMI X FERLE

fgikt 1997,

SB[ Y], Fahdlig,2005,33(11) :15-17.
REN Lian-cheng, LIANG Zheng, ZHONG Gong-xiang,
et al. CFD-based simulation of flow field of hydrocyclones
[I]. China Petroleum Machinery,2005,33(11):15-17,
[10] |ew. ke, 2R, % WKERSERRSERD
SR IS (1], AR, 2005,33(12) . 1.5.
HE Hui-qun, YANG Zhen-hui, WU Gang, et al. Flow
field simulation on oil and water cyclone separator based
on CFD [ J]. China Petroleum Machinery, 2005, 33
(12).1-5.
(%4 RHBE)



