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Energy Loss and Flow Characteristics of Self-priming Pump under
Different Flow Rates

Zeng Jilai'?  Xian Shaohang' Shao Ancan’ Nie Xiongjie’ Shen Zhengjing'? Zhao Weiguo'~
(1. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2. Key Laboratory of Advanced Pumps, Valves and Fluid Control System, Minisiry of Education, Lanzhou 730050, China
3. Prons (Fujian) Pump Co. , Lid. , Songxi 353500, China)

Abstract; Based on the entropy production theory and the Q-criterion vortex identification method, the
internal flow characteristics and energy loss mechanism of a self-priming pump under different flow rate
conditions were systematically investigated. The results showed that the energy loss inside the self-priming
pump was dominated by turbulent entropy production, which accounted for an average of 63. 8% of the
total loss. The turbulent entropy production losses in the suction chamber and the gas —liquid separation
chamber were highly sensitive to variations in flow rate; as the flow rate increased, the maximum relative
growth rates of these two losses reached 72. 2% and 44. 8% , respectively. In the impeller and the volute
regions from the fourth to the eighth cross-sections, the turbulent entropy production was primarily
governed by turbulent kinetic energy. In contrast, in the regions near the tongue, between the second and
the third cross-sections, around the return hole, and at the outlet of the gas —liquid separation chamber,
the turbulent entropy production was jointly governed by turbulent kinetic energy and vorticity frequency.
The separation vortex was the main source of energy loss in the gas — liquid separation chamber, with its
vortex intensity proportion increased from 7. 2% to 34. 1% as the flow rate increased. The wake vortex
and the channel vortex jointly dominated the energy loss in the volute region. As the flow rate increased,
the maximum relative growth rates of wall entropy production in the suction chamber and the gas — liquid
separation chamber were 60. 4% and 28. 7% , respectively, while those in the volute and the impeller
were —7.4% and —7% , respectively.

Key words: self-priming pump; energy loss; entropy production theory; vortex identification
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Tab.1 Geometric and performance parameters of

self-priming pump
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Fig.1 Three-dimensional model of self-priming pump
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Tab.3 Experimental instrument parameters
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Fig.4 Numerical and experimental performance of

self-priming pump

R 44,18 m’/h, WEHZFRFIRCR 508 27. 1 m Al
44.76% , HULAT UL, A IR ARPE BRI AR, DL fb 2
K

Shr B 1 5 D9 g e A 2 11 S AR A I X 4%
KR AT RAL 1B 0. 60,.0.80,.1.00Q,.1. 20, .
1.4Q, 5 41 R B T8, %2 o9 35000 30 OF J B (.
B, 1 4 v SR S B T A B A A0 R i
2o XTEERT UL RS 5 AR A 2 IR AR Ak i AR —
, BERIF TOLMHE W& B e, Wik Tl T,
Pt OR K Dy R 00 (5 AL A X 1R 2% 4
MK 4.21% 3.16% Fl 4. 58% , 4b T H (H 40 7
VRIR2ZET0E

3 #R5WE

3.1 AEERBFH=RRTUNE

MRS AR = IS, F WAL N BB RE 41 2% A] 40
TR PR i o e i O g RE TR P R 3 ER 4.
KI5 ARl & 3 40 ok SOLAE SURi = b
Wi, INIELS W LA M T 00 77 468 2% Bl i o 3
gt L7k, 78 0. 6Q B A /MA 20. 8 W, 7E 1. 40,
B3 28 27.3 W, 76 SV 77 b o e/ HEAR RS
IRAAERFTE 0. 6% ZoA7, 3 W] R AR 6 1k 9 B 452 5 |
E R RE P AR A R, 78 SE bR 3 A b AT 2 g AN

Tt DA 7 458 2 i I A A S U Sl B e/ IME
H0.60Q, B 2 150 W, 7E 1.4Q, B F+ & f K{H
2782 W it Y i 7 0t S AE A e e o L e, Y

30007 D EEEANFERA
I S 7 o
asool VBRI
2000
z
K
IX1500
&
EIOOO—
500 F
0
0.6 0.8 1.0 12 1.4
/0,
[ =R RN
O AR ARk
W BE TR R
100
80+
& 60F
2
e
20+
0

0.6 0.8 12 14

1.0
010,
K5 ORFEIZEBE 1k B & 1
Fig.5 Proportions of different entropy production

loss components

IKF 63. 8% , Kt T bk 30 A& H R N8 F- 2 g &
PR B THT I 7 453 2K DU I O 2 15 I A S 4 R
M 0. 6Q, 117 1263.2 W _ETFE 1.4Q, 111 1 581.7 W,
FE YR T U e 4 S B T 5 1N ) M 0 T BE X
R EAE TRy, T A0 RE TR B I ) R AR R
BE TR 7 401 2% 70 SV 7 v 24 5 T 208 35.6%
L5 BT UL TR AW B AT AR i D A
A EF T NFRBEE K
3.2 AR AR = R i

itk — s B WO R RS R S A AR,
D R o T S P s iV A 3 N iy B N T
T 1 R S A ARG 7 A A 3 KA e W R o L
O3 o AEBIRE o5 Rl R ORF, S
RS 7 o LB AL S 1 02 R, O 5y B R
WA FEAR P U RRSE BT, S R AR LR
PERFAEBARACY , (EHAFEREAZ A TOUF 4
DX I = Dk o A ST, 2 AR N SR R

SR St 53 BT S T AR 7 B I AR A
PLO. 6Q, T340 T 4 7™ S i, 23 0 1+ 380 ik 1 4 &
0.80,.1.00,.1.20, % 1. 4Q i B4 34548 7= A %t
HROR, GUR IR R E B I ROR IR A T
7, 43 5 K 76.06% ,52.32% .57.66% 5 51.31% ;
SWarEEMKEEZL T REBER, 55 H



278 B A VIR A I 2026 4
WSS E O WAE EIRE SRAE miE =T i
— AR 0 B BT 0.1%
257 1 s : it
4800 [438% 1507 o | [33.6% A sol
s I
4400 + 04% 2299 =
0.5% ;g 60
E 4000 =
K L 4ol
3 3600 2A7% £ 40
35.8% =
= 2
& 32001 = ol
145.3%, 3.60038.29 _21.6% 005057 13 75,
2800} =
R—Y3 0.8 1.0 1.2 1.4
24001 | 05% 38.7% 0.5% 30.8% Q0,

0.‘6 O.IS 110 l.‘2 l.‘4
010,
Ko A AR G A = 45 2% o L
Fig.6  Proportions of entropy production losses in

different flow-passing components of self-priming pump

46.85% 32.58% .27.61% 5 13. 46% ; W75 K %
16.0.8Q, J5 ¥ M, 23 MK 0.01% |, — 14.18% .
-5.28% 5 - 4.60% ; M- e 3G R &2 iy 1E 5% 1
Wl T+ 1 3 3 R AR, 4300 R 8.22% |, - 15.91% |
4.27% 5 2.40%

AR R E R R, AR S5 EEW
P B AR A A A BEURR, T B A 2 i I A B T
Haohn s i ST S A e S B el S BT
WAL B, B, FEE XA TR T4 A
WA AR | B AR el I 58 R 5 | 28 7 )
PR NG N Tt T g
3.3 FENRIBERRHETE

B 7 R AR IE N AE BT B =
el R A b, 7 T R K
W% 5 B = T T e o BRI T AR
STRIME 5 LE N ET AR, LL 0. 6Q, T30 i i A
PR M AT O WA AR o3 B = i KA
FFHEZRAT N 72, 2% F1 44. 8% | W FE 45 B K
AT AR Ry 7. 6% F - 15. 4% , N RIX—
P AP it A 5 R ML AL DA A5 3 S 4 i 9
PR AT T

BT 50HT, EHU5E 0. 5 A5 = AR 42 iR
SERRIR G B 2 YD AR R 43 07 10, JF v iy
PR A A 52 R 0k 8 ANFRAEWT I, FH LA R Si 48
71N Ui DA 7 52 8] 43 A B HLAE LR, 2% D) 1D g
HE W T B B AN 8 IR

JAE RSB b e A T A 7 X I AR
PRARBBURR (AR5 AN 14. 7% , PRI 9 Y
7N B WS IS Wi 5E BSR4 B e A
ROA . A8 H A A B RRAE W E AT LA
it LR 7 2R DI R AR T T 6 Ak W TE IV 0 1 VI
Z I8 AL DX e VIR T VIDZ ] B X3k F &

P17 A AN R I A R 2R
Fig.7  Proportion of turbulent entropy production loss in

different flow passage components of self-priming pump

(b) IR IRFEAF N
B8 VI FRFAE W i s

Fig. 8 Schematics of section plane and characteristic

(a) B Span 0.5 i

cross-sections

BRHT C1 DXk W I A i T =2 (8] D1 DXk, [l i
fLAL E1 X8 SO B % 1A F1 XK, fal
U O T s = R AR R D Y LN
i O 55t 720 P BB 7 2208 18 J8 5 1) 3 A1 522 B
AN FRPE AR 43 15 4 e i X 2 A e
SR ALI I, QR A TR, A R
S IR S Sl U VAN W (2 = S P R PR e
BT,

Tt T 7 3R 11 3 R ) PR 2840 45 Ui 20 BB AN U
TR0 Sy B AR AL, 1B 1011 4351
S5 H T MR IX 8K A i Sl R T S R S AR R A A, Ko
e 9 .10 11 &, A1 BI X 8 5 6 7= R4 0l 5
A2 B2 It s A R 0, il B 3 26 467 1Y)
i EE him sh 8 £, M C1.D1 E1 F1 X5
TR M5 €2 .C3 X, D2 . D3 X1, E2 \E3
DI, K2 K3 DXk ] s v 043 20 B -5 3 I I8 2
AR X IO, 1 B 3 2 DX 8K %) 4 7 i 3l BB S e I
W R ILEVER . 28 LR, A1 BL X35 RE & 5
& YR TRORUBE it U T 2% 1) v Bl e SRR, Rl
ABNIIRA 0 2 T, o E K0 sh Be ) B4 =3
SRZUFERL, 1M C1.D1 E1 F1 X5, figf4i e AL o
R AR, Rl K S G R AFERN , s 4
B JE G SR T Y) SR E M Sh A5 MR S R K
ANRUBEIRTIE , X Se I e A S iR sl i — 25



220 11

WAk A5 AR T AR AR R 5 WS R 279

W/(m?+ K)
4300
3870
3440
3010
2580
2105
1720
1290
860
430

1.20,

KO IEEE 5T R MR B A TR R

Fig.9 Turbulent entropy production rate in impeller, volute, and gas —liquid separation chamber
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Fig. 10 Turbulent kinetic energy distributions in impeller, volute, and gas — liquid separation chamber
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Fig. 11 Turbulent vortex frequency distributions in impeller, volute, and gas — liquid separation chamber
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Fig. 13 Vorticity distributions in impeller, volute, and gas — liquid separation chamber
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Fig. 16  Three-dimensional streamlines released at mid-height of tip clearance at different flow rates
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Fig. 17 Three-dimensional streamline distribution of leakage flow at recirculation hole
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Fig. 18  Proportion of wall entropy production in main

flow passage components of self-priming pump (1) ERUETA %IZ e L LUBRE T N E , -
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Fig. 19  Wall entropy production rates of major flow-passing components in self-priming pump
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