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Figure 1 (Color online) Schematic of test facility for PIV measurement of solid-liquid two-phase flow in centrifugal pump. 1, Motor; 2, stepless
variable speed device; 3, shaft encoder; 4, torque and rotational speed measuring system; 5, test pump; 6, 7, differential pressure transducer; 8, electro-
magnetic flowmeter; 9, 10, 14, 20, 21, 23, 25, valve; 11, filter bag; 12, exports of solid particles recycle pipe; 13, solid particles recycle tank; 15, filter
cylinder; 16, inverted cone perforated barrel; 17, perforated pipe; 18, water storage tank; 19, the porous outlet port; 22, the hourglass particle releasing

cup; 24, particles releasing device
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Table 2 PIV system parameters
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Figure 2 (Color online) The photos of three test-particles. (a) Rapeseeds, 1.7-2.3 mm; (b) glass beads, 0.4-0.6 mm; (c) glass beads, 0.8—1.2 mm
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Figure 3 (Color online) PIV measurement system and the main dimensions of test pump (mm)
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Figure 4 (Color online) The photo of test facility for PIV measurement
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Figure 5 Particle image with and without agitating. (a) With agitating;
(b) without agitating
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Figure 6 (Color online) Velocity distribution in single-phase impeller flow (m s™. (a) The original image; (b) the absolute velocity vector distribu-

tion; (c) the absolute velocity; (d) the relative velocity distribution
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Figure 7 (Color online) The relative velocity distribution of sol-
id-liquid two-phase flow( water-glass flow, ds=0.5, Cv=5%)
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Figure 8 (Color online) Pump performance curves (glass beans, ds=
0.5 mm)
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Figure 9 (Color online) The variation of solid-liquid relative velocity
near pressure side with the radial range(m s™)

[l Py 1 1] (A 0K P 3 SRR IR DL 4. 36 T BB R,
ERER IREEE DN NP RIEN S NS (T R S B
FORE, WURLHOK, W7 BE AR, X T A
R SRR, 1A JBORL HE A 85 % 5 AN 2 AR PR FE [6] i 7
BE, WURLAEN 2 P i o A T4 50, RIS LR/ MY
FIURE 5 7K L P R A e, RT X g 7 11 e kP 454
M.

2.4 [BIPRYSURE A A i 3 R I POD 43 B

PODJy ¥ 11 H (10 & 38 2 4 AL o B A7 MK 4 3
L3 3 I 4R U 6 B AL 72 A A AR AE . AR R
RO B ML 43 i o P HE B RRAE BT A 2 ) — 4 3
PRESOR FR AR, ik R B0 B A D 0 A FE B — IR i T
R AT AR B SRR . BTN
FHF EMG AL | {55 40 PRI RO B 4. PODALIE 70 #r
25 PR A o 4 S 50 B0 SRS v i =0
A E I R R, DUOR PR AR R 4 B 3 SR POD
IIMTAEC AL A P H A (1) B0 5 N Y R e I 2
B S R £l L A RS RGBS B B T R
EHEE. (2) 181 PODZM T ] 42 M 56 1E A 52 56 5
B N Bl 118 A P R S 6 %) ]

(i) POD{RIEEE.  PODAM T 5 A1 7% iE 4L POD,
POD M BRI 25 X FRPOD 3F1 4347 ). HihPOD
BT vE MRl o 900, Hausk) iz HFPIVEE 1Y ik
H. PODPR A J7 92 P35 B — 2 1 14 Ik 3 3 B S (x),
X S ik 2h 1R 3 B A [R]— A AL T B ] — )
TN AR A 20 8. B IR S B 3 2 ) Rk

1056

Bl 10 R[E A BURLLE RS TP A A E L. (a) TINSRAF RIS i (T
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FigurelQ Solid-particle distribution in impeller. (a) Rapeseeds (five
blades, Cv=5%); (b) rapeseeds (with splitter bladess, Cv=1%); (c) glass
beads (five blades, ds=0.5, Cv=8%); (d) glass beads (five blades, ds=1.0,
Cv=8%)
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Table 4 Movement characteristics of different solid particles
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PIV test methods and mechanism on liquid turbulence
modulation by solid-particles inside a centrifugal pump

Baocheng Shi'", Jinjia Wei*', Yijie Qiu', Qiuwan Shen', Xingkai Zhang' & Yindi Zhang'

! School of Petroleum Engineering, Yangtze University, Wuhan 430100, China;
2 School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an 710049, China
* Corresponding authors, E-mail: shibaoch@ 126.con; jjwei @mail.xjtu.edu.cn

As one of high energy consumption pumps, pump used for solid-liquid two-phase mixture transportation, such as
slurry pump and mud pump, is extensively used in the hydraulic transportation of solid-liquid mixture through pipes
in various fields. The erosion wear in slurry pumps has been identified as a critical issue during transportation of
slurry as it affects the equipment performance and reduces its reliability and operation life, leading to the waste of
energy. Many studies indicate that the performance and efficiency of solid-liquid two-phase centrifugal pump is
controlled by the two-phase flow pattern inside the pump, so understanding flow characteristics and abrasion
mechanism has important significance to improve the hydraulic design of the impeller for decreasing the abrasion
and increasing the service life of the pump. In the present study, based on solid-liquid two-phase flow as object, an
improved experimental facility without agitation was developed can improve the test precision by eliminating the
influence of agitation on flow inside pump and improving particle-liquid two-phase flow circulation way. On the
base of experimental studies, POD methods were applied to analysis the liquid turbulence modulation by sol-
id-particles and the behavior of large eddy structures will be clearly understood. Thus, the theoretical system of the
solid-liquid two-phase flow will be further improved. And a theoretical principle for the solid-liquid two-phase
pump optimal design will be presented.

The following conclusions are obtained: (i ) a superior PIV two-phase test platform than that in the previous

literature is designed and it can be very good to realize a stable solid-liquid two-phase flow measurement of cen-
trifugal pump. Compared with the traditional platform, the results obtained by the novel solid-liquid two-phase
centrifugal pump PIV test platform has a very high accuracy and it has a good reference value to understand flow
mechanism of a centrifugal slurry pump. The two particle images with and without agitating are shown in Figure 5.
As can be seen that alarge number of bubbles are brought into the circulation line (Figure 5(a)), which is caused by
a higher stirring speed for suspending solid particles, and thus the actual flow images shows a gas-liquid-solid
three-phase flow. However, for the present test facility without stirring, there is no such problem, and the original
image is very clear without bubbles. (ii ) The POD analyses show that the solid-particles injection has an important

influence on the large scale turbulence structures which contain a large amount of energy. The modal energy dis-
tribution as a function of the POD mode number is displayed in Figure 10. The energy contribution of these large
scale structures to the total energy becomes larger due to the injection of solid-particles, whereas the contribution of
the small scale structures, which denotes the energy dissipation, becomes smaller. This is why the low solid-phase
volume concentration has higher pump head and efficiency. The addition of solid-particle increases the friction loss,
but reduces the flow separation loss and inhibits the development of small scale vortex. However, with the increase
of solid-particle concentration, the friction loss increases is greater than the flow separation loss reduction, and thus
pump head and efficiency decrease. The above phenomena show fully that the solid-particles addition has an im-
portant influence on the large scale energetic eddy structures. This is confirmed by the measurement results as
shown in Figure 11.

solid-liquid two-phase flow, PIV test, flow characteristics, turbulence modulation

doi: 10.1360/N972017-01073
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