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Study on High-Speed Centrifugal-Regenerative Pump with
an Inducer”
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Abstract The study on high-speed centrifugal-regenerative pumps with an inducer (HCRP) is carried out. The
combined structure of inducer, centrifugal impeller, and regenerative impeller is presented, and a theoretical parallel
combinatorial hydraulic design method is investigated. The comparative experimental results show that efficiency in
smaller capacity region, head coefficient and efficiency in larger capacity region of HCRPs is few lower, much higher
and lower than those of high-speed centrifugal pumps, respectively, and that the suction performance of HCRPs is
determined only by inducer. HCRPs can be more suitably applied to deliver small-capacity high-head liquids in
chemical and petrochemical industries.
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design method for

high-speed centrifugal-

Regenerative pump is widely used in chemical and
petrochemical industries to deliver small-capacity and
high-head clear liquids!*?!, but there exist many prob-
lems to be solved, such as low single-stage head, low
hydraulic efficiency, and narrow operation range due
to its sharp head-capacity characteristic curve. The-
oretical analysis and experimental study have proved
that the efficiency can be improved by changing the
geometrical parameters of impeller blades!®¥ and
by decreasing the clearance between impeller and
pump casing(®®. However, the head increase effected
by changing geometrical parameters of impeller and
pump casing is limited. For a large increase, the com-
bination of regenerative pump and centrifugal pump
or gear pump is investigated(”®! and multistage vortex
pump is also attempted!®19l.

The head coefficient of regenerative pumps is sev-
eral times higher than that of centrifugal pumps, the
characteristic curve is much sharper, but the suc-
tion performance is worse. The high-speed inducer-
centrifugal pumps have advantages of compact con-
struction, convenient maintenance, satisfactory suc-
tion performance, and wide application range due to
the inducer design, but if designed improperly, posi-
tive slope may occur in the characteristic curve which
will lead to small capacity instability.

In this paper, regenerative pump and high-
speed inducer-centrifugal pump (HICP) are com-
bined organically to form high-speed centrifugal-

regenerative pump, and a parallel combinato-
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regenerative pump with an inducer (HCRP) is in-
vestigated on the basis of our newly-developed low-
specific-speed high-speed inducer-centrifugal pump.
Finally the comparative experiment between high-
speed centrifugal-regenerative pumps and high-speed
inducer-centrifugal pumps is carried out.

2 THEORETICAL INVESTIGATION
2.1 Structural design

The proposed structure of HCRP shown in Fig. 1 is
very similar to that of HICP. The centrifugal impeller
(Fig.2) can be designed as a closed complex impeller
or an open impeller, behind which are an interstage
diffuser and a regenerative impeller. An inducer is
installed at the inlet of the centrifugal impeller.

Figure 1 High-speed centrifugal-regenerative pump
with an inducer
1—inducer; 2--centrifugal impeller; 3—diffuser;
4—interstage channel; 5—regenerative impeller; 6—seal
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Figure 2 Centrifugal impellers for Pumps X1 and X2

2.2 Hydraulic calculation

As shown in Fig. 3 the characteristic curve of the
regenerative pump is almost a line with the hydraulic
head decreasing sharply with the capacity increasing,
while the curve of the high-speed centrifugal pump
indicates that the head decreases slowly with the ca-
pacity. The characteristic curve obtained by piling up
the two curves has no line section with a positive slope
and therefore the pump produces no small capacity in-
stability certainly as a result (see Fig.4).
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Figure 3 Characteristic curves
1—regenerative pump; 2—high-speed centrifugal pump

Figure 4 The flow channel of a regenerative impeller

The parallel-combinatorial hydraulic design meth-
od is presented to design HCRP, namely, the inducer
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and centrifugal impeller can be designed according to
proposed design method of HICPs in Ref. [11], and the
regenerative impeller can be determined in accordance
with the given method in Refs. [2,12].
2.2.1 Performance parameters

The main performance parameters of HCRP are
efficiency 71, head H and suction performance. The
suction performance of HCRP is determined by the
inducer only, if the match between inducer, centrifugal
impeller, and regenerative impeller is designed prop-
erly.

(1) Head

The head H of HCRP can be calculated by

H = Hcen + Hvor (1)

where H.., is the head produced by high-speed
inducer-centrifugal pump, and H,,, is the head pro-
duced by the regenerative impeller and determined by
the following formula due to the fact that the charac-
teristic curve is almost a linear!21%]

Hyor = Hmax(1 — Q/Qmax) (2)
3 D2 —0.93 ¢ 0.47
H oy =0.154 (R_m) Z (g;) .

bl u2 Rz
(o) (5) (& ®

1 g m
where H,., is the head at zero capacity and Qax
is the maximum capacity. Because Qa, is in direct

proportion to the area of flow channel F, so we can
havel(!:?)

Qmax = (0.9—1.0)k, Fu (4)

(2) Efficiency
The efficiency  of HCRP can be obtained by

pgQH

= 5

= 09QH en 4 PgQHyor ()
Tﬁ:cn n\"ﬂl‘

where, 7ce, is the efficiency produced by high-speed
centrifugal pump, which can be determined by the
proposed method in Ref.[11], and 7y, is the effi-
ciency of the high-speed regenerative impeller calcu-
lated byl12:13]

pQHvor
wD3(2ay + b)[§1(Rm/D2)pHvor + Ezpug/géﬁ)

Mvor =

For HCRP with self-flush mechanical seals, the vol-
ume efficiency due to the capacity transferred from the
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pump discharge to mechanical chamber must be taken
into consideration.

Some parameters in the above formula can be cal-
culated by the following expressions

ky = 1.4
& =12(1 -4 x107%)RF
€2 = 0.17(Ry/ R4
Ry = F/(2a; +b)
where F' is the area of flow channel
F = ayB + 2a1by

2.2.2 Geometrical parameters

Inducer, centrifugal impeller, and diffuser can be
determined according to the proposed method in
Ref. [11]. Herein the main geometrical parameters of
regenerative impeller and flow channel are discussed.

(1) The area of flow channel F

Incgeasing the area of flow channel F is advan-
tageous to making the characteristic curve a gradual
one, and therefore the operation range increase, but
the best efficiency point (BEP) and applicable opera-
tion range move towards to the large capacity region.
Therefore, F' should not be very large and is deter-
mined by

F = (1.05—1.20) F, (7)

where Fy is the area of flow channel calculated by the
proposed method'?.

(2) Geometrical parameters

As shown in Fig. 5, the geometrical parameter pat-
terns are under the best design condition

b2 0812 8)
b

asg _ .

o = 0407 (9)

3 EXPERIMENTAL ANALYSIS
3.1 Experimental condition

The experiment is carried out on two HCRPs, X1
and X2, and three HICPs, G1, G2, and G3, whose
design parameters are listed in Table 1. Pumps X1
and G1, and Pumps X2, G2 and G3 have the same
design parameters, respectively. The geometrical pa-
rameters of regenerative impeller of Pumps X1 and
X2 are listed in Table 2. Pump G1 is a single-stage
closed complex impeller high-speed centrifugal pump
with its discharge diameter 154 mm, Pump G2 is a
two-stage complex impeller pump with two impellers
being 171 mm and for Pump G3 the impeller is open
with its diameter being 155 mm.

Table 1 The design parameters of five pumps

1

Pump Q, m3:h~1 H, m n, r-min—
X1 3.0 250 4500
G1 3.0 250 8500
X2 5.0 850 8500
G2 5.0 850 9500
G3 5.0 850 13600

Table 2 The geometrical parameters of regenerative
impeller and flow channel of Pumps X1 and X2, mm

Pump Rz R, B b by by a1 ax Z
X1 53 47 145 5 25 4.6 6 3 60
X2 525 475 129 5 25 38 5 2 60

3.2 The experimental results of Pumps X1 and
G1

The experimental results of Pump X1 and G1 are
shown in Figs. 5 and 6 respectively, and some numer-
ical results at @ = 3.0 and 4.0m®*h~! are listed in
Table 3.
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Figure 5 The experimental results of Pump X1
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Figure 8 The experimental results of Pump G1

Table 3 The experimental results of Pumps

X1 and G1
Pump Q,m*h~! H,m ¢ n, % NPSH, m
X1 3.0 250 4.0 20.3 0.40
X1 4.0 227 3.632 25.1 0.45
G1 3.0 252 0.543 20.5 0.60
Gl 4.0 248 0.535 25.5 0.65

From Figs. 5 and 6 and Table 3 it can be seen that
the characteristic curve of Pump X1 is much sharper
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and its head-coefficient is 7 times higher than that of
Pump G1. When @ < 4.0m3-h~!, the efficiency of
Pump X1 is almost the same as that of Pump G1,
but it is not the case at @ > 4.0m*h™1, the effi-
ciency of Pump X1 is lower than that of Pump G1.
At Q = 6.2m>h™1, the efficiency of Pump X1 reaches
its maximum 7., = 27.8%. The suction performance
of Pump X1 is absolutely determined by its inducer,
that means the match between inducer, centrifugal im-
peller and regenerative impeller is properly designed.
3.3 The experimental results of Pumps X2, G2
and G3

Figure 7 is the experimental results of Pump X2,
while the curves in Fig. 8 are the experimental results
of Pumps G2 and G3, respectively. Table 4 are the ex-
perimental results of these pumps at capacity @ = 5.0
and 6.0m®h~!.
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Figure 7 The experimental results of Pump X2
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Figure 8 The experimental results of Pumps
G2 and G3
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Table 4 The experiemtal results of Pumps
X2, G2 and G3

Pump @Q,m*h~! H,m ¢ n, % NPSH, m
X2 5.0 852 3.845 21.2 0.40
X2 6.0 824 3.723 243 0.45
G2 5.0 858  0.570 21.3 0.80
G2 6.0 853 0.567 25.0 0.90
G3 5.0 876 0.707 195 1.30
G3 6.0 872 0.704 23.5 1.45

From Figs. 7 and 8 and Table 4 it can be seen that
the characteristic curve of Pump X2 is much sharper
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and its head-coefficient is 6—8 times higher than those
of Pumps G2 and G3. When Q < 6.0m®-h™!, the ef-
ficiency of Pump X2 is almost the same as that of
Pump G2 and a little higher than that of Pump G3,
but it is not the case when Q > 6.0m*-h~!, in which
the efficiency of Pump X2 is the lowest and n of Pump
G2 is the highest. At Q = 8.2m®h~?, the efficiency
of Pump X2 reaches its maximum n,.x = 28.5%. The
suction performance of Pump X2 is also determined
only by its inducer, indicating that the match between
inducer, centrifugal impeller and regenerative impeller
is properly designed.

From Figs. 4—8 and Tables 3 and 4 it can be seen
that the efficiency of HCRPs in the small capacity re-
gion is not lower and much lower than that of HICPs
with a closed complex impeller or open impeller, but
it is much inferior in the large capacity region. The
maximum efficiency of HCRP is also lower, and the
head of HCRP decreases much sharply with the ca-
pacity, leading to a narrower operation range.

3.4 Industrial application

Two HCRPs X1 and X2 have been applied in re-
finery installations to deliver small-flow high-head flu-
idized liquid and desalted water, respectively. More
than one year’s on-spot operation of these two pumps
shows that the operation is smooth and reliable with
low noise and small vibration, satisfying quite well the
demands of continuous production processes.

4 CONCLUSIONS

(1) The design method of high-speed centrifugal-
regenerative pumps is presented, the structural com-
bination of inducer, centrifugal impeller and regen-
erative impeller is carried out, and theoretically the
parallel-combinatorial hydraulic design method is in-
vestigated.

(2) The comparative experiment between HCRPs
and HICPs shows that there is no difference between
their efficiencies in the small capacity region, while in
the large capacity region the efficiency of the former is
much lower than that of the latter, the head-coefficient
of the former is 6—8 times that of the latter, and the
suction performance of HCRPs is determined only by
the inducer just like HICPs,

(3) Due to its double advantages of regenerative
pumps and high-speed centrifugal pumps, HCRPs can
be more suitably applied to handle small-capacity
high-head liquids in process industry than high-speed
centrifugal pumps and regenerative pumps.

NOMENCLATURE

a;  height of blade of regenerative impelier, mm
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az distance from blade discharge to the channel wall,
mm 9
B width of the channel wall, mm
b width of blade, mm
by half of the blade width of regenerative impeller, mm 3
bo width of the channel, mm
Do discharge diameter of impeller, mm
F, Fy area of the channel, mm?
H head, m
k1 coeflicient 4
g gravity acceleration, m-s ™2
n rotation speed, r-min~! 5
NPSH  net positive suction head, m
Ap radial clearance between impeller and casing
Q capacity, m3.:s~1 6
Ry, Rz entry and discharge blade radius of regenerative
impeller, mm
Ry coefficient 7
t distance between discharge blades of regenerative
impeller, mm 8
u periphery velocity, m-s™!
z blade number
da axial clearance between impeller and channel wall, 9
mm
n efficiency, % 10
£, €2 coefficient
p density of pumped liquid, kg:m~3 11
w angular velocity, rad-s™!
Subscripts
vor regenerative pump
cen centrifugal impeller 12
max maximum value
13
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