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Abstract
The influence of balance holes of rotodynamic pumps on the net positive suction head is not fully
clear. The lack of available information on the subject leads to the situations when deterioration
in suction properties of the pump due to the presence of balance holes is recognized during pump
test phase. Usually some holes are arbitrarily plugged. The paper analyses the influence of
balance holes on net positive suction head characteristics. The measurement data are presented.
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Nomenclature
H, h — dimensional and dimensionless pump head
N — number of measurement points on characteristic
Q, q — dimensional and dimensionless pump flow
Ng — pump specific speed
n, T — dimensional and dimensionless pump efficiency
o — average deviation between measured characteristics
NPSH3 - net positive suction head value calculated as 3% drop of pump
head
Subscripts
bh —  corresponding to impeller with balance holes
BEP — corresponding to best efficiency point for hole-less pump im-
peller
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1 Introduction

When selecting a pump for a pumping system, the NPSHR (net positive suction
head required) should meet the requirement: NPSHR < NPSHA (net positive
suction head available) and thus be sufficiently low. Use of the pump balance
holes usually worsens the NPSHR over a pump without holes, but is the cheapest
way to reduce axial thrust. Also in this case, risk of occur a cavitation erosion
could be higher — this subject was discussed in [7]. When NPSHR guaranteed
is unexpectedly high, ad hoc practice of the manufacturer is to plug a part of
the holes. Axial thrust must increase after this operation. Thrust bearings may
be slightly overloaded in multistage pumps and even more in single-stage pumps.
The designer should predict that but the relationship between NPSH and balance
holes parameters is lacking in the literature [1-4] as a consequence, the impact of
holes on NPSH cannot be quantified.

2 Test stand

Analyzed measurements in the paper was based on the experimental data. Test
stand is built on single-stage in-line centrifugal pump with specific speed close to
nqg = 30. Impeller is installed on electrical motor shaft. Pump casing with volute
channel is assembling to motor flange. Schematic diagram of the stand used to
research is presented in Fig. 1. Pump was installed horizontally. Nominal pump
unit rotor speed was around 2940 rpm. The pump has a typical radial shroud
impeller with 6 blades. The pump impeller with balance holes is shown in Fig.
2, all dimensions are given in millimeters. Diameter of the impeller blades and
shroud are equals. Pipelines, valves and tank were connected via created closed
loop system. In that case decreasing value of pressure in tank provides lower
NPSHA. This setting of water tank pressure level was used to induce cavitation
phenomena in the pump.

3 Measurements

To investigate how applying balance holes in pump impeller influence on NPSH
value, laboratory test have been performed. The experiment was divided into two
separate tests. In the first test, the results obtained include a cavitation curve
of the pump impeller without balance. In this case the lowest NPSH value was
expected. In the second case, made in the impeller, two ¢ = 0.006 m balance
holes were at a 0.055 m pitch diameter as shown in Fig. 1. All NPSH3 charac-
teristics for 3% drop of pump head were measured for almost the same flow rate

ISSN 0079-3205 Trans. Inst. Fluid-Flow Mach. 136(2017) 47-54



Influence of radial flow... 49

values. Rotational speed, power consumption and water temperature was also
checked during the tests. The study was conducted in accordance with ISO 9906
standards [8].
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Figure 1. Schematic diagram of laboratory test stand.

Figure 2. Drawing of the tested pump impeller with balance holes.
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4 Results and discussion

The results of the experiment are presented in the form of pump characteristic
curves. The calculated values were represented in a nondimensional form:
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To estimate the deviation between the measured pump curves, the following for-
mula is used:

1
T=\N > (hi = hen)® (4)
i=1
Figure 3 shows that the presence of balance holes reduces the pump head. The
average deviation value of the dimensionless head is about 3.2% of Hggp. This
may be a result of increased impeller volumetric losses. Some of the impeller
energy is consumed by the circulation of the additional.
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Figure 3. Dimensionless head-capacity characteristics for two cases.
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Table 1. Measurement data for NPSH values.

| ¢ | NPSH3 [m] | NPSH3 with balance holes [m] | ANPSH3 [m] |

0.331 1.149 1.680 0.531
0.488 1.860 2.250 0.390
0.651 2.636 3.320 0.684
0.816 3.419 4.060 0.641
0.922 4.031 4.740 0.709
1.023 4.660 5.587 0.927
1.124 6.337 6.700 0.363

Average NPSH increase: 0.606

This is also clear from Fig. 4. Decreasing head and raising volumetric loss leads
to lower efficiency. This drop of efficiency is significant and shows the effect of
balance holes on basic pump parameters such as head and efficiency. Calculated
average deviation of 7 is nearly 3.1% of nominal nppp. In the pump design pro-
cess this effect is very roughly estimated and sometimes not taken into account.
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Figure 4. Dimensionless efficiency curves included two study cases.

These researches were focused on estimating impact of the balance holes on the
NPSH value. Figure 5 shows the results of this study. The pump with impeller
without balance holes provides improvement of cavitation characteristic approx-
imately 0.6 m. In addition Tab. 1 presents NPSH measurement values for both
investigated cases. One reason for the increase in NPSIH is the increase in in-
ternal leakage. The @ flow through the balance holes estimated in [2] (formula
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T.3.5.10) is Qs = 0.018Q),, and according to [6] has almost the same value. In
the case of impeller with holes, the flow rate through impeller can be estimated
as Qn + Qs = 1.018 @), where subscripts n, and s denote nominal pump flow and
flow through balance holes, respectively. According to the similarity law, NPSH
is proportional to the square @ |2]:

NPSH ~ Q?, (5)

hence

NPSHwith bal. holes _ <Qn + Qs)2 (6)

NPSH Qn

Considering the value of NPSH at nominal point NPSH = 4.66 m this gives
a 0.17 m increase in NPSH. Comparing with that result, the measured value 0.5 m
is higher so another reason for the increase in NPSH may be the influence of the
stream coming from the balance holes on the pressure field at the impeller inlet.
That stream creates complex vortex structure. This phenomenon is unfortunate
that it occurs mainly at the inlet of the suction blade. As is well known, this part
of impeller blade is most exposed on cavitation effect. A more detailed description
of this case is in [5]. In paper [5] there is a CFD analysis for flow through rotating
holes. The conditions near these holes are similar to the impeller holes of the
pump tested. Figure 6 shows streamlines for fluid flow through rotating holes. As
a result of the rotation a vortex in the hole appears and the flow pattern at the
outlet of it is very complex. This may interfere with the flow field in the inlet of
blade channel, cause additional losses and lower the pressure on the suction side.
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Figure 5. NPSH values means by meter in function dimensionless capacity for two study cases.
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Figure 6. Streamlines flowing through rotating holes based on [5].

5 Conclusions

The paper presents an analysis of experimental data for the pump of specific
speed ng = 29.7. The tests were performed for impeller without holes and with
two balance holes. A relatively high NPSH3 increase was achieved at a nominal
point of more than 10%. Study shows that the impact of balance hole may
be significant for NPSHR characteristics and that further studies are needed to
capture quantitative relation between hole parameters and NPSHR increase.
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