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between pp and ps, and p is the specific weight of water (kg-m=). The element in brackets of equation
(2) expresses the specific energy Y (J-kg). Detailed investigation of related functions and relations can
be found in (Giilich, 2014) and (Kramer, Terheiden, & Wieprecht, 2018).

The overall efficiency of the pump #, or turbine #r is:

= = (3)

RESULTS AND DISCUSSION

Based on the measured values, the performance characteristics of all five impeller variants were stated
according to (Pugliese, De Paola, Fontana, Giugni, & Marini, 2016) and (Poldk, 2019). Fig. 4 shows
the pump operational characteristics, in particular the efficiency courses and the total heads related to
flow rates. The characteristics were measured at 1,450 rpm, which corresponds to a pump driven by a
four-pole asynchronous motor as indicated in (Guilich, 2014). The measurement was carried out at a
constant pump rotational speed, where the flow was controlled by the throttle valve V, at the pump
discharge.
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Fig. 4 Performance parameters in pump mode at 1,450 rpm

Fig. 5 presents pump characteristics measured at 2,950 rpm, corresponding to a two-pole asynchronous
motor drive. The measurement procedure was the same as in the previous case.
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Fig. 5 Performance parameters in pump mode at 2,950 rpm
Fig. 6 below describes the characteristics of reverse turbine operation. The measurement was carried

out at constant hydraulic potential (constant speed of feeding pump FP). At this setting, the turbine
was gradually loaded from idle speed to 500 rpm.
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Fig. 6 Performance parameters in turbine mode

The operational tests have proved that all tested impeller variants are able to withstand the maximum
load even at the highest output without damage (here pump mode at nt = 2,950 rpm, P, = 3kW, Mt = 9.8
Nm).

CONCLUSIONS

As far as the pump operation is concerned, the graphs showed that at 1,450 rpm, the total heads of the
individual variants were almost the same, with the exception of the Shell variant, which showed a re-
duction of about 4.8% at the lowest flow rates. Conversely, at 2,950 rpm, all 3D variants showed on
average 15% reduction in the total heads compared to the cast iron variant.

Pump operation efficiency courses at the low flower rates were the same for all variants. At higher flow
rates, the efficiency of the 3D impellers increased gradually. This is particularly noticeable at 1,450 rpm,
where the Composite and Full variants achieved higher overall efficiency (by 5% in absolute value) at
optimum operation (= maximum efficiency) compared to a conventional cast iron impeller. Besides, at
2.950 rpm, ABS impellers presented flatter, thus more favourable efficiency courses and higher flow
rates. This is due to the lower surface roughness of the flow parts. The roughness (Ra) of the internal
coarse flow surfaces at the metal sand mould casted impellers ranged from 50 to 100 um. The roughness
of the impellers produced by 3D printing depended on the surface position. Vertical surfaces had a
roughness of 3.2 um, inclined and horizontal surfaces 6.3 and 12.5 pum, respectively. The metal rear
shroud of the composite impeller had a roughness of 0.8 um. Lower surface roughness results in lower
hydraulic losses and higher impeller flow rate, which is also reflected in their performance characteris-
tics.

In terms of turbine operation, the steel and cast iron impellers again presented lower overall efficiency
compared to the impellers produced by 3D printing. The difference is particularly noticeable at the
Composite variant, which had higher efficiency and especially output compared to cast iron impeller
(on average by 4 to 6%). Again, the cause can be found in lower roughness and therefore lower hydraulic
losses. This fact is confirmed by the increased machine flow rate when using impellers made with 3D
printing.

Based on the results described above, the FDM Rapid Prototyping method can be recommended for
testing hydrodynamic pumps. Indisputable advantage of this way of manufacturing is the speed of pro-
totype production - in this case the production time of one impeller did not exceed 33 hours.
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