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EXPERIMENTAL STUDIES OF PRESSURE PULSATIONS 
IN DRAFT TUBE DIFFUSER OF PUMP-TURBINE MODELS 
FOR HEADS UP TO 200 m

Introduction. Increasing the share of balancing capacities to cover daily peaks in electricity consumption is one 
of the top priorities of the postwar development of Ukraine’s energy sector.

Problem Statement. Today, power plant hydraulic turbines need both to increase effi  ciency and to expand 
their operating range. For example, the new hydraulic units of the Dniester PSP shall operate in turbine mode in 
the range of 40—100% of rated capacity, while the four previous units operate in the range of 70—100%. This 
re quirement can be met by increasing effi  ciency and reducing pulsations at low power output.

Purpose. Based on studying the infl uence of blade spatial shape of a Francis pump-turbine runners on fl ow part 
hydrodynamics, to identify the patterns of pressure fl uctuations distribution in draft tube diff user of the hyd rau lic 
unit model.

Materials and Methods. Three options of models (the original and two modifi ed ones) have been studied on 
the IMEP ECS-30 hydrodynamic test stand. The runner blades are made of PLA plastic by 3D printing. Pressure 
pulsations are measured by sensors at two points of draft tube diff user at a distance of 0.2 and 1.5 runner diame-
ters from the runner bottom shroud.

Results. Three modifi cations of the pump-turbine runner for heads up to 200 m have been designed and ex-
perimentally studied with the use of circumferential lean that diff er from the original version only in relative posi-
tion of blade profi les. The analysis of obtained energy and pulsation characteristics of the models in turbine mode 
has shown that the model with the runner having a negative circular blade lean has the best performance.
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Nomenclature
D1 — model runner diameter, m
* — relative effi  ciency, %
nÍ — unit speed of rotation, min–1

QÍ — unit discharge, m3/s
NÍ — unit power, kW
rms — standard deviation of pressure fl uctua   -

ti ons
H — head, m
a0 — guide vane opening, mm
Subscripts
P — pump mode
T — turbine mode
max — maximum value
Abbreviations
PSP — pumped storage plant
IMEP — Institute of Mechanical Engineering 

Prob  lems
HPP — hydroelectric power plant

According to the report of the International Re-
newable Energy Agency (IRENA), in order to 
me et the targets, set out in the Paris Climate Ag-
reement, the world needs to more than double its 
hydropower capacity, including the capacity of 
pumped storage facilities, by 2050 [1]. To achieve 
this goal, annual investments in hydropower 
should increase 5 times and amount to approxi-
mately USD 85 billion in conventional hydropo-
wer and USD 8.8 billion in pumped storage [1]. 
The majority of hydropower capacity is located 
in Asia, accounting for 42 percent, followed by 
Europe, North America, South America, and the 
rest of the world. Over the past decade, invest-
ment in hydropower has been lower than in solar 
and wind power, despite being one of the chea-
pest and most stable sources of renewable energy.

Ukraine’s hydropower industry is based on cas-
cades of hydroelectric power plants on the Dnipro 

and Dniester rivers, as well as the Dniester, Kyiv, 
and Tashlyk PSPs. The priority in the postwar 
development of hydropower is to fully restore the 
generation volumes accounted for by balancing ca-
pacities, as well as to complete 5—7 hydroelectric 
units at Dniester, after which this plant will be-
come the most powerful in Europe.

Today, when designing hydraulic machines, in-
cluding pump-turbines at PSPs, there are requi-
rements not only to increase effi  ciency and imp-
rove cavitation characteristics [2], but also to 
expand the range of operation in turbine mode to 
the partial load zone [3]. For example, the new 
hydraulic units of the Dniester PSPP with stati-
on numbers 5—7 shall operate reliably in the ran ge 
of 40—100% of their rated capacity, while the four 
previously installed units have never been opera-
ted at capacities below 70%.

One of the important reasons for the prohibi-
tion of partial load operation is the formation of a 
vortex rope in the draft tube [4], the precession of 
which can lead to vibrations of the entire unit [5]. 
The precession of the rope causes quite powerful 
periodic pressure pulsations that can spread to 
the entire fl ow part [6]. The precession frequency 
of the vortex rope is quite low and is in the same 
range as the natural frequencies of the structural 
elements of the hydraulic unit, which can cause 
resonant vibrations [7]. 

The study of unsteady phenomena in draft tu bes 
and runners of hydraulic machines is carri ed out 
both by numerical methods and on experimental 
facilities [8, 9]. The data obtained at real hydro-
power facilities are of the greatest value [10], since 
they make it possible to adjust the pa ra meters of 
both the numerical experiment and the experiment 
on reduced models of the hyd rau lic machine [11]. 
Due to the complexity and danger of conducting 
full-scale experiments, the most common practice 

Conclusions. The determined infl uence of spatial shape of the runner blades on the energy and pulsation characteristics of 
the Francis pump-turbine model for heads up to 200 m has made it possible to increase its effi  ciency and to reduce the level of 
pressure fl uctuations in the fl ow part.

Keywords: pump-turbine, fl ow part, pressure pulsations, runner, draft tube, and experimental studies.
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is to use hydrodynamic test stands to study mo-
dels of fl ow parts [12]. The study of unsteady phe-
nomena, in particular, the precession of the vortex 
rope, is carried out both at partial [13] and close to 
nominal mo des [14] and with increased fl ow rates 
[15], at which additional cavitation phenomena 
arise [16]. Experiments have revealed the nonsta-
tionary eff ect of the rope precession on the fl ow in 
the tur bi ne runner [17] and have recorded addi-
tional ultra-low pulsation frequencies [18]. Along 
with expe ri mental studies, numerical experiments 
have been widely used [19, 20].

Reducing the level of pulsations at the design 
stage of hydraulic machines is a diffi  cult task [21]. 
Over the years, a large number of methods and 
technologies have been developed to bring the 
pulsation level to safe values [22]. The most com  -
monly used ones are the installation of fi ns in the 
diff user of the draft tube [23] and grilles at the 
outlet of the runner [24], injection of an air jet [25, 
26], and changing the geometric charac te ristics 
of the runner blade system [27, 28]. Among the 
latter, the method of lengthening the cone of the 
runner is widely used [29, 30]. The presence of 
splitters in the runner can also aff ect the level of 
pulsations in both turbine and pump modes [31]. 
In recent years, the method of forming the trai-
ling edge of the runner blade has become wide-
spread. This fact may signifi cantly reduce the le-
vel of pulsations in the draft tube [32].

The purpose of this research is to determine the 
patterns of pressure fl uctuations and study the 
eff ect of the spatial shape of the blades (“cir cum-
ferential lean”) of the runner of a Francis pump-
turbine on the amplitudes and frequencies of un-
steady fl ow in the draft tube diff user of a hydraulic 
unit model.

One of the ways to infl uence the energy and pul-
sation characteristics of pump-turbines is to spa-
tially profi le the blades of radial-axial runners using 
circumferential leans. The use of circumfe ren tial 
leans makes it possible to change the shape of the 
blade edges and the relative position of the blade 
profi les in the circumferential direction by shifting 
the blade hub profi le in the direction of ro tor rota-

tion (positive lean, lean angle φ > 0) or in the oppo-
site direction (negative lean angle φ < 0) (Fig. 1). 
At the same time, the shapes of the bla de pro fi les 
remain unchanged. This approach ma kes it possible 
to optimize the blade shape to imp rove the fl u id 
fl ow in the runner channel and in the draft tube.

The model of the Francis pump-turbine 
ORO5217, developed at IMEP and implemented 
at units 1—4 of the Dniester PSP, was taken as the 
initial object of study. The blades of the RK5217 
runner have a traditional appearance: the trailing 
edge is located in the radial plane, the leading ed  ge 
in the meridional projection is vertical and in the 
circumferential direction is inclined by 10 in the 
direction of rotor rotation.

Two modifi cations of the RK5217M and 
RK5217M2 runners were developed to study 
the eff ect of the blade spatial shape on the energy 
and pulsation characteristics using circumferen-
tial leans. In the RK5217M, the angle of inclina-
tion of the leading edge is φ = +45, respectively, 
the hub profi le is shifted in the direction of ro-
tor rotation by 12.8 relative to the original ver-
sion, while the rest are linearly dependent on the 
height of the runner in the area of the leading 
edge. In RK5217M2, the angle of inclination of 
the leading edge is φ = –45, respectively, the hub 
profi le is shifted by 18.2 in the direction opposite 
to the rotation relative to the original RK5217. 
Fig. 2 shows a computer model of the original and 
modifi ed runner blades of the 5217 series.

At the fi rst stage, using the IPMFlow software 
package [33] developed at IMEP, a numerical stu -

Fig. 1. Defi nition of the angle of the circumferential lean φ
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dy of the viscous fl ow of an incompressible fl u id 
was carried out for three options of runners in a 
wi de range of operation in turbine mode [34]. The 
IPMFlow software package allows for nume ri cal 
studies in various fl ow parts [35, 36] using mo-
dern mathematical methods [37, 38]. The com-
pu tational domain contained one channel each 
of the guide vane and the runner. The infl uence 
of the circumferential lean on the distribution of 
pres sure and velocity vectors, pressure diagrams 
on the blades, the distribution of velocity compo-
nents behind the runner, and the energy charac-
teristics were analyzed. It was found that the best 
energy performance in almost the entire range of 
design modes is achieved by the RK5217M2 with 
a negative circumferential lean angle φ = –45.

Numerical studies of pressure pulsations in the 
diff user of the draft tube for the RK5217 runner 
were also carried out by various turbulence mo-
dels. Comparison of the calculation results with 
the known experimental data showed a satisfac-
tory correspondence of the results [39].

To confi rm the results of numerical studies and 
obtain reliable data in a wide range of turbine 
and pump modes, experimental selective tests of 
models with three options of runner with a dia me-
ter of D1 = 350 mm were carried out on the IMEP 
ECS-30 hydrodynamic test stand. The IMEP 
hyd rodynamic stands have the status of national 
heritage and meet all the requirements of the 
international standard IEC 60193 for mo del ac-
ceptance tests of hydraulic machines of various 
types [40]. Table 1 shows a comparison of the 
mea surement errors of parameters according to 
the requirements of IEC 60193 with the values 
achieved on the ECS-30 test stand.

The model unit of the pump-turbine consisted 
of a spiral casing with circular cross-sections and 
a 360 coverage angle, 20 stator columns, a guide 
vanes with 20 positive curvature blades and 
height of 0.14D1, a 7-blade runner, and a draft 
tube with a KU-3RO elbow. The runner blades 
were made of PLA plastic by 3D printing, which 
signifi cantly reduced the cost and time of the re-
search. Preliminary strength calculations of the 
bla des showed the possibility of conducting ex-
perimental tests with heads up to 12 m. Figure 3 
shows a photo of the 5217 series runners. 

As a result of the energy studies, the operating 
and performance characteristics of the models 
with runners of the 5217 series were obtained.

Table 2 shows the parameters of the optimal 
modes of the three models of fl ow parts in the tur-
bine and pump modes. The relative effi  ciency * 
in this paper is the ratio of the current effi  ciency 
value to its maximum value in the original ver-
sion with the RK5217 runner. The results show 
that the maximum value of effi  ciency in both the 
turbine and pump modes in the model with the 
RK5217M2 runner with a negative lean φ = –45 
signifi cantly exceeds the similar indicators of  other 

Table 1. Comparison of the Measurement Error 
of the Parameters of Model Hydraulic Turbines 
with the Requirements of IEC 60193

Parameter

Measurement error

Requirements IEC 
60193, %

Achieved value at 
the ECS-30 stand, %

Rotation speed ±0.075 ±0.030

Head ±0.100 ±0.100

Torque ±0.100 ±0.100

Discharge ±0.200 ±0.200

Model effi  ciency ±0.250 ±0.250

Fig. 2. Computer model of three options of runners: a — top 
view; b — front view
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of spatial profi ling using leans in the RK5217M2 
model (φ = –45), it was possible to signifi cantly 
improve the energy performance as compared with 
the modern high-performance RK5217, which 
successfully operated at hydraulic units 1—4 of 
the Dniester PSP.

Pulsation tests were performed to determine 
the amplitudes and frequencies of pressure pulsa-

models. The position of the performance optima 
in the turbine mode changes insignifi cantly both 
in terms of fl ow rate and rotational speed. In the 
RK5217M2 model, the fl ow rate at the pump mode 
optimum is 0.04 m3/s less than in the original ver-
sion, which is also important because it requires 
less energy consumption when fi lling the upper 
reservoir. In addition, this runner has the lowest 
ratio of optimal rotational speeds in pump and tur-
bine modes nÍP/nÍT, which confi rms its advantages.

Table 3 shows the parameters of models with 
runners of the 5217 series at 50% and 95% of 
maximum capacity at maximum, nominal, and 
minimum heads at the Dniester PSP in turbine 
mode. From the presented results, it is clear that 
the model with RK5217M2 runner with a nega-
tive circumferential lean φ = –45 has higher effi  -
ciency in almost the entire PSP operation range.

As can be seen, the use of spatial profi ling of run-
ner blades signifi cantly aff ects the energy charac-
teristics of the models both in the rated po wer 
operation zone (0.95 N Ímax) and in the par tial load 
zone (0.50 N Ímax). As a result of the application 

Table 2. Optimal Parameters of Flow Parts

Runner
Turbine mode Pump mode

nÍP/nÍTQÍ n Í * QÍ n Í *

RK5217 0.312 78.0 100.00 0.438 94.98 100.00 1.218

RK517M 0.317 76.0 98.52 0.348 96.18 98.73 1.266

RK5217M2 0.313 79.0 100.74 0.398 92.07 100.67 1.165

Table 3. Energy Parameters of Models with Runner of the 5217 Series at 50% and 95% 
of the Maximum Capacity at Maximum, Nominal, and Minimum Heads at the Station in Turbine Mode

Runner

At constant NÍ
 = 0.50 · NÍmax At constant NÍ

 = 0.95 · NÍmax

n Í = 85 nÍ = 91 n Í = 95 n Í = 85 n Í = 91 n Í = 95

QÍ * QÍ * QÍ * QÍ * QÍ * QÍ *

RK5217 0.244 91.5 0.257 84.6 0.270 80.2 0.452 94.1 0.465 90.4 0.476 86.2

RK517M 0.246 89.3 0.253 85.3 0.253 81.7 0.458 91.0 0.470 87.4 0.482 84.0

RK5217M2 0.239 92.0 0.252 86.3 0.262 80.7 0.433 96.2 0.439 93.8 0.445 90.8

Fig. 3. Runners of the 5217 series, from left to right: 
RK5217M2, RK5217, RK5217M
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tions in the entire range of PSP operation modes. 
They were carried out at a head of H = 6 m, which 
was accepted for power tests, in the fl ow part lo-
cations recommended by IEC 60193.

Pressure sensors of DMK331 type manufac-
tured by BD SENSORS were used to measure 
pressure pulsations. The sensor membranes were 
installed fl ush with the surface of the fl ow part. 
The pulsations were measured at two points of 
the draft tube diff user: the upper one at a distance 
of 0.2D1 and the lower one at a distance of 1.5D1 
below the runner shroud (Fig. 4).

As secondary equipment, a special amplifi er for 
measuring dynamic processes “Spider 8” manu-

factured by HBM (Germany) was used, followed 
by processing of the examined signal with the use 
of special program Catman on a personal com-
puter and presenting the result in the form of an 
amplitude-frequency spectrum.

Graduation dependencies between the control 
pressure and instrument readings were determi-
ned by static calibration with the use of a load-
pis ton manometer of the MP-6 type. The gradua-
tion dependence of the sensor is entered into the 
program settings to determine the value of the 
pressure pulsation amplitude.

The amplitudes of pressure fl uctuations are pre-
sented as a dimensionless value in percent rms/H, 
where rms is the standard deviation of pres sure 
fl uctuations from the average value, H is the head 
during the test on the stand. The pres su re pulsa-
tion frequencies are determined direct ly from the 
spectra obtained in the process of pro cessing the 
test results at diff erent operating modes of the 
pump-turbine models.

The study of pressure pulsations was carried 
out in the turbine mode at unit rotation spe eds 
nÍ = 85, 91, 95 min–1, corresponding to the ma xi-
mum, nominal, and minimum heads of the Dni-
es ter PSP, in the range of unit discharge Q Í from 
0.100 to 0.450 m3/s, with guide vane openings 
a0 = 8; 10; 12; 16; 20; 24; 28; 34 mm. Based on the 
results of the study, the pulsation characteristics 
shown below were constructed.

Figure 5 shows the spectra of pressure pulsa-
tions in the draft tube diff user obtained from 
the installed sensors (Fig. 4). The spectra are 
shown for three runners RK5217, RK5217M and 
RK5217M2 for the rotation speed n Í = 85 min–1, 
which corresponds to the maximum head, and 
two discharge values Q Í = 0.252 and 0.467 m3/s. 
The spectra are presented in dimensionless va-
lues, with the amplitude A/H and frequency f ́  = 
= f / f0, where f is the harmonic frequency, f0 is 
the rotation frequency, A is the pulsation ampli-
tude, and H is the head.

The analysis of the pulsation spectra shown 
in Fig. 5 shows that at low discharges (Q Í = 
= 0.252 m3/s), the maximum values correspond Fig. 4. Placement of sensors on the draft tube diff user
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Fig. 5. Spectra of pressure pulsations in the diff user for three runners in diff erent modes: а — n Í = 
= 85 min–1, Q Í = 0.252 m3/s; b — n Í = 85 min–1, Q Í = 0.467 m3/s
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to the vortex rope rotation frequency that is equal 
to 0.3 of the frequency of runner rotation, and its 
second harmonic. With an increase in discharge 
(Q Í = 0.467 m3/s), the pulsation amplitudes at 
fre quencies below the frequency of rotation de-
crease, and the pulsation amplitudes increase at 
frequencies that are multiples of the frequency of 
rotation. Thus, in the lower part of the diff user 
at discharges up to Q Í = 0.260 m3/s, a strongly 
marked pulsation with f ʹ = 0.2—0.3, which disap-
pears with increasing fl ow rate. It can also be seen 
that the maximum values of the pulsation ampli-
tudes in both modes were obtained when studying 
the RK5217M runner.

At a rotation frequency of nʹI = 85 min–1 that cor-
responds to the maximum head at the PSP (Fig. 6), 
the maximum pulsation amplitude rms/H in the 

original version of RK5217 is 6.7%, RK5217M — 
7.8%, RK5217M2 — 6.3%. The maximum ampli-
tude of pulsations is observed at discharges up to 
0.180 m3/s, with an increase in discharges up to 
0.360—0.440 m3/s, pulsations decrease to mini-
mum values of 1.5% for RK5217 and RK5217M2, 
1.9% for RK5217M.

The maximum amplitude of pulsations rms/H in 
the lower part of the diff user is 3.2—3.8% for all 
three runners at discharges up to 0.160 m3/s. As 
the discharge increases, the pulsations decrease to 
a minimum value of 1.2—1.8% (at Q Í from 0.300 to 
0.440 m3/s). When operating at nominal discharge 
(95% capacity mode), the pulsation amp litude for 
the RK5217M runner is 14% higher for the upper 
sensor and 21% higher for the lower sensor, for 
the RK5217M2 runner it is 17% lower for the up-

Fig. 6. Amplitudes of pressure pulsations in the upper and lower parts of the diff user at the rota-
tion frequency n Í = 85 min–1
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per sensor and 16% lower for the lower sensor; for 
partial load (50% capacity mode), the pulsation 
amplitude for the RK5217M runner is 35% higher 
for the upper sensor and 11% higher for the lower 
sensor, for the RK5217M2 runner it is 15% lower 
for the upper sensor and 1% lower for the lower 
sensor as compared with the RK5217 runner.

For a rotation frequency of n Í = 91 min–1 that 
corresponds to the nominal head at the station, 
the maximum pulsation amplitude rms/H is ob-
served at discharges up to 0.200 m3/s (Fig. 7). 
The ma ximum values were recorded as follows: 
RK5217 — 7.9%, RK5217M — 9.2% and 6.5% of 
RK5217M2. With an increase in the turbine dis-
charge to 0.350—0.410 m3/s, the pulsations de-
  c rease to a minimum level of 2.0% (RK5217), 
2.3% (RK5217M), and 1.8% (RK5217M2).

The maximum amplitude of pulsations rms/H 
in the lower part of the diff user is approxima te-
ly 4.5% for RK5217 and RK5217M2, 3.8% for 
RK5217M at discharges up to 0.180 m3/s. Fur ther, 
as the discharge increases to 0.340—0.380 m3/s, 
the pulsations decrease to a minimum level of 
1.7% (RK5217), 2.2% (RK5217M) and 1.1% 
(RK5217M2). When operating at nominal dis-
charge (95% capacity mode), the pulsation amp-
litude for the RK5217M runner is 5% higher for 
the upper sensor and 1% higher for the lower 
sensor, and for the RK5217M2 runner it is 28% 
lower for the upper sensor and 30% lower for the 
lower sensor; for partial discharge (50% capacity 
mode), the pulsation amplitude for the RK5217M 
runner is 2% lower for the upper sensor and 1% 
lower for the lower sensor, for the RK5217M2 

Fig. 7. Amplitude of pressure pulsations in the upper and lower parts of the diff user at the rotation 
frequency nʹI = 91 min–1
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runner it is 19% lower for the upper sensor and 
1% lower for the lower sensor as compared with 
the original RK5217 runner.

For a rotation frequency n Í = 95 min–1 that 
cor  responds to the minimum head at the stati on, 
the maximum pulsation amplitude rms/H is 9.3% 
(RK5217), 9.9% (RK5217M), 7.6% (RK5217M2) 
at discharges up to 0.250 m3/s (Fig. 8). As the dis-
charge increases, the pulsation amplitude decrea-
ses and at a discharge of more than 0.350 m3/s rea-
ches a minimum value of 2.2—2.4% for all runners.

The maximum amplitude of pulsations rms/H 
in the lower part of the diff user is 4.7% (RK5217), 
4.9% (RK5217M) and 5.3% (RK5217M2) at dis-
charges up to 0.180 m3/s. As the discharge rate 
increases to 0.310—0.410 m3/s, the amplitude de-
creases to 1.8—2.2% (RK5217), 1.4% (RK5217M) 

and 0.8—2.4% (RK5217M2). When operating at 
nominal discharge (95% capacity mode), the pul-
sation amplitude for the RK5217M runner is 1% 
less for the upper sensor and 11% more for the 
lower sensor, for the RK5217M2 runner it is 10% 
less for the upper sensor and 11% less for the lower 
sensor, for partial load (50% capacity mode), the 
pulsation amplitude for the RK5217M runner is 
7% smaller for the upper sensor and 7% smaller 
for the lower sensor, for the RK5217M2 runner 
it is 14% smaller for the upper sensor and 37% 
larger for the lower sensor as compared with the 
original RK5217 runner.

The results show that the fl ow part with the 
RK5217M2 runner with a negative circumferen-
tial blade lean φ = –45 has the lowest pulsation 
amplitudes behind the runner (upper sensor) at 

Fig. 8. Amplitude of pressure pulsations in the upper and lower parts of the diff user at the rotation 
frequency n Í = 95 min–1
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all three given rotation speeds for the rated mode 
(95% capacity) and partial load mode (50% ca-
pacity). The maximum decrease in the pulsation 
amplitude is observed for the RK5217M2 runner 
in the partial load mode in the upper part of the 
draft tube diff user.

In general, almost in the entire range of turbine 
operating modes for the RK5217M2 runner, a sig-
nifi cant decrease in the level of pressure fl uctuations 
in the draft tube diff user is observed. From the re-
sults of selective experimental stu dies, it was found 
that the RK5217M2 model has the best characte-
ristics, to confi rm which it is proposed to conduct a 
full range of acceptance tests of a large-scale model 
with a metal runner with a diameter of 500 mm.

CONCLUSIONS

1. For pump-turbines for heads up to 200 m, the 
infl uence of spatial profi ling of runner blades by 
means of circumferential leans on the energy and 
pulsation characteristics of the fl ow part was fi rst 
established.

2. It has been established that the model of the 
pump-turbine with RK5217M2 with blades with 

a negative circumferential lean φ = –45 in tur-
bine and pump modes has the best energy cha-
rac teristics among the models of the 5217 series.

3. Thanks to the use of spatial profi ling of the 
runner blades in the pump-turbine model with 
RK5217M2, it was possible to reduce the level of 
pressure fl uctuations in the draft tube diff user al-
most throughout the entire operating range. The 
maximum reduction of 30% as compared with the 
original RK5217 runner is observed in the rated 
load mode (95% of capacity).
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ЕКСПЕРИМЕНТАЛЬНІ ДОСЛІДЖЕННЯ ПУЛЬСАЦІЙ ТИСКУ 
В ДИФУЗОРІ ВІДСМОКТУВАЛЬНОЇ ТРУБИ У МОДЕЛЯХ 
НАСОСТУРБІНИ НА НАПОРИ ДО 200 м

Вступ. Збільшення частки маневрових і резервних генеруючих потужностей для покриття добових піків споживання 
електроенергії є одним із першочергових завдань повоєнного розвитку енергетики України.
Проблематика. На сьогодні до гідротурбін висувають вимоги не тільки з підвищення ефективності, а й із роз-

ширення діапазону роботи. Так, нові гідроагрегати Дністровської ГАЕС мають забезпечити надійну експлуатацію в 
турбінному режимі у діапазоні потужностей 40—100 % від номінальної, тоді як чотири раніше встановлені працюють 
у діапазоні 70—100 %. Виконати це можливо за рахунок підвищення ККД і зниження рівня пульсацій тиску на ре жи-
мах малих потужностей.
Мета. Встановити закономірності розподілу пульсацій тиску в дифузорі відсмоктувальної труби моделі гідро аг-

регату на основі дослідження впливу просторової форми лопатей робочих коліс радіально-осьової насос-турбіни на 
гідродинамічний процес у проточній частині.
Матеріали й методи. Селективні експериментальні дослідження трьох варіантів моделей проведено на гідро-

ди намічному стенді ІПМаш ЕКС-30. Лопаті робочих коліс виготовлено з пластику PLA методом 3D-друку, що до з-
волило скоротити строки досліджень і знизити витрати. Пульсації тиску вимірювали датчиками у двох точках ди фу-
зо ру відсмоктувальної труби на відстані 0,2 і 1,5 діаметра робочого колеса від обода колеса.
Результати. За допомогою колових навалів спроєктовано й експериментально досліджено три модифікації робо-

чого колеса насос-турбіни на напори до 200 м, що відрізнялися лише взаємним розташуванням профілів лопатей. 
Ана ліз отриманих універсальних енергетичних і пульсаційних характеристик моделей у турбінному режимі показав, 
що кращі показники має модель із робочим колесом із негативним коловим навалом лопатей.
Висновки. Визначений вплив просторової форми лопатей робочих коліс на енергетичні й пульсаційні характерис-

тики моделі радіально-осьової насос-турбіни на напори до 200 м дозволив підвищити її ефективність і знизити рівень 
пульсацій тиску у проточній частині.

Ключові слова: насос-турбіна, проточна частина, пульсації тиску, робоче колесо, відсмоктувальна труба, експери мен-
тальні дослідження.


