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Abstract: The paper presents the HydroHillChart software, which is designed to calculate the hill chart for
hydraulic turbines (Pelton, Francis and Kaplan) and the operation diagram, based on the energetic primary
data that is obtained through turbine model measurements performed on the test rig. The HydroHillChart
software is made up of the following four modules: the Pelton, Francis and Kaplan modules — which are used
to calculate the turbine model hill chart and the DEX module — which is used to calculate the operation
diagram for the industrial turbine prototype. The results of the software consist of graphical curves and
numerical results which can be viewed in HydroHillChart and exported as Excel files with a template
structure and also as PDF and Word files. The lack of paper space will limit the presentation to the Pelton
and Francis modules only.
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1. Introduction

The design of hydraulic turbines is based on energetic and cavitation characteristics, obtained by
measuring the turbine models in the test rig. The efficiency hill chart can be obtained through
graphical packages, like general graphic processing and by computer-aided design programs, or
through specialized programs like [1]. The HydroHillChart software was created using Python — a
high-level object-oriented language and related modules: wxPython - a graphical user interface
toolkit for the Python language, matplotlib - a python 2D plotting library which produces publication
quality figures, SQLite — a database engine, SciPy - a Python-based ecosystem of open-source
softwares for mathematics, science, and engineering. The HydroHillChart software, presented at
http://www.cchapt.ro/HydroHillChart.htm, is a continuation of the Preldate software, which was
originally conceived to compute the characteristics of hydraulic turbines [2], [3] and is the result of
a PhD thesis [4], using tools similar with those from [5].

2. The HydroHillChart main interface

The HydroHillChart software is equipped with instruments for zooming (fit, pan, zoom in, zoom
out), for spline curves interpolations, for graph intersections with constant X or Y values, for saving
the graph as an image file and for the modification of the general/graph setting. For each graph
generated by the HydroHillChart software, a toolbar with command buttons that are marked with
specific icons appears at the bottom of the window. It performs the following functions:

f‘\ Home - Return to initial view; .}. Pan - Left click & hold to zoom,

B . ; )

I Back , . zoom in/out with the right

0 Back - Back to previous view; mouse button pressed;

o Forward - Forward to the next view; E Save - Save chart format: EPS;
. JPG, PGF, PDF; PNG,

PS; RAW, SVG, TIF;
= Zoom - Enlarge selected area; @ Subplots - Chart configuration.

Fig. 1 shows the main menu of the HydroHillChart software. From the “File” menu, one can select
the type of turbine for which the hill chart will be calculated (Pelton, Francis or Kaplan turbine) or
the DEX option for which the operation diagram can be calculated. Based on the measured data of
the turbine model, the software generates the hill chart for turbine models and the operation
diagram for the industrial turbine prototype, providing the necessary tools for designing a turbine:
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graphic visualization of functional dependencies, intersections in the hill chart and in the operation
diagram, the generation of numerical results and their export in the usual programs: Excel, Word,
PDF. The 2D curve interpolations are calculated by using the cubic spline functions. The constant
efficiency curves are numerically and graphically generated using the mplot3d toolkit, which is
included in the matplotlib library [6].

] HydroHillChart software @ V1.0 - 2015
File | Bt

& 4 Pefton Turbine

‘ Francis Turbine
= Kaplan Turbine

@ et

Processing of measurements performed on the Pelton turbine

Fig. 1. The HydroHillChart main menu
3. HydroHillChart — Pelton module

The Pelton module [7], [8] can be selected from the “Pelton Turbine” option of the main menu and
it displays a window with a specific interface, Fig. 2, composed of: a toolbar, a measured data
table, called “Measured Points”, which stores measured data for a model runner and a table called
“Intersection with efficiency constant values”, where the application stores values arising from the
intersection of primary curves with constant efficiency values.

1 Pelton
g‘ O = ® N & =2 0 T4
Mew Cpen Info Data Hill Chart Q11fn11 Excel Word PDF Exit

47 Measured points 195 Intersection with efficiency constant values

- . " T
D 5 Qi1 nili Eta Eliminated | Q11 nil Eta

5
point [mm] [m3/s] [rot/min] [%a] point [m3/s] [rot/min] [%a] [mm]
37 | 5.0000 43.000000 30.000000 | 78.200000 0 | 1 43.0000 | 30.3226 78.5000 | 5.0000
31 5.0000 43,000000 32,500000 30,400000 D 2 ] 43,0000 30,8695 79,0000 5.0000
25 5.0000 43.000000 35.000000 32.000000 D 3 43,0000 31.4314 79,5000 5.0000
19 5.0000 43.000000 37,500000 32,800000 D 4‘ 43.0000 32.0133 30,0000 5.0000
13 5.0000 43.000000 40.000000 33.000000 D 5 i 43,0000 32.6234 30,5000 5.0000
7 5.0000 43.000000 42, 500000 31200000 I:‘ 6 . 43.0000 33.2715 31.0000 5.0000
1 5.0000 43,000000 45.000000 73.000000 D 7 . 43,0000 34.0133 81,5000 5.0000
43 10,0000 #3.750000 27, 500000 78,800000 D B I 43,0000 35.0000 32,0000 5.0000

Fig. 2. The HydroHillChart interface for the Pelton module

The primary data is taken from Excel and stored in the table called “Puncte masurate - Measured
Points” by completing the following fields:
e ID Point - represents the current number for the measured point;
S [mm] - represents the nozzle spear opening of a Pelton model;
Q44 [m%s] - represents the unit discharge;
nq, [rot/min] - represents the unit speed;
n [%] - represents the efficiency;
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e Eliminated point — allows the removal of a measured point, by selecting a Check Box
control.
The Pelton module toolbar is located at the top of the window and includes control buttons marked
with specific icons, figure 2, which fulfill the following functions:

% - informative icon for the Pelton runner, without a related function;

D - create a new database for Pelton runners;

New
Opén - open and load an existing database for Pelton runners;

i - provides information about the current database;

Info

B - primary data visualization in graphic form: 3D curves and 7= f(n,,Q.,5) 3p
Data surface, respectively 7 = F(n.) 2p curves at S parameter and S = f (Qq4);

ﬂ - calculating and plotting of the hill chart for a number of specified efficiencies

Hill Chart values;
%{%{ - imposing a double unit speed nq; to calculate the characteristics’ intersection

Ni1 n=1(n,Q.) in order to determine the curve 7 = f(Qu) respectively = f(S);

. - imposing a double unit speed n11 and unit discharge Q11, followed by a hill chart

Qi1-n11  intersection n=f(n;,Qu) in order to calculate the efficiency point (Q11, n44);
&] - export results in an Excel file: input data and the numerical and graphical
Excel processing carried out;
‘a - graphics export in a Word file;
Word grap P
(1N
P# - graphics export in a PDF file;
gﬂ_t - return to the main window of the HydroHillChart software.
XI

The HydroHillChart - Pelton module software will be verified through calculation and a hill chart
comparison for the following Pelton models which was taken from literature:

e K560 runner with a diameter D = 375 mm, 24 buckets and 6 nozzle spears with a diameter
of @42mm; the primary data was taken from measurements performed on the [11] model,
page 98; from the hill chart of Fig. 3, a matrix point was extracted for the following nozzle
spear openings S=5, 10, 15, 20, 25, 30, 40 mm and imported as primary data to the
HydroHillChart — Pelton module software;

e K600/461 runner with a diameter D = 450 mm, 20 buckets and 6 nozzle spears with @47.25
mm in diameter [12], page 31; from the hill chart of Fig. 4, a matrix point was extracted for
the following nozzle spear openings S=7.5, 10, 12.5, 15, 20, 40 mm and imported as
primary data to the HydroHillChart — Pelton module software;

Fig. 5, 6 and 7 show the U f(nu’Qn) 3D surface, the 3D intersection curves with constant
efficiency values and the hill chart for the Pelton K560 runner, generated by the HydroHillChart —
Pelton module software. Fig. 11 shows the HydroHillChart comparison for the Pelton K560 runner.

Fig. 8, 9 and 10 show the n=1(n,,Q,) 3D surface, the 3D intersection curves with constant
efficiency values and the hill chart for the Pelton K600/461 runner, generated by the HydroHillChart
— Pelton module software. Fig. 12 shows the HydroHillChart comparison for the Pelton K600/461
runner.
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Fig. 3. The hill chart for the Pelton K560 runner and the Fig. 4. The hill chart for the Pelton K600/461
matrix points runner and the matrix points
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Fig. 7. The 2D hill chart for the Pelton K560 runner calculated by using HydroHillChart
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Fig. 10. The 2D hill chart for the Pelton K600/461 runner calculated by using HydroHillChart
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Fig. 11. The 2D hill chart comparison for the Pelton K560 runner
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Fig. 12. The 2D hill chart comparison for the Pelton K600/461 runner
4. HydroHillChart — Francis module

The Francis module [9], [10] can be selected from the “Francis Turbine” option of the main menu
and it displays a window with a specific interface, Fig. 13, composed of: a toolbar, a measured data
table, called “Measured Points”, which stores measured data for a model runner and a table called
“Intersection with efficiency constant values”, where the application stores values arising from the
intersection of primary curves with constant efficiency values.

L] Francis
| T = [+ 15
@ 0= 6 N B = T 4
Mew Cpen Info Data  Hill Chart Q11jni11 Excel Word PDF Exit

80 Measured points 366 Intersection with efficiency constant values

jis] nil Qi1 ao Eta Eliminated Q11 nil Eta a
point | [rot/min] [m3/s] [mm] [%a] point [m3/s] [rot/min] [%a] [mm]
86 50.0000 = 663.000000 & 14.000000 = 75.900000 O 1 §63.0000 50.0000 75.9000 14,0000
59 550000 | 657.000000 | 14.000000 | 78900000 O 2 662.0266 50,8084 75,4000 14,0000
51 50,0000 | 651000000 | 14000000 & 51400000 O 3 61,0441 51,6246 75,5000 14,0000
43 55,0000 | 543000000 | 14000000 & 52.500000 O 4 560,0515 52,4437 77,4000 14,0000
35 70.0000 631000000 | 14000000 | §1,400000 O 5 59,0477 53,2855 77,5000 14,0000
27 750000 | 620,000000 | 14000000 | 78.600000 O 6 53,0313 54,1344 78,4000 14,0000
19 50.0000 | 602000000 | 14000000 @ 73.00000 O 7 £57.0000 55,0000 73.5000 14,0000
77 40.0000 | $17.500000 | 18.000000 | 71.500000 il 8 §55.9573 55,5730 79.4000 14,0000
72 45,0000 | $16.000000 | 18.000000 | 75.400000 OJ 9 54,8354 56.7382 79.9000 14,0000

Fig. 13. The HydroHillChart interface for the Francis module

The Francis module toolbar is located at the top of the window and includes control buttons
marked with specific icons, which fulfill functions similar to those of the Pelton module. The primary
data is similar to the Pelton module, with the exception of ao [mm], which represents the wicked
gate opening and replaces the S parameter. For a Francis turbine model, measurements can be
performed by using the following parameters a,=const., wicked gate opening, or ns;=const., unit
speed. Although the input data fields are identical, for all measurement scenarios, graphic
representation and calculation algorithms differ for the two scenarios. The resulting curves are
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different, but if the interpolations are precise enough, the hill chart should coincide. Thereby, for a
data set where the matrix point (nq1, Qq1, a5, ) is at the intersection of a a,=const. range of values
with a nyy=const. range of values, the hill chart, which arises from the primary data considered to
be measured at a,=const., should overlap with the one which arises from the primary data
considered to be measured at nyy=const. An example of the comparison is presented in Fig. 14. As
shown in the figure, the difference between the isolines is insignificant and that validates the

interpolation algorithms used to calculate the hill chart with the HydroHillChart software.
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Fig. 14. The 2D hill chart comparison for a,/ n11=const. scenarios

The HydroHillChart - Francis module software will be verified through calculation and a hill chart
comparison for the following Francis models which was taken from literature:
e F316.5 runner with a diameter D = 460 mm and 14 runner blades; the primary data was
taken from measurements performed on the [13] model, page 68; from the hill chart of Fig.
15, a matrix point was extracted for the following wicked gate openings: a,=14, 18, 22, 26,
30, 34, 38, 42, 46, 50 mm and imported as primary data to the HydroHillChart — Francis
module software;
e RO 115 runner with a diameter D = 460 mm and 13 runner blades; the primary data was
taken from measurements performed on the [12] model, page 69; from the hill chart of Fig.
16, a matrix point was extracted for the following wicked gate openings : a,=14, 18, 22, 26,
30, 34, 38, 42 mm and imported as primary data to the HydroHillChart — Francis module
software;
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Fig. 15. The hill chart for the Francis F316.5 runner Fig. 16. The hill chart for the Francis RO 115
and the matrix points runner and the matrix points
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Fig. 17, 18 and 19 show the n=1(n,Q,) 3D surface, the 3D intersection curves with constant
efficiency values and the hill chart for the Francis F316.5 runner, generated by the HydroHillChart
—Francis module software. Fig. 23 shows the HydroHillChart comparison for the Francis F316.5

runner.

Fig. 20, 21 and 22 show the n=1(n,Q,) 3D surface, the 3D intersection curves with constant
efficiency values and the hill chart for the Francis RO 115 runner, generated by the HydroHillChart
—Francis module software. Fig. 24 shows the HydroHillChart comparison for the Francis RO 115

runner.
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Fig. 19. The 2D hill chart for the Francis F316.5 runner calculated by using HydroHillChart
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Fig. 22. The 2D hill chart for the Francis RO 115 runner calculated by using HydroHillChart
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Fig. 24. The 2D hill chart comparison for the Francis RO 115 runner
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5. Conclusions

Small differences between the original efficiency curves which were taken from literature and the
HydroHillChart calculated curves can be observed in Fig. 11, Fig. 12, Fig. 23, Fig. 24, but the
shapes are similar and the curves overlap on their longest length. Those hill charts were calculated
by using different mathematical interpolation tools and by starting from different primary data: the
original efficiency curves taken from literature were calculated by starting from the points that were
measured on the turbine model; the HydroHillChart curves were calculated by starting from the
matrix points that were extracted from the literature hill chart, Fig. 3, Fig. 4, Fig. 15, Fig. 16, which
also lead to these differences. The differences can be reduced by increasing the number of matrix
points extracted from the literature hill chart. HydroHillChart is a powerful software, equipped with
all the necessary instruments to calculate, generate and explore the hill chart, based on the turbine
model measurements, offering 2D/3D graphical and numerical results. The comparison of
characteristics that were taken from literature with those calculated using the HydroHillChart
software confirms the correctness of the interpolation algorithms that were used. In the future, the
software will focus on the characteristics of the cavitation turbines [14].
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