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Summary

This thesis is structured in 3 chapters:

- Chapter I. Retrospective ofprofessional achievements from the moment of
obtaining the doctorate until now (studies in the field of hydrodynamics);

- Chapter Il. The results of the research activity in the field of dynamic
identification of wind turbine pitch drive systemsand the design andsetup of
the Hydraulic equipment testing stand

- Chapter Ill. Professional and academic career development plan

Chapter |. Retrospective of professional achievements from the moment of
obtaining the PhD. degreeuntil present

This chapter presents my professional and academic experience after defending my
doctoral thesis. In 2009, | defended my doctoral thesis entidlgdamc
identification of doubleflux turbines within the Faculty of Mechanics of the
Politehnica Uni ver si tcgordirationofl themillugtrmasr a ,
Prof.Dr.Ing. Mi r c e a ,Bdbtaimgng tthe aithe of Doctor in thdield of
Mechanical Engineerindpased on the Order of the Minister of Education, Research
and Youth number 4698 of 14.08.2009.

From 2009 to 2012, | worked as an Assistant at the Department of Hydraulic
Machines of the Faculty of Mechanics, where | taught the applied part (laboratory
and seminar) in various specialized disciplines.

From 2012 to 2017, | worked in the design fieldvadrine drilling pipe handlingat
National Oilwell Varco, in Kristiansand, Norway, where, on the one hand, | could
use the theoretical and practical notions learned in the faculty, ahd other hand

| gained new knowledge in the use oltimate generatiorelectrehydraulic
servomechanisms.

In 2017 | returned to the Faculty of Mechanics and yrgkentl activatein the
Department of Mechanical Mamery, Equipment and Transpostere | completed

all teaching stages: 208020 University Assistant, 2028024 Lecturer, 2024
present Associate Professor.

From the moment of my return from Norway, | put into operation 2 stands of
hydraulic and pneumatic drives, at the same time creating a laboratdeyfguthe
students and maststudents of our specializations and | was a member of the design
and realizationcollective of the test stad of the hydraulic equipment frowur
Hydraulic and Pneumatic Drivesaboratory.
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During all this time Ipublished as first author/coordinator andazghor a number

of 4 specialized books in the field of taught subjects, 2 laboratory guides and | was
a member of the research team within 16 national and international research
contracts. | also published a nber of 3 papers 2 I1SI (5 with impact factor4 as

first authofcorresponding authpr4 BDI, 23 in national and international journals.

- Chapter Il. The results of the research activity in the field of dynamic

identification of wind turbine drive systems

This chapter actually represents a continuation of the studies done in the doctoral
thesis, the experimental dynamic identification, but applied in the field of hydraulic
drives and more concretely on a hydraulic system that adjusts the blades of a wind
turbine. In this chapter are presented the experimental stand, the measuring
equipment used as well as the methods used in the experimental dynamic
identification. The purpose of this researctaeserminatiorof the transfer functions
andthe frequency chacteristicdbased on various criteria in the field of automation.

- Chapter lll. Professional and academic career development plan

In this chapter | will present the plan for the developmentyprofessional activity

from the point of view of theaughtdisciplines adapted to the requirements of the
current market, in the training of future doctors of our specialization and a plan for
their integration as well as theudents and maststudents in tl various research
objectives irthe field of hydrodynamics and hydraulic drives.
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Chapter I. The retrospective of professional achievements from the moment of
obtaining the PhD. title until present

This chapter is divided into 3 subchapters:

I.1. The didactic activity

[.2. Thework as a design engineer in the field of hydraulic installations for handling
marine drill pipes

[.3. The research activity

[.1. The didactic activity

My teaching activity started in 2006, after obtaining the title of engineer, where
togetherwith the acceptanceéo PhD. studiesas a fulitime doctoral studenin
addition to the obligation to finish the doctoral thesis in a period of 3 years, | had to
teach the applied part at various disciplines belonging to the field of hydraulic and
pneumatic drives, fluid mechanics and hydraulic turbomachines. Specifidatiy,

the application part (laboratory, seminaoject)atthe following disciplines:

- Hydraulic and pneumatic drives;

- Hydro-pneumatic actuation and automation systems;
- Fluid mechanics and hydraulic machines;

- Hydraulics and hydraulic machines;

- The thermal and hydro part of the power plants;

- Turbomachines;

In 2009, after completing the doctoral thesis entitlBgnamic identification of
doubleflow turbines"under the supervision &frof.Dr.ing.Mi r cea Bandgl L z a
obtaining the doctor title, | continued teaching as University Assistant until 2012,
when | made the decision to apply the theoretical part learned into practice and got
a job at a company which designs and produces hydraulic drive equipment, in
Kristiansand, Norway. This part of my work/research will be detailed separately.

In 2017, | returned to the Hydraulic Machinery Collective, of the Department of
Mechanical Machinery, Equipment and Transgtoh, as University Assistant.

Thus between the years 20PD20, while | held the position of University
Assistant, | put into operation two Festo test stands, one for the hydraulic actuation
part and one for the pneumatic one, for the use of students, for which together with
my colleaguedrom the collective conceived and carried out various laboratory
works on them.
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Fig.2. Festostand for pneumatics

During this period, teaching the applied part in various disciplines of Fluid
mechanics and hydraulic machines, | published asaautioor in 2019, together with
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Mrs. Conf. Dr. Ing.Adriana-Sida Maneg a guide for the applied part entitled
"Hidraulict.'H makhi hidraulice”. Also, in addition tehis, together with MrProf.

Dr.Ing.l | ar e B bhavwkeaahblght the laboratory and project part of the
discipline entitledi Si st eme de acWionare d@ifro)mut oma
theA Hi dr odi nami ca madi ni | ormashEr, insodugihge me | ¢
students to the use of proportional eledtyaraulic equipment, as well as Festo

Fluid Sim software, received together with the 2 stands.

In 2020, | advanced to the positionlafcturer fef de luctri), occupied until 2024.

During this period, | published a number of 4 books in the field of tadigtiplines

3 in printed format and one in electronic formahich can be foundn the UPT

Virtual Campusasfollows:

-Dani el €ttt adliidt eme de acwionare Oi aut
format electronicCV UPT, 2020

-l'l are BordeaHu, Cristiaban@iCet &) i GoiShel
El emente de proiectare Oi t m& diohiolgo e
sistemelor hidrepneumaticekEd. Politehnica, 2020;

-Adriana SidaManeddani el CtLt,Hil dma Skt ir oi "HBi Edna Oi ni
Politehnica, 2023;

Dani el Ct t, EristiamGhe&aArc aiii "bitn £ r | EdPalitemieau2023.c e

Also, together withMr  CO. L. Dr . | n gandM3.rCord.Dr.ing.AdriaGeh e r a
Sida Maneal created a laboratory guide for students and master students from the
Faculty of Mechanicsthat arest udyi ng t he discipline o
pneumati ce, Dani el CLttl i n St rhociWhHbto n tQrii
hidraulice Oi [fEd®ditemitai2e28.. Apl i caWi i

From 2024 until now, | hold the position of Associate Profe¢€anferentiar)

During this period| continued the publishing activity, coordinating theok, C.

Ghera, | Bordeasu, A.N. Luca, L. Salciaduc Wi on t r i, E¢ Paditahmeat i c e
2024, which represents a continuation of the work started in the first book, entitled
AcWwionktri hidraulice.

All these didactic materials, at the writing of which | participated, both as the first
author/coordinator and as a-aathor, had the main purpose of bringing the
disciplines taught to the level of understanding and assimilation of the engineering
conceps by the students, preparing them for the current market requirements.
Throughout this teaching period, | manageeveral diploma and dissertation

projects from 2022 being a member of the Dissertation Committee of the master
entited i Hi dr odi nami ca madinil or. Abdng thd st e m
students coordinateatthe diploma work, one managed to go further in the academic
environment, obtainingis Phd.title and even becoming a colleague of ours.

| am also a member of the guidance committeeiR2 students.
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[.2. The activity as a design/project engineer in the field of hydraulic
installations for handling marine drill pipes

Between 2012017, | worked as a hydraulic systems design engineer for marine
drill pipe handling equipment, between 262@13 as a Design Engingeeing hired

by a consultancy company XAC&hd from 2013until 2017 as a Project Engineer

for NationalOilwell Varco as internal employee

Due to the confidentiality policy of the company where | worked, | cannot give
detailed technical details, only genedattaabout the equipment | was responsible
for. In the first phase, | started with relatively simple equipment such as the nacelles

used for various repairs called nServi
pi pe handl ing mac hi ne4. Heral Imadk vaficddsat wa l

improvements in terms of their maneuverability by optimizing the hydraulic
equipment use(;l/.

+ A, ]
e
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oy

Personnel baskets

Fig.3. Service and accebasket [1]
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Catwalk machines

Fig.4. Catwalk machine [1]
Also, during this early periodl was hydraulically responsible for a number of
equipment such as DFMA (Fig. 5), Top Drive, etc., working with the vast majority
of drill pipe handling equipment produced by NOV

o /|
S

&a

Robotic drill-floor arms

Fig.5. Drill floor manipulator armDFMA [1]
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Industry’s most b;bﬁﬁc top drive

Fig.6. Top drive [2]
The most exciting part for me came when | was given the hydrdeksign
responsibility for the Lifting Rig and Dead Line Compensator (DLC) systems. Here
| had the chance to be responsible on the hydraulic side for the most complex system
that NOV produces, the power installed in the BOOST system being impressive,
the order of megawatts. The complexity of the hydraulic design of these systems is
very high, both from the point of view of the drilling drive system and from the point
of view of the wave compensator. Two of these complex systems were designed and
built for the Frigstad company (Fig 8) with me in charge of the hydraulic side.

11



Daniel Catalin STROISA Habilitation Thesis

4 N ‘ " //: =
Fig.8. Frigstad D90,view of Top Drive driving systef]
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Also, during this time when | worked for the National Oilwell Varco company, |
designed the hydraulic, braking and cooling installation for a concept at the time
called the Single Layer Winch (Fig.9). One of the key points here was to achieve a
braking tinein the order of milliseconds for a winciperatingseveral hundred tons.

Fig.9. Single layer winch2]

During this period ofmore than5 years, working as a design engineer, | had the
chance to interact with major manufacturerbyafraulic equipment such as Rexroth,
Montan Hydraulic, Fjero, Hydratech (hydraulic cylinders), Parker Hanifin, Hydman
Oy, (hydraulic blocks), Brevininydraulicequipment and gearboxes) etc.

In the various projects for which | was responsible, | actively participated in the
design of new solutions as well as in the improvement of existing ones.

| also attach as a part of this thesis the proof of my work in Norwaytted
confirmationthat my resignation from NOV was voluntary and unconditioned.

13
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\(ACT

Work certificate

Iht. Arbeidsmiljeloven § 15-15

EMPLOYEE
Name: Daniel Stroita
Address: Fidjeasen 8F, 4639 Kristiansand S, Norway
Date of birth: 280882-23529
Employed: 01.02.2012-31.03.2013
Xact Consultance AS is an actor in technical consulting, We are an
Info about employer: engineering and consulting company for the energy and industrial

markels,

Daniel Stroita had, during this period at Xact, a contract within
hydraulic engineering. Daniel was working full time in Kristiansand,
Info about employee: Norway, as a hydraulic engineer on an assignment for National
Oilwell Varco. Daniel carried out his duties as expected as an Xact
consultant towards our customer,

EMPLOYER
Name: Xact Consultance AS
Contactperson: Fredrik Alkenhoff

Oslo, 01.04.2013

City/date

v 1=

Signature employer
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To whom it may concern
Ref.: 95192747 NO, Kristiansand, 15-Feb-2017

LETTER OF REFERENCE

Daniel Catalin Stroita, born 28-Aug-1982, has from 01-Apr-2013 to 31-May-2017 been employed at
National Oilwell Varco Norway AS.

At the time of resignation, Daniel Catalin Stroita was employed as Project Engineer, Hydraulics
Drilling.

National Oilwell Varco Norway AS is a 100 % owned subsidiary of National Oilwell Varco, a global
leading supplier of innovative, high technology systems and solutions for the oil and gas industry.

Daniel Catalin Stroita resigned voluntarily and we wish good luck with future challenges.

National Oilwell Varco Norway AS

8

Kjell Hammen
Director HR NOV Norway
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[.3. Research activity

Both from the moment of obtaining the doctor title and before, | actively participated

as a member in the research groups of various national and international projects of
which I mention only those included after or actually in the year 2009, the year in
which | defended my doctoral thesis:

1. Transmisii hidrodinamice inteligent&®929/2008 nr 679/2009 PN II Idei, 2009

2010;

2. Improvement of the Structures and Efficiency of Small Horizontal Axis Wind
Generators with Nolke gu |l at ed Bl ades, Research and
Turbine and Mec R@OALB,QCRV201$t ruct ur eo

3. Deservirea energetica a unei comunitati locale utilizand curentii de3di6/21

036/2007, 20022010;

4. Optimizarea sistemelor energetiggeligente de transport a apei pt cberea

eficieriei energetic€deconomia de energid 365/21041/2007, 2002010;

5. Studiul fenomenelor hidrodinamic® de cavitaie in sistemele de &onare @
automatizarebde fork, IDEI cod 35/nr. 68, 2009;

6. Sisteme hidraulice adapgv pentr u t ur bi puere O 1467e ne d
SHATEMP 2ENERGIE CNMP 21047, 2009.

Based on the theme of the research projects, but also on studies carried out
independently of them, | would divide my research activity in the field of
hydrodynamicand turbomachinery inté large categories:

[.3.1. The research in the domain of Hydrodynamic Torque Converters

[.3.2. The research in the domain of Hydraulic Turbines

[.3.3. The research in the domain of Turbo Pumps and in Watereeding
Networks

[.3.4. The research in Wind Turbines domain

[.3.5. The research in Cavitation domain

A good part of the results of thesesearchshave been published bothtechnical
articles and in various reports for the grants in question. As representative papers
within this subchapter | would mention:
9 Stroita Daniel Catalin, Adriana Sida ManeaBlade Polymeric Material
Study of a Cros&low Water Turbine RunneMATERIALE PLASTICE,
ISSN 25375741 ISSNL 00255289, Vol 56(2), pag. 36869, 2019.
1 Manea A. S., Muntean S5t r o i ;Hnalitfxal @proach and numerical
methodology validated against experimental data on S shape airfoil for wide
flow angles of attackProceedings of the Romanian Academy Series A

16
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Mathematics Physics Technical Sciences Information ScienceQGES)
Vol 21/2, 2020

1 Manea, AS; Dobanda, E; Barglazan, Blyoita, DC, Two-Phase Flow In
Hydrodynamic Torque Converter, Proceedings of The 20th International
DAAAM Symposium, DAAAM Int Vienna, 172®679, 2009

T Mil ok T., Bej , A. Dob©8dto iEBlgde Man e
Design using CAD Technique for Small Power Wind Turbine, IEEE
International Joint Conferences on Computational Cybernetics and Technical
Informatics ICCCCONTI 2010, IEEE Catalog Number CFP105ZBR,

ISBN 9781-42447431-8, 2729 May 2010, Timisoara, Romania, pg,571
575, 2010.

T Mil ok T., Dob©ndt E.St rMa,iSdmpuixional BiL d
Graph Theory for Find out Optimal Routes of Pipeline Supply, IEEE
International Joint Conferences on Computational Cybernetics and Technical
Informatics ICCCCONTI 2010, IEEE Catalog Number CFP105ZBR,

ISBN 9781-424474318, 2729 May 2010, Timisoara, Romania, pg,577
580, 2010

91 Danut Tokar,Catalin Stroita, Adriana Tokar, Alexandra Rusen, Hybrid
System that Integrates the Lost Energy Recovery on the Wittar Heat
Pump Exhaust Circuit, IOP Conf. Series: Materials Science and Engineering
603 (2019) 042002 IOP Publishing doi:10.1088/1898X/603/4/042002,

2019

9 Tanasa CStuparu A.Stroita C.Popescu CSusanResiga R.3D numerical
analysis of pulsating water jet in the draft tube cone of hydraulic machinery
AIP Conference Proceedings, Vol 2186, Article Number180002, 20109.

1 llare Bordeasu, Cristian Ghera, Alexandficolae Luca, Adriangida
Manea,Daniel-Catalin Stroita, Cornelia Laura Salcianu, Brandusa Ghiban,
Lavinia Madalina Micu, Investigation of Cavitation Resistance of
Biocompatible ZincBased Alloys for Biomedical ApplicatjidfSD 2024.

1 Adriana Sida Maned)aniel Catalin Stroita, llare Bordeasu, Cristian Ghera,
Alexandru Nicolae LucaAir-Dy na mi ¢ Measur ement s 0
Hydrofoils, KOD 2024.

T Cristian Gher a, | osi f Laztr, Dani el ;
Sirbu, Daniel Ostoia, Mihai Hluscu, Cornelia Laura Salci@aniel Catalin
Stroita, Dumitru Viorel Bazavan, Marcela Sava, Lavinia Madalina Micu,

New Results Regarding the Cavitation Destruction Behavior of-Hestted
CuzZn39Pb3 Brass with Different Parametekslvanced Materials Research
Vol. 1172, Pag. -B, 2022.
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[.3.1. The research in the domain of Hydrodynamic Torque Converters
[6, 7, 8]

The research in the field of hydrodynamic torque converters began within a national
research contract, in the group led by Mrof.Dr.Ing. Mi r cea Bhkomgdft z an
theresults being published even before the undersigned obtained his doctorate.
Since these researches are not directly related to the subject of the doctoral thesis, |
consideedit important to present them in this habilitation thesis.

The studies continued in the framework of the second resgeanhthe collective

being led this time by Mr€Lonf.Dr.Ing. Adriana Sida Manea

In the following I will briefly present the theme of the research in this field and the
results obtained. The research was focused on the theoretical and experimental study
of the operation of hydrodynamic torque converters, Lysk®imith type
(consisting of a pump rot@and three stages of turbine rotors that have two stator
stages between them), operating with different degrees of filling witiphase oH

air mediumwith the cooling circuit turned off.

The chosen theoretical model allowed us to analyze the behavior of the
hydrodynamic torque converter in various operating regimes, both stationary and
transient.

The main parameters of the model are:

- pump shafspeed

- turbine shaft speed;

- the physical parameters of the fluid.

The main stage in the modeling procesthe calculation of the kinematics of the
elements of the cascade machines, that is, the elementsvefdbity triangles. For

this purpose, the geometry elements of the hydrodynamic torque converter will be
considered as constant and as varighkespeed at the primary shaft and the load at
the secondary shaft

The specific energy transferred to the fluid by the pump is given by (1):

o)

O -20 o —20i J 55 _3:)3 (1)
The specific energy transferred to the turbines is givei2hy
O -20 o —201 J ——5 — 0
55 2)
wherej represents the number of turbine stages
O B (3)

18
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Thehydraulic losses are calculated wdbrdaCarnotrelation

Q-5 (4)

with characteristic velocity , given by the volumetric flow rate of the machine,

and the local hydraulic loss coefficienis calculated through the Reynolds number,
considering the working fluid changing with temperature and the filling degree.
Modeling the normal working regime, at standasiynchronousspeed of 975
rev/min shows a variation of torques at primary and secondary shaft machines, as a
function of speed ratio s shnp as presentenh Fig. 10:

150
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|E \\_
&, Lo —
w ~ -
E - Zecondary shaft torgue
o ~ o ‘//
= ~
E "
% . S Promary shaft torque
ﬁ —_\\__h__ — - -
"}
)
S
25 s
-~ -
"
~ S
o .
0 0.1 02 03 0.4 05 06 0.7 LE: 09 1
Speed ratio s [-]

Fig.10. Variation of shafts torges afunction of speed ratio

Thedifferentfilling degres can be modeled by introducing the definition of a-two
phase fluid, composddom the main liquid and air.

The volume of the domain occupied by the multiphase flow represents the sum of
partial volumes of components phases:

o B @ (5)

Vol umetric concentration of component

0 - (6)
Considering the specific mses:
o "» E "B E "D B "D (7)
Theterm” define the mean density of the tpbase flow fluid, considered as a

homogeneous fluid, and having this specific mass.
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Reconsidering the way which has defined the degree of filling, mean density of the
working fluid, considered as a twa@hase flow is:

” 00 p 00 ) 00" ” (8)

whereo is the main liquid concentration (oil).
Judging in a similar way the twghase fluid viscosity, the constitutive dynamic

viscosity coefficient will be:
— 03 p 0 O3 9)

Using the presented model and considering different degrees of filling of hydraulic
circuit were considered as 100 %, 95 %, 90 %, 85 %, 80 % and 70 %, as ratio between

liquid (mineral oil) and total volume (liquid + gas, respectively oil + air volumes),
we obtain the variation presented in Fig. 11 and Fig. 12.

Primary shaft torque [Nm]

o 09 1

:S,peed ratio s [-]
Fig.11. Variation of primary shaft torque with speeds ratio in function of degree of filling

L a1 (U] a3 LR 05 LE Q

Secondary shaft torque [Nm]

o

L 0.1 032 03 o4 035 0s 0.7 0g 0g 1

Speed ratio s[-]
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Consideringhe temperature we obtain:
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Fig.15. Variation of secondary shaft torque with speeds ratio as function of the tempera
degree of filling 100 %
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Fig.16. Variation of secondary shaft torque with speeds ratio as functibie ¢dmperature a
degree of filling 70 %
On thebasisof the theoretical results obtained, it cansb&lthat the mathematical
model allowed us to analyze the behavior of a complex machine as a torque
converter in dynamic regimes generated in exploitation through:
- the modification of the degree of filling modeled as a modification of the
volumetric concentration of working fluid;
- the changef physical proprieties ahe working fluid as consequence of rise of
the temperature in the hydraulic circuit.
It is important to establish what happens when a blocking (closing) of the cooling
circuit occurs. The running time until the optimum temperature is touched varies
with the degree of filling. In the followingan experimental analysis of the
temperature variation with the degree of filling in the GBBD torque converter was
experimented.
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I n the Laboratory for Hydraul i c Machi
Timisoara, Romania, exists an experimental facility for hydraulic transmissions

Fig.17. The testing rig for hydrodynamic torque converters

The facility consists from gesting rigas it is shown in Fig.7, with thefollowing
components: -torque converter Lsholmi Smithtype 2-multiple speednduction
motor; 3dynamo for load; 4Vardi Leonard system for poweegeneration; 5
additional electric aggregate foxatation; 6closed circuit forcoupling brake
circuit; 7-gear pump; dadiator; 9starter equipment; t§auge fortorque; 1idata
acquisition system: FCfrequency converter, DA dataacquisition equipment, and
computer.
The parameters of the system are: the degree of filling with oil of the torque
converter; the constant resistant torque; the initial oil temperature and the pressure.
The flow structure is monitored by different speeds red in revolution per minute.
Thermal power balance of the torque converter is:

0 0 0 (10)
where:
- the power dissipated through the operation of the torque converter is

0 p — D (11)
- the power transited to environment is

~

0 B_ ¥— (12
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- the thermal power transported by cooling liquid is
0 ") oy Y— (13)

The functional performances of the torque converters can be influenced by the
variation of the entrance speeaul, the modification of the geometry of pump
impeller and turbine runner blades and the modification of the degree of filling
respectively through using a twahase working fluid (liquiehas).

In this study, there are presented a part of the experimental results obtained,
considering the thermal regime in a LysheBmith torque converter, operating with
two-phase fluid typemineral oilair.

Thus, the experimental research, put in evidence that temperature variation in time
in two-phase fluid mineral oiiir, is strongly influenced by the working regime of
the torque converter (CHC350), through the turbine load.

Therefore the tests were organized in accord to transmission loading, minimal
loading, idle regime, (M2=0) and maximal loading/braking of the turbine for
different degrees of filling using constant input speedl1@00 rev/min. The
experimental results obtained are presented in Fig. 18, 19.

100
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Fig.18. Temperature variation in time in idle regime £0)
for different degrees dilling
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Fig.19. Temperature variation in time with maximum load regime
(M=Mzma=70€270 Nm) for different ¢

The analysis of the experimental curvesspreged in Fig.18 and Fit show that
the warming of theéwo-phase flow is produced faster in the case of maximum
loading of the turbine and generaltiie warming process is strongly influenced by
the hydrodynamic transmission degree of filling, respectitrglyughthe balance of
each constituent, mineral oil or air, in the tploase flow.
The cause athe strong warming at higher degseé filling could be thalifference
between thehysical properties of the mineral oil and of the air and in other words
that the maximum loading/braking of the turbine is followed by irreversible heat
transfer of one additional part from kinetic energy of-pinase flow, which because
of the braking ee transformed ito heat and pressure potential energy.
The maximum rise of temperature by a si@nt starting regime occursategree
of filing of ... wuv My idle regime and.. w ® Pat maximumoading of the
torque converter.
The global effectof the twephase working fluidwarming, respectively of the
parametric modificatin of the degree of filling cabhe better appreciated trough
mechanicaparametersf the turbine outletrespectivelythe mechanical torquil
andtheoutlet speed of rotatiom.
It has been observed that at the same conistiant speeahs, indifferently which is
thedegree of filling and the loading levdithe torque convertethe pressure in the
transmission gets higher with the giag of the working fluidtemperature. The
outlet speedh> grows with thegrowing of the twephase fluidkemperature, by high
degrees of filling. At smalledegrees of filling, the outletpeedn, decreasgwith
the raisingof thetemperature (Fig. 20, 21
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Fig.20.Speed as a function of temperature for diffedgrees of filling, without load on th
torque converter
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Fig.21.Speed as a function of temperature for different degrees of filling, with maximun
on the torque converter

Considering the running of the torque werters, seeing that, at highdegrees of
filling, with the growing of the twephase flow temperature grows tloaitlet

mechanical torqueM. and the speecdh,, apears a contradiction (probably

accountable through the extremely complexriehydrodynamic behavior of the
two-phase liquiegas components, generally) iewake into account the working
characteristics of the torque converters obthimgth the cooling equipment in
operation.
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From Fig. 20 and Fig. 2it,can be observed thfatr different degrees of filling..

wé ¢ | @ndfodthe same speed of rotatiare constnt, the speed of rotatiom

has different variations, monotonous, increasing or decreasing, with the temperature
increase of the twphase working fluid.

Hence,it results thathere exists a degree of filling. @§& & i catwhich, the

speed remains constant, indifferently of the temperature variation in time.

Thus, if a gradient is defined as follows:

QoL 7 (14)
then,"Qi ® Q m, for the degree of filling.. Y v pfor maximum loadingand
*  wp Hor minimal loading and™Qi @ Q m, for different degrees of filling
. or... ... andQi @'Q mfor different degrees of filling.. ... or
... *, respectively (Fig. 22

0.8
0.6

0.4 !
0.2 — b
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o //[ =

grad P [rev/imin/degree C]
N

-0.8
75 80 85 90 95 100

degree of filling ¢u [%]

‘ — = M2=0 ——M2max |

Fig.22.Gradient of the speed with temperature in function of the degree of filling, for i
regime and maximum load regime of the torque converter at constant entrance spe
ny =1000 rev/min.

The unique thermdrydrodynamic cas when'Qi @ '‘Q T, or when the speed

ny = const., respectively, it isught that is the result of different response of the
mineral oil and air from the twphase flow, with théemperature increase. The
filling degree... v por the gradieniQi ® Q T, respectivelyor (n, = const.),
offers outstanding assighents concerning the twghasecomponentsmineral oit

air, respectively, as for thefluence of temperature abanitthe physical properties
of two-phase flow. Onhe other way, with the twphasecomponents, mineral ol
air, we can maintaithe normal speed onstantjndifferently of the temperature
variation in time othe hydodynamictransmission.
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In conclusion, the filling degree,... P v P respectively, ... © wp P
corresponding to entrance speed of rotati; = 1000 rev/min ensures a stationary
regime in the \drodynamic transmission.

[.3.2. The research in the domain of Hydraulic Turbines[9, 10, 1112, 13, 14,
15, 16, 17

Considering the importance of using green energy and especially ereayery
where possible, we have continued research in the field of small power hydraulic
turbines and their use in various locations where energy can be recovered.

The following analsswasdoneover theCrosskF | ow hydr aul i c turb
need very complex hydro settlements, being very suitable for small and medium
power hydro plantsAlso, a quite big potential in the usé this type of hydraulic
machines is the energy recovery in the water treatment and sewage plants.

The tur bi ne 0entebin candaet svithsha prédssurizedavater, jghich
creates a hydrodynamic force that tends to stress the blade. Mainly thdl@xoss
turbine blades are made from stéwelt thisstudy presents the hydrodynamic design

of a CrossFlow water turbine and the possibility of using new polymeric material
asDelrin ®AF for the runner blades.

Generally the Cross-low turbine blades are circle arcs with constant width. The
variable thickness blade has the advantage of smoothly modification of the inter
blade channel. Iourcase the blade shape was designed using O. Popa method, the
geometry being generated using a trigonometrical 6th grade polynomial, (Fig. 23).
The sharp blade edge ensures with minimal losses the stream distributien at
runner inlet. Although with classic machining was quite difficult and expensive to
make the shape of the bladeg thew methods and materials make this possible in
quite an easy manor.
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Fig.23.CrossFlow turbine blade with variable thickness, designed with O. Popa confor
mapping method
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Usually, the Cros$low turbine blades are made from stéeltthe development of

the new polymeric materials and of the néschnologiesmake possible the
implementation of these two in the CroB$ow runners and blades manufacturing.
Further it is presented the hydidynamic design of the blade and a study from the
point of view of strength of materials of some suitable polymeric materials class for
the turbine blades.

The blade desigwasdone for a Cros&low turbine with a head of H=40 m and a
volumetric flow rate of Q=1.8 #s. The steremnechanical power of the turbine is:

0 " Qb- (15)

in which it is assumed an efficieney ™), water density p T Tkg/m® and
gravitational acceleratiog=9.8065m/s>. The speed of rotation of the hydraulic
turbineds runner is selected between tNh
50 Hz namely:

¢ ——[revimin], ¢ ¢ T (16)

in whichf) i pfD are the pole pairs of the electric generator.
The specific speeds for the Craddsw hydraulic turbines are v 83 UL.TT
Runner diameter is:

0O —m], ¢ T 1rev/min (17)
Absolute flow velocity at the entrance in the runner:
L Q QO [m/s] (18)

where'Q =0.98 depends on the nozzle hydrodynamics. Runner tangential velocity
IS:

6 ——[m/s] (19)

Absolute velocity angle is:

WO WEt—— (20)

Runner angles are:
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I WO WEO WE (21)
f pymJ puTtJd omasoitisassumefl: wmJT (22)

Inner runner diameter was obtained through an iterative procedure

0O © (23)

The relativevelocities are:
0 _— 0 0 ———— (24)

The literature gives different formulas for turbin@ydraulic efficiency.For our
casdt is accepted:

- @) P X —T’ p X (25)

It can beconsideed acceptable the estimated overall efficiency of @nessflow
hydraulic turbine- T\

The blades number after an empirical formula:
d TOOUFWHO p cCr1 (26)

The transport velocity by the inner diameter of the runner:

0 06 —[m/s] (27)

The flow angle here is:
| WO w&———[rad] - (28)
v ———[m/g] (29)
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Runner width

~

H» ———— mrdm], k=0.1 (30)

TheCrossFlow turbine runner has the main geometric sizeO[Y6 m, =0.44 m
and the width L=0.884 m.

]

L

Fig. 24. Conformal mapping of the unit circle external domain into the external domain «
airfoll

The turbine blade geometry has been generated transposing the circles network in
an airfoils network, fig24.
The network characteristics result from the singularization of the network, obtaining
the coefficients of approximation trigonometric polynomial. The blade geometry
was approximatedhrough a & order trigonometric polynomial. The blade
coordinates are:

W -p WOE%, D — B DOEE % Of O % (31)
Y=Y(j ),j I [0, 20],. For N=6 coefficients, is considerari%. —. In order to obtain
the trigonometrical polynomial coefficients are considered 12 valueg,fqp = O,

1, 2 el). With2tNese values are calculated the coefficients of the
trigonometrical polynomial:

O -B  OOER—RO -B & Qj— (32)

For the studied blade, the trigonometrical polynomial coefficients are presented in
table 1:
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Table 1

n 0 1 2 3 4 5 6

an 0.205 | -0.002476 -0.108 0.0003333 0.0045 |0.002143 0.001
bn 0 0.036 -0.002309 0.003667 | 0.002887 0.001224 0O

In order to analyze the force distribution on the blade, it was considered the hardest
condition, when the runner is completely blocked and on it acts the whole force of
the water jet.

From fluid mechanics theory tHerce of the jet is:

O " 0wl (33)

Where! =1000 [kg/nd] is the water density, Q=1.8 ffs] is the volumetric flow
rate,w 0=28 [M/s] is the absolute velocity variation (it was considered the hardest
condition, when the velocity variation is equal with the velocity from the pipe). As
we know from the geometry the jet attacks three blade channels, it means that for
one blade foce calculation we must consider the formula:

0 " -@i (34)

After calculus results tha® =16800 N.

In many mechanical solutionfjermaplastic resins are a very good alternative
solution instead afonventionamaterials. From this material class, the acetal homo
polymer presents a combination of physical and mechanical properties which
permits them to compete easy with metals. The acetals are formed from a group of
aldehyde or ketone which reacts nucleophildgaicohol in the presence of an acid
catalyst. The acetal ensures a high resistance and rigidity associated with a good
dimensional stability and machinability. Alsd is characterized through a low
friction coefficient and good wear properties, esdcia wet medium. The acetal
absorbs minimal humidity quantities, keepitggproperties constant in a big variety

of media. The low water absorption confessellentdimensional stability for the

parts machined with high precision. From acetals homo polymers Delrin®AF gain
a large scale recognition becausé®feliability and performance in many domains

of mechanical engineering [8]. Fraimeproducer datasheet Delrin®AF presents the
following mechanical properties given in table 2:
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Table 2. Delrin ®AF material mechanical properties

Material Modulus of Tensile strength | Elongation at
elasticity, 0, [MPa] break
E [MPa] A [%]
Delrin®AF 3200 70 15

Taking into account the blade geometry and the load resulted from hydro dynamic
calculus,Fig. 25, a numerical analysis of the blade stress and strain has been made
The material is defined elastic linear with properties similar with the acetal
Delrin®AF. The blade support conditions have been established accorditsg to
mounting solution in the runner, considering also two intermediary suppats,

26.

Fig. 26. Supportapplied on both blade surfaces
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Fig. 27 and 28 present the VoiMises equivalent stress and strain distributions for
the considered loading case. As a result of blade geometry and deformation modulus
can be seen stress concentrations in the blagwper part, nearby the supports.
However, thesestresges concentrations give a relatively good safety coefficient
accepted in the design standards of these componenf9.fig.

Fig. 27. The equivalent Von Mises stress distribution

0.0076776
0.0064373
0.005197
0.0039566
0.0027163
0.001476
0.00023567 Min

Fig. 28. The equivalent Von Mises strain field

Fig. 29. Thesafety factor distribution
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The use of thermoplastic materials in Cr&$sw hydraulic turbines blades and
runners has many advantages: good mechanical resistance, easy machining because
of lower density than metals, the hydraulic machine components having a reduced
weight. For the tsidied case the blade volume is de 0.001276%2mthe case in

which the blade will be machined from steel, for a medium steel density of 7850
kg/m?, it will give a blade mass of 10 kg. If Delrin material is used, havaensity

of 1420 kg/m, the blade will havamass of 1.812 kg, being almost 5.5 times lighter.

Further, together with my colleagues frddepartmentof Civil Engineering and
Building Services, of P o,litihaseébéen madena Uni v
analysis of how to store electricity by approach a Pelton wedéesr turbine hybrid
system. The heat pump consunike electrical energy for action, producing a
thermal effect. By integrating a system with Pelton water storage tarktarizine

on the heat pump outlet circuit, the lost hydraulic energy can be recovered. The
experimental hybrid system was made to develBES (Hybrid renewable energy
system)optimization models. Hybrid systems may exceed the limits of individual
generators in terms of efficiency, economy, reliability and flexibility. ekrergy
storage system can alleviate the problems associated with aintest and
fluctuations from renewable sources. The large number of random variables and
parameters in a hybrghergy system requires optimization to increase the efficiency
of hybrid system componentsachieve economic and technical benefits.

The proposed experimental installation (F8§) highlights the conversion and
storage of energy and the possibility of recovering the lost energy from the technical
systems.

JLSD\J\R sn R — valve
IRADIATION R ss

—— ss ssP Rr — control valve
~

Va2 Rg — drain valve

EV-Fp
(NG) V3Cj — three-way valve, |=1,2

drain
R1 R R2 ,@ EV-G - solenoid valve- drain
\/3C-1 — p paer EV-AcC — solenoid valve compressed air
P S%II.E(EE J OOMP??IESSED EV—Pp — solenoid valve- oerflow
@ TANK r— . R TANK RPAc — pressure regulator- compressed air
o | 50 S.N  —levelsensor
\ L @ | S.S  — retaining valve
- _
E P manometer
€ Q — flowmeter
C — COMpressor
o drain
Ee — electricity TA automation panel
Ec - cnetic energy NO  — "Normal Open"
Ep - potential energy NC — "Mormal Inchis"

Fig. 30. Functional scheme of the experimental installation
The waterischarged from the primary circuit of a wateater heat pump is stored
into astorage tank R1, coupled via a solenoid valvinédPelton turbine. The head

35



Daniel Catalin STROISA Habilitation Thesis

of the hydraulic turbine is achieved with the compressed air stored in the R2 tank.
The compressed air is pstressed by the -Bowered compressor from a hybrid
photovoltaic conversion systenPY). The experiment al
practically consume the electricity from tiNES (National Energy System), the
electrical energy required for the operation of the heat pump and for the production
of the compressed air is provided HRES (Hybrid renewable energy systenh).

order to confirm thisa small sale laboratory Pelton turbine was tested from the
point of efficiency.

In Fig. 31 and 32are presentethe characteristic curves, torque and efficieasya
function of speed. The results are obtained for 3 testing regimes:

- regime 1: turbine head H=16.5 m and the volumetric flow rate Q=0.37 I/s;
- regime 2: turbine head H=12 m and ttidumetric flow rate Q=0.52 I/s;
- regime 3: turbine head H=8 m and the volumetric flow rate Q=0.62 I/s.
Utile power for the hydraulic turbine, in this case is mechanical power defined as:
0 YO (39
where T [Nm] represents tmeechanicatorqueat turbine shafand) [rad/s] is the
angular speed.
The absorbed power is the hydraulic power:
O " 0Q00 D0 w (36)
where " =1000 [kg/ni] is water density, g=9@65 [m/s?] is gravitational
acceleration, H[m] represents the turbine head and ¥3][is the volumetric flow

rate.
The hydraulic turbine efficiency is the ratio between the util and absorbed power:

0'Q Q0O QL Do [0 (37)
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Fig. 31. Torque as &unction of speed for a Pelton turbine
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Fig. 32. Efficiency as a function of speed for a Pelton turbine
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Another study in the domain of hydraulic turbines was done through a numerical
analysis of the pulsating water jet in the dtalie cone ohydraulic machinery and
concluded in a ISI paper together witlscientific Researcher Grad&lonstantin
Tknag, from Research Institute for Renewable Energy of Politehnica University of
Timisoaraand with my colleagues dm the Faculty of Mechanical Engineering
Hydraulic Machinery CollectiveConf. Dr. Ing. Adrian Stuparand Prof.Dr.Ing.
Romeo Susafkesiga.

The main problenthatthe papetreatsis developing the pulsating watgt method

in order to mitigate or eliminate the vortex ropssociatedwith the pressure
pulsations.The numerical domajnthe energy losses coefficient and kinetic to
potential conversionatio distributions are plotted along to the cone length in order

to evaluate the energetic performanadso beingevaluated the unsteady pressure
fluctuations with and without pulsating water jet.

The numerical domain corresponds to the test section with a conveigergent
shape, which is part of the swirling flow apparatus from the test rig from Politehnica
University Timisoara, studied in several research grants by Professor Resiga and his
tean. The structured mesh with 2.1M cell generated on the domain and the boundary
conditions imposed uses velocity profile at the inlet and mean pressure at the outlet.
The runner speed was 925 rpm, the nominal discharge 30 I/s and the jet discharge
was 11.5% from the nominal onEor the numerical simulations were udgbe
FLUENT code and RSM turbulence model. The tstep for both cases (with and
without pulsating jet) was 0.1 ms.

Main flow Inlet

0, E ' 2
Upstream |

Ds pipe
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Pressure
transducers
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Fig. 33. Swirling flow apparatus and 3D computational domain
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The simulation results are resented in Fig@Big.30.
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Since the unsteady part of the pressure signal is periodic, we characterize it using
the vortex rope precessing frequency and the dominant amplitude. In dimensionless
form, the precessing frequency is expressed using the Strouhal number

YQ O— (38)

where Qs oscillation frequency, and represents the test section diameter.
The pressure fluctuation is dimensionless with the kinetic:term

" O (39)

whereVtis the reference velocity from the test section throat

As a general conclusion we can say that using this method, the vortex rope is
practically eliminated because the rotating component is negligible when the
pulsating jet is introduced, mitigating the ldmequency pressure fluctuations.

Anotherinterestingand importantstudy in the domain of hydraulic turbines was

done together witlthe collective composed bf?.r o f . Dr . | ng. M.
Dr . | ng. | . Bordeaku, Prof. Dr. l ng. M
Dr . | ng. ahdhadihe putposa t® notice the elements that can produce

incidents during the running of the regulating apparatus of bulb turbines.

The analyzed regulating device has a robust construction, but it has a critical
element, which is the connecting rod.

For bulbtype units the guide vane regulating device has a conical shape and consists
of the following important elements: the guide vane servomotors with the afferent
rods, the regulating ring with the joining bolts, the connecting rods, the cranks and
the guide vanes.

In thefollowing arepresenédthe Guide Vane Regulating Apparatilscomponents

and the modality of operation.

Fig. 40 presents the view of a regulating apparatus segment, seen from inside the
bulb. One guide vane is presented in both extreme positions: completely closed and
completely open.
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Fig. 40. Inner view of the regulating apparatus

The regulating device is actuated with two servomotors placed inside and at the
lower part of the bulb. On the regulating ring are welded 16 vanes inclined at 60°.
The joining bolts are mounted on these vanes.

Fig. 41. The guide vane connecting rod

The connectingod presented in Figll, is a complex detail having the following
main parts: the left thread link ring (1), the right thread link ring (2), the lids (8, 9),
the antifriction spherical bushings (10) and the joint bolt (11).
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Besides the transmission of the maneuvering force, the connecting rod fulfills two
other important functions

- The first is represented by the spatial movement of the connecting rod, realized
through the sliding of the bushings (10) over the metallic spheres (6, 7). These
sliding allow the necessary spatial movement of the connecting rod in order to
maintain the ceter of the sphere (6) in the movement plan of the regulating ring,
concomitantly with the rotation of the link ring eyes (1, 2) in such a manner that the
center of the sphere (7) has the possibility to remain in the rotation plane of the crank.
- The second function of the connecting rod is to close the dimension chain. This
function is fulfilled only in the assembling period and is carried out as follows: after
assembling all the involvegiartsin the closed positigrthe connecting rod is put in

its normal positionThe lengths of the connecting rod being adjustable through the
rotation of the sleevg3), provided with left/right thread, thdimensional chain is
closed in an easy way.

The crank is also a complex element, compag&b individual pieces. The most
important are: the proper crank, the inner cover plate, the outer cover plate, the
shearing bolt and the joint with the connecting rod (the spherical arm 7.ialig

The leadingpart played by the crank is to move the gwdee at the right angle
demanded by théurbine. This movement is obtained as a resilthe force
delivered by the connecting rod.

Supplementary the crank has also segondary functions:

a) the protection againsite deterioration of the guide vane in theentuality when

a great solid object gebetween two consecutive guide vanes

b) the possibility to rotate the guide vane indpening direction even if the shearing

bolt isfractured by the external forces.

These twasupplementary functions will be analyzegparately.

Guide vane protection

In order to fulfill this function the crank is realized from threkstinct parts: the
proper crank, théner coverplate and the outer cover plaiéhese three parts are
bounded together three types of bolts: the shearing one,tassive support and

two slender support.he shearing bolt is a cylindrical piegeanufactured from

steel (OLC 45), heat treated, with a diameter of 50 mm and provided with two
shearing cross sections. These shearing sections are realized by cutting two notches
at 60° (stress raisers) that reduces the dianetr tnm. If a massive solid object

Is caught between two conseeatiguide vanes and the regulating apparatus is
moved towards closing, these guide vanes cannot effectuate the movement. As a
result, the oil pressure increases in the hydraulic actuating system together with the
acting force delivered to the crank. If thiagce exceeds with 4050% the normal

value of the tension, the notched sections resistance is exceeded and the shearing
bolt will be fractured. In this way the bounds between the proper crank acmlire
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plates are interrupted. The cover plates can follow the movement imposed by the
regulating ring but in the same time the proper crank and the guide vane are not
obliged to follow this movement.

Possibility to actuate the guide vanes even if the shearing bolt is fractured

The designeoffered thepossibility to move the guide vasioward opening even
when the shear bolt feactured. When the regulating ring is movtedard opening

the body of the massiv@ipportentersin the 120° clearance providedthre crank

arm (Fig 40) and allovs the actuation of the system crank/guide vane. The
movement towards closing is not possible #mel guide vane can occupy casual
positionsdictated by hydrodynamic forces with tresstriction given by the position

of the massiveupport.

In the following sectiorare analyzed the possibilities for casual events.

The shaft of the joining bolt (11) and the metallic sphere (6) are united by three
threaded screws AM 16x35 group 50 (12)
two up tofour guide vanes, namely for those placed at the lower part of the bulb,
when the Grower washers are out of use the monolith(@)iy compromised. As

a result of the vibrations and without the Grower washers, all the M16x35 bolts get
unscrewed and finlg fall at the bottom of the bulb. Under the influence of
gravitation, the assembly foned by the left thread link ring (1), the antifriction
bushing (10), the lid (8) and the metallic sphere (6) can slide over the cylindrical
journal of the bolt (11). For an easy assembling the fitting between the metallic
sphere (6) and the cylindricalymal of the bolt (11) is H7/g6. Consequentlye
minimum clearance of the sphere is zero and the maximum clearance is 0.03 mm.
The joining bolt journal minimum clearance is 0.013 and the maximum is 0.062.
This means that the minimum clearance of themablkeis 0.013mm and the
maximum is 0.065 mm. The length of the journal being 54 mm, the maximum
inclination in the first moment can reach a hexadecimal minute.

11 10 1

12 13 8
Fig. 42. Detail of the left threalthk
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The total mass of the parts subjectedravitation is about 19.914 kg. Taking into
account the inclination of the thread link rinige force in the direction of the journal

axis isapproximately 9,75 N and can gradualbtate the metallic sphere in the
antifriction bushing and finally the connecting rod fall frahe joint. Evidently, this
process is alow one, especially the unscrewing of ttheee M16x35 bolts. An
extremely criticakircumstance is the fact that, during feriodic inspections, the
intermediate phased the detachment are very difficult $ee

Even theloss of the Grower washergannot be observed at the periodical
inspections. From discussions with thepection personnel resulted that they found
fragments of Growewashers in the bufb snterior, but theyc a nsaytif these
fragmentgesult from the assembling period or from tbaning period

In the literature [H4], the Grower washers are recommended till the group 8.5.
Becausdhe used screws are in grougley enter in the recommended interval. In

[15] it 1is specified: AThe Grower washer
steels and in disassembled state the branches aramof position. This elastic
washer ignountedbetween the part and the nut and is compressed by screwing the
nut so that the sharp end penetrates both in the part and the nut. In this way the
unscrewing of tB nut is prevented. Although, this method does not affeolute

assurance, so the assembllg] muss tmebnet ivoenr e c
unscrewing of the hexagonal head bolt can be prevented by passing a wire through
their heads. o0 In |iterature there are

example split plates applied to the screw head. This solution isudtitiicbe applied

in our condition because the lack of space (the free end of the plate must be fastened
by a distinct screw)

Upon our opinion, ensuring this very important bond only with Grower washers does
not offer the necessary confidence and the detachment of the bond regulating ring
connecting rod, in peculiar conditions, can generate important injuries followed by
expensive repajobs. The fact thain thisarea, theravere faind washer fragments

leads to the conclusion that after the heat treatment they are in some céseggsi¢o

so they can crack and fall from the joint. Consequently, the bound can be detached
by unscrewing of the three threaded screws.

A rough analysis of the probability for the connecting rod to go out from the
regulating mechanism can be realized simply, by examining the possibility of
inclining the right link ring in the distance between the crank plates. It resulted that
the inclinaton of the connecting rod overcame 6°, which allows the metallic sphere
(6) to go over the superior end of the joint bolt journal (11).

Another possible malfunction is generated by the rotation of the whole assembly
sleeve (3} securing nuts (4, 5) as a result of the vibrations. If the distance between
the axes of the sphere (6) and the bolt (7) increases, the respective guide vane will
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be heavily pressed on the adjacent vanes, which leads to the deterioration of the
tightnessof therubber cords.

When the rotation is in the contrary direction (the length of connecting rod is
reduced), in the closed position of the regulating mechanism, it remains a clearance
between the vanes and important leakages can occur.

In the other positions of the regulating apparatus, the hydrodynamic field is
perturbed and the hydraulic efficiency of the turbine is reduced.

Conducting a kinematic analysis of guide vane apparatus, presented in detail in [13],
it has been reached to the conclusion that the spatial movement of the connecting
rod allows the detachment from the joining bolt if the Grower washers do not play
theirrole.

From the analysis carried out on the conical guide vane regulating apparatus results
that for the solution adopted by the desighiee deterioration of a low cost piece

(the Grower washer) can lead, in favorable situations, to the detachment of the
connecting rod from the regulating ring. In such a situation the respective guide vane
hasfree movement under the action of the hydrodynamic forces. The connecting
rod, which remains bounded to the crank, follows a chaotic movement generated by
the guide vangyerhaps amplified as the result of the articulation.

If by misfortune, the free end of the connecting rod is blocked by another part there
are possible grealamages suchs for example: the fracture of the shearing bolt or
the push of the crank into that of the guide vane situatgaraximity with the
possibility to block up both guide vanes. As a consequence, occur important
deterioration of some parts of the regulating apparatus.

Even if the detachment of the connecting rod slaav process it has the great
disadvantage of not being easy to be seen, at the regular inspections. The
deterioration becomes evident only when the injury is so great that the running of
regulating apparatus is impossible.

Consequentlythere were proposed for the connections of the regulating apparatus
parts, two supplementary safety measures.

The first, extremely economical and efficiegpassing a wire through the heads

of the joining screws As anexperiment,it was proposed also the more elegant
solution to use Nordlock washers I7]. Those washers have the advantagkes
ensuringmaximum security for the bounding subjected to vibrations, they are not
influenced by temperature and technical lubricants do not influence the blocking
function. To avoid corrosion effectthere were proposed stainless steel washers
(A4, AlISI 316).

It was also recommended for the future a careful examination of the guide vane
apparatus also from othpoints of view, especially the reliability of the tightness,

the behavior of the journal bearings, the behavior of the crank details.
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1.3.3. Research in the field of turbopumps and water suppligd.8, 19, 20, 21]

The following studis were done ima national grant supported by the Romanian
Government Ministry of Education, Research and Innovation, The National Centre
for Programs Management (CNMP) through, CNMP project ndd386/2007 and
CNMP project no. 241/2007. This grant started in 2007 dmished in 2010 and

was directed by Conf. Dr. Ing. Teodor Milos, where | was part of the team.

The problem of the automatic adjustment of the operating point correlated with the
requirements of the water supplgisesor manypumping system In the conditions

of our day theequipment for the adjustment of the operating point catebgned

so that the pump efficiendp be atmaximum and the energy consumption tcabe
minimum.

This adjustment can @one using intelligent pumpslhe ntelligent pump has the
ability to regulate and contrtthe flow or the pressureThe tpical savingof these
systems ardifetime and energy advantagesmprovements and system cost
reductions.The results presented what follows, were obtained from a study
realized oratypical water supply using an intelligent pump.

The software commands the adjustmenpuhpspeed such ashe operating point

Is at optimum with respect to the energetic consumption and the pressure value to
the consumerwill be maintainedatthe initial recommended limits.

The ntelligent pumping systems with embedded sensors and controls provide
smoother startups with tighter control during continuous operaiibe. adaptation

of the operating parameters of the pumping stations to the dymarhithe
consumption and the most efficient exploitation is a serious challenge for the
decision factors of water delivery.

Characteristics of the pump for water supply

For this study in the first phase were reproduced the energetic parameters.Q, H, P
with the reference data given by the pum@nufacturer

The curves from the catalogue warterpolatedat 5 differenpumpspeedsn;=2900
rot/min as a maximum reference speed (100%) 2610 rpm (90%), 4% 2320 rpm
(80%), n = 2030 rpm (70%) andsi 1740 rpm (60%)

Reading the values of headdpower from the catalogue for the flow rates between

0 and 2.1 [1 / s] the analytical curves were interpolated using polynomial functions
(third degree for head and seventh degree for power and efficiend¢yy. U3, 44
and45 arepresentedhe pumping head vs. flow rate, power vs. flow rate and pump
efficiency vs. flow rate. The analyzed putypewas WILO Cor MVIE204.

With the two categories of curves, pumping head and efficiency, we can build the
pump operation characteristic which gives us informatout the optimum
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operating point of the pumhe identification of the equal efficiency curves was
made analyticdy, using a program developed bgandthe graphic postprocessor
program used asdeveloped in AutoCAD under AutoLisp. Thesdtsobtained for

the pump operation characteristic are showRig¥6.
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Thecharacteristicof the hydraulic networkhelpin solving the problem

The pipe network operation characteris@ic represerdthe amount of the losses
from the hydraulimetwork,exterior to the pump and it is calculated with the formula
(whereO [m] represents the pump geodesic head)

[®) 0 6 (40)

The hydraulic losses constait, is calculated for an operating point measured
from the pump characteristic knowing tflat  "Oand from equation (40) results:

6 — (41)

As thenetworkis a closed hydraulic circuit® 1T The other points of the pipe

network operation characteristics are calculated giving values to flow rate from zero
to the maximum value.
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Having an installation with variable speed, the pipe network operation characteristic
can be obtained adjusting the flow rate through the modification piuim@speed.

If the pump delivers irthe pipesnetworkandrequires the pressure (the pumping
head) tobe maintaired constant for any flow rate, then all working psiaf the

pump will be located on a horizontal lii®, O , figure47.

For the working flow rate0 , adjusted with wicket anthe pump operating at
maximum speed, n = 10Q%he characteristicorresponds to a feature of the network
parabola AP. The constant of this parabolabiainedwith equation(42).

0 — (42)
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If the same flow rat® is adjusted by lowering the spegd ¢ , the network of
pipelines feature corresponds to a parabwiwvork form MP. The constant of this
parabola is determinda the equation (43):

0 e (43)

Theoperatingpoint B resuls from the parabola crossing M witthe curve H = f(Q)
as3" degregpolynomial. Crossroadsrenumerically resolved.

To find through similarity, th@ump secessargpeed fopoint M, the parabola of
similar regimeshall be identifiedIt passes through the origin, 0 and M.

The constant necessary in this case resulting from:

6 @ — — (44)

The wint C results fronthe parabola crossing O and M witihe curve H = f(Q) as

3" degreepolynomial Crossroads is numerically resolved.

Using similar relations and having all dats necessary to calculate the speed for
point M with the equation:

¢ & &£ 0— & p— (45)
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Transposition is recommended todmeon the nearest curve H = f (Q) from point
M. Otherwise transposition error may be unacceptably ,higgtause of the
difference in yields. Intelligent pumspcan make automatically this adjustment
through the software implementediisown automation system.

Theenergysavingachieved by regulating the flow withe pump speedompared
to the flowadjustmenthrough the outlet vane

The energy aving resuls from the electric powerused by the pump during
operation. Thigs shown by theratio betweerthe hydrauligpowerof the fluid and
thepump and electric mota@fficiency. If the pumpruns at maximumspeedand the
flow rated (seeFig. 48) wouldbeadjusedthrough the outlet vane in the hydraulic
network the power woulde calculatedvith:

. 20 O
0 5 5 (46)

whered JO product represents the hatched area, AA'OQ, in Fig. 48.

Qa Q
Fig.48. Geometric areas of hydraulic powers

If the sameflow 0 , is regulated by theump speedit the pumping head required
in thehydraulicnetwork,”©O O , the electric poweabsorbeds:

20 O
) 0)

0 (47)
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The difference of powers will be the difference of the areas on each considered
domain. The equation deduced frof)(and @7) is:

v o229 (48)

A case study on energy saving

The pumping station behavior resuliom overlapping the pump operation
characteristic at variable speedeothe pipe network operation characteristic. A
minimum flow rated  , a medium flow rat®  and a maximum flow raté

can be estimated taking into account the requirements of the consumethdrom
suppliednetwork The share of these flow rates in the exploitation is expressed in
percents through a coefficiert, , which results from a statistical study. Also, for
the closed hydraulic loop from this case we assume that it lastoe constant
pressure in conformation with a constant pumping h&ad, o m, for the

following domains of flow rate, (Kudo, 1994):

Y0 ™M T pAi with a coefficien® ¢Tmb
Yu ™ p® pAi with a coefficientd oub
YU pd p& pii with a coefficientd pub

The corresponding flow rates f@7l/s;t he t h
Qs = 1.1 l/s; Q=14 I/s. To these flow ratesre corresponding th@llowing
pumping heads K H,, H; and H,, according to the pumping head characteristic for
the maximunpumpspeed. If the pumping station would not have the possibility to
adjust the speedhenthe flow rate adjustment on the consumers would be realized
only through the outlet vane and on the given domain will be provided a covering
pumping head between 31 m and 58 m, although in thes pgtgvork would be
sufficient a 30 m pumping head.

Even if the pump efficiency is relatively goadthis domainit can be proved that

a big part of the energgonsumeds unnecessarily wasted. We considerthe
possibility of adjusting the spegthen it becomes possible the admentof the
installation so that the pumping head tonb@intainedconstant, i = 30 m ando
provide to any consumer from the netwdnk optimum operating conditions.

In the industrial installatiathe adjusting through outlet vane is realizdhe
consumer and the adjustment through speed is performed in the pumping station.
The operating of the pumgd three domains of flow ratehowthat the efficiencies

and the pumping heads are sensible diffefeotn oneoperating point to another.

This is why in the following section is presented an averaging method of the power
on the three exploitation domains.

The shafipower of pump resudtfrom the formula:
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i R A (49)
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Fig.49. Characteristic curves of the pump with pipes netwbekacteristicsaandthe
exploitation domains

The saving othe energyconsumed depends on thenningtime according to the
equation:

YO Y0 H B B QQ (50)

where0 -number of the days from a year (366), -number of hour®f a day

(24).

The results obtained for the three domains are presented in3laudd. It is noted

that the share of energy savings can reach up to 35% of the total energy consumed
if the flow rate adjustment woulthve beemade only through the outlet vane.
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Table 3. The results obtained for the three donains

Flow rate . a | . a | . a | . a
domains L™ - |0 T~ [0 PP U PE -
O o 58.75 52.99 41.81 30.96
— [%] | 29.59 38.81 43.14 39.30
— [%] | 36.00 41.95 41.96 38.8

Table 4. Energy saving for the three domains

T =/

Flow rate | © 0 0 Y0 YO
domains | [%)] ¢ pnnbh O omn [KW] [KW]
- [KW] [KW]
0 0 20 1.005 0481 0.524 918
0 U 65 1.167 0.743 0.424 2414
0 0 15 1.252 1.078 0.173 228
YO [KWh] 3560
0 woiEQt [kwh] 10049
v, ., YO 35.42
OweE € ¢ a—%— p
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Another study in the same grant was done in the application of graphsitheaigr

to determinghe optimal route of a pipeline supplyhich isat a great distance from

the target consumeth pipeline network of a city). This applies when the distance
from the source tahe target, becausef the configuration of the lasgdape has
several variants of rodgpassing through some mandatory points. In this, wesy
routehasn sectionsand on each sectidhe total cost (investment plus operating
for one year) has a certain valu#.the route can be browsed by more than two
ways, then the method becomes profitable. Implementation of the metasd
through a special program, using the Borland Pascal programming and Bellman
Kalaba algorithm.

Through investment anenergy consumptionthe water adductions have a
significant share in the water suggsystemsand itis important to optimize their
routes. Modern mathematical disciplines, by operational calculation, put at
specialistbdés disposition a vast appar a
optimal decisions for the design of water supply. In this context the following study
describes a deteimstic mathematical model optimization of the route of the water
supplynetworks based on the theory of graphs.

The Calculation algorithm

Modeling this problem is achieved through representation related directed graph
G=(X, U) consisting of the source as the origin, route as required arcs and points as
vertices. For each atc~ Y is associated a number m, in conventional units,
depending orhe optimization criterion adopted. The route is the Wasttograph

the minimum value which is determineddyyplying the algorithm BellmaKalaba.

The Graph G= (X, U) is attached to a matrix M whose elementare:

L O0  SMOI 6 60t €0
B QMO Qi 0 REIRM-O1 QDR QOBQE o (51)
of i &

The optimal route is the best way of graplwith the total value:

B,_06 Od4Q: (52)

If the notes withw the minimum value of the road in, (Q mfE) existing from the
tip of w to the tip ofw :
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w C, @ ) (53
hence:
w T (54)
then, under the principle of optimality:
® aQw & , Qe p,Q mE) andw 1 (55)

In order to solve the system (55) iteratively, we nath o the value ofv obtained
attheiterationk, namely:

®w a (QmE p);, o 1 (56)
We calculate:
®w QL & , (QmE p; Q) adw T (57)
and then:
O G Qi @ , (Q e p; Q mE) andd m (58)

Theiteration ofk orderexpressed by the relations (58) gives values only for the finite length
of roads at mos2  p arriving atow , choosing between them the minimum.
Fromoneiteration to the next:

® o , !0 (59)

Thenumbere (i [ n farm ntonotone@ecreasing patterns, o that a minimum
Is necessarily reached, after a finite number of iterations that does notrexce&t the
algorithm stops when it reaches an iteration k, suckbthato h'Q e pand the
minimumroad valudetween the peaksandx,is®w  ®

In order o identify which roads have the minimum vajwes foundfrom (58)that among
them we havat the last iteration:

© 4 o 4 (60)

Based on the algorithm described, a computer program named BEL_KAL was designed in
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Borland PASCAL language.
There vere made following nomenclaturdss the order of the grapt,(1, J)is the column
vector built at each iteratidg X (I)is the sequence of minimum ro&AL- the minimum

road graphM(l, J) - matrix associated with graph, whose elements are:

_6 QO W Qi o i
a By _0o VO o Qé Qi@ o (61)
T Q0 Q

As entries datagre introduced the graph order and its associated matrix, on lines, whose
elements are considered equal # , if the arc whw exists or equal to 0, otherwise
(MATR_EX1.dat file).

As output datawe obtainthe sequence of the minimum values of road peakshaird
values.

A case study

It is considered wateradduction main for a locality L, starting from two catchment
locations S1 and SFiQ.50). Thepossible routes pass through the bound points A,
B, C, D, E, forming three sectors.

Fig.50.Variants of the adduction route
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Putting the problem of determining the route for which the total cost is minimum,
the investments for each track are determined and prepared the partial sequence
graph inFig. 50, where each arc is associated with a cost, in conventional units. The
decision variables for each sector are noted withx,, x3 andxs. These variables

will not have numerical values, but they will be vertices of graph that are on the
same alignment.

It exemplifies the application of Bellméfalaba algorithm taetermine the optimal

bus route for L locality from thevatersource S1Kig.50).

Modeling problem is achieved throudhe representatiorof the related directed
graphG = (X, U) of ordern = 7, consisting of the source point of origin, route as
required arcs and points as vertices. For eacl arcy, thereis assigned a cost in
conventional unitsKig. 51) anda matrix M attached to grap® = (X, U) are the
elementsm;; defined by relations5l), where_ 6 is the value attributed to edge

6 NTY

Fig.51. Graph adduction routes

P ¢ O T LU © X W w0 W
p m t¢uob Db D b b D powxpwx
¢ b m b b xoxob P puvopuvopuvao
0 co b b nm wgcopyYygbd P puvopuvopuvao (62)
Tt b b b mmb b oep op ¢p ¢p @p
v Db b b b mT b ¢ WC WC WC W¢
¢ B P B B DB W Y¢ Yg Y We Yg
X B b b b b b = Tt T T T
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The oute with the minimum total cost is given tyeway of minimum value in this
graph, which is determined using Bellmidalaba algorithm.

For eacho "Q mipfe8 a columnis added tahe previous matrixn which values
are inserted properlhy.he calculus is donguccessively:

a) There are alculate the valueso a , (=1, ...7), written into the colummb .

b) There are alculatal the valueso & ,~=1,...7,(= 1, ...,7),andwritten into(63):.

s 1w~y 3 TT r roueN 0 T 7 = o JU 14 < ' JU I
I,PoJS qﬁé)awg Ay GQ& a ha) a,peEha a,, b

) r w0 TT ’ ;w0 T ’ OPLALS ’ ' GRS ’
Iolgug chstQ G Q& a hw, a e a., puLO

1’y
s 0 s~ 3 0 TT ’ 1w 2 TT , > Tl ’ e >~ TT ’
“nd(’, qgfzswg Gy GQ&y d;ha a e a;,, puvO

cp @l an aoml o fid o feRd o, ep (63)
T
I’I’ , 1w~ a0 T . 1 e a0 TT I3 QRIS . S T ,
-, 66 6 Qg Gy 60K a,ha &, h8h Gy, O
1’y
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c) There are calculated the valuesfor = 1, ...,7,(= 1, ...,7) and written intq64):
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Qu
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d) There are calculated the valdesfor =1, ....7,(= 1, ...,7) and writtenin (65). Since

» « for/=1,..,7 thealgorithm stops and the road is the minimunof

p w.xThis value is reached on the way (1, 2, 6, 7), thus resulting in optimal route of
adduction assS1, A, C, and LTo solve this problem the computer program
BEL_KAL was used.

59



Daniel Catalin STROISA Habilitation Thesis
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As conclusions for thistudy, the mathematical model is easily programmable in an
evolved language, obtaining immediate results. The only problem is populating the
matrix attached graph.

Although BellmanKalaba algorithm was originally designed for economy, the
adaptation in water supplies routes calculation was possible with quite good results.

[.3.4. Research in the field of wind turbinesand air dynamics[21, 22, 23, 24, 25,
26]

One of the studies in this domain was done dutliregesearch partnership project

with the title AEnergetically servicing
electrical wind unit of small power designated for the rural households in Romania,
coordinatedbyol i t ehni cao University of Ti misc

The wind turbine was designedor emplacements with moderate wind speeds
(middle speed-®& (m/s)) with possibilities of adaptation at different wiregimes.

The characteristics of the wind turbine axenerdiameter (4.4 m), tyspeed ratio

(3-4), runner speed (16060 rpm), nominal power (3.5 kW), number of blades (4),
chord of profiles in active zon@00-380 mm).

All the profiles used were NACA with 4 digityype and their geometry was
determined from loading conditions of the blade with the radius and wind speed of
upstream of the rotor.

It resulted ir@ active sections situated between the radi@0 mm and 2200 mm.
From the radius 300 mm to 600 mm was made a transition streamlined to rectangular
shape of blade axle pin. At the peripheral, the blade was prolonged with a
progressivereverberation to 90° unto pressure sitleorder to avoid as much as
possible the aistream which appears at finite wing span between pressure side and
suction side.
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Next phase of blade construction was to create the 3Dsolid in AutoCAD Mechanical
Desktop so that the derived fil® be used in the machine program from the
collaborator factory.

The geometrical characteristics of the airfoils of the wind turbine blade

Based on thBydrodynamic calculushe geometric characteristics of the airfoil were
obtainedfrom eachcalculatedsection. The ordering amdimbering of thesalculus
sections was from O to n, beginning witte hub section (section 0) and finishing
with tip section (section). The btal number of sections was 12.

Table 5. Geometrical characteristics of the blade sections designedlagthairfoils

Number NACA Radius of calculug Length of thg Stagger angle Relative
of section Profile section profile thickness
code r [mm] | [mm] bs [ Adl[%]
H1 14.586 300 140 6 58.6
H2 24.406 400 220 12 40.6
H3 34.300 500 310 17 30.0
Al 44.263 600 380 23 26.3
A2 44.236 800 361.12 16.75 23.6
A3 44.220 1000 338.90 13.0 22.0
A4 44.204 1200 316.60 10.5 5204
A5 44.188 1400 294.46 8.71 18.8
A6 44.172 1600 272.24 7.38 17.2
A7 44.156 1800 250.02 6.33 15.6
A8 44.140 2000 227.80 55 14.0
A9 44.124 2200 205.58 4.82 12.4
P1 00.124 2207.76 195.63 4.01 12.36
P2 00.118 2215 185.67 3.21 11.8
P3 00.109 2221.21 175.72 2.41 10.9
P4 00.104 2226.0 165.77 1.61 10.4
P5 00.100 2229.0 155.81 0.80 10.0
P6 00.95 2230.0 145.86 0.0 9.5
P7 00.90 2230.0 135.91 0.0 9.0
P8 00.85 2230.0 125.95 0.0 8.5
P9 00.80 2230.0 116.0 0.0 8.0
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The Design of the airfoils in own systenRefpresentation

Initially the geometry of the airfoils is according to datum from catalogue or
codification and relations gives for the NACA airfoil numerical code (four, five or
six digits), but for the theoretical airfoils according with conformal mapping.

At first works in dimensionless (alll

profiles). TheNACA airfoils are givenby camber line functior— - and thickness

function, — - . The thickness function defines semithickness of the profile

measured to the normal of the camber line, Fig. 52. Relative abscissa of the
maximum thickness is at— 1@,

y -~ o
dat) e = camber line
LE( TE
i | .
X4 - —chord
- X; -
1

Fig.52. Geometrical construction of NACA airfoll

It can be seen that the camber function is defined by two parabola arcs perfectly
jointed so thatairfoil camber lineto continuein the interval [0, 1]. The profile
construction andnplicitnessof the bladevasmade through N points calculated and
distributed ontopressureside and respectively ontsuction side. The simplest
distribution (discretization) of the points is the uniform distribution, which realizes
equal intervals for x between 0 and 1. This discretization has the disadvantage that
in anyzonewhere the curvature of the profile boundary is more pronounced (leading
edge) makes thahe smoothness of curve in not quite proper.
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Therefore, the option is for a namiform discretization of the domain, thickening
the number of points at the leading edge. Workatpe interval [0, 1], the best nen
uniform distributionis offered bytrigonometricfunctions.

If N is the maximum number of intervals ands the index of a current point,
I=0...N, lett; be the argument of the trigonometric function defined as:

o -3-00 (66)

The abscissa of the discretizatignis calculateavith the relation:

w p WEOD (67)
It can be observed that at the extremiiie8,andi=N, there are obtained just extremes
values Qrespectively 1, but in the domain atkamaximum density is at the proximity of
0, i.e. at the leading edge of the profile. Tdpson will be reflected in all ulterior calculus
and willfavorably affect the accuracy and smoothness aldtagned surfaces for the blade.
Forwards, for simplifications of relations, wdbandon expression of the variables and
functonsusedby eporti ng to Al 0 (| e cartladedatdgivanh e p |
moment to dimensionless.
A o(y%), the coordinate of the current point from the suction side of the airfoil
A n(yx), thecoordinate of the current point from the pressure side of the airfoil
A o(ya), the coordinate of the current point from the camber line of the airfoil
A (%), thickness function
The abscissacis identically with x, theabscissa of nonuniform discretization.
According toFig. 52, and using the calculated valuestf@camber line function
and thickness functigthere were determined the points from the pressure side and
thesuction side with the following relations:

w w Qi Qs

O o QG (68)
6 o Qi
6 h Q HE (69)

T he adreptesentdthe angle of the tangerthatchambeline in the calculus
point. It results from the derivative of camber line function in corresponding points.
At NACA profile with four digits the derivatives of the two parabola arcs are like
the relations:
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) — W )
: : : (70)
W — W Cw
Thedesign of transposition of the airfoils stagger anfles , | plahesectiorh e

Starting from the representatifiom Fig52, the profile will be transposed in the
specific working positionin the cascade airfoil of the corresponding section from

the runner. This operation donein the developed plane of the calculus section.
Treating this transposition in ordétrcan be said that it is realized in two stages:

- stage I: translation in axis of blade spindle;

-stage 11: rotation around axis of bl ad

The two stages are illustrated accordirg Fig. 53 respectively Fig.54.

T e ] —— 3
7 J / T 0 X
sp =T

b o

X
spd
- 1
Fig.53. Stage I, translation of the axis system into the spindle axis
of the blade

The relations throughvhich is made the translation of the axis system into the
spindle axis of the blade are:
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Fig.54. Stage II: the rotation around axis of blade spindle until the
stagger angle, ©bs

Therelations used for the rotation around the axis of the blade spindle at the stagger
angle, bs, are: _

® wwéli wi Qe
& of G GOET (72)
Fig. 55, 56, 57, 58 and 59 present the profiles for each section and the 3D image of
the blade anthe wind turbineThis mode of representation has great importance in
the design phase because it admits the visualization of every detail df Isladace
from whatever angle should Beenthe runner.
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Fig.55. The profile®btained for the active zone
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Fig.57. The profiles obtained for tiperipheralzone
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Fig.58. The blade of the wind turbine
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Fig.58. The Catia Wind turbine model

The methodoresentedvas fully computerized and has some of the advantages of
data processing:

- increases the working speed if the programsae@nged.

- immediately verification of blade geometrical shape giving indices about some
|l ittle corrections in the hydrodynamic
- a great part of graphical representations and tables can enter directly in the
execution project of the blade;

- the data being in electronic format is transposable immediately to scale down for
manufacturing the runner model,

- the cogging torque is small enough that the turbine can start at a wind speed of 2
3 m/s.

The study presented above is the base ofiésggn of thavind turbine bladg that

was built and placed in the areaMfa r g a C o mmu4severio Coun€ dor a K
supplying electricity tahe Sanatorium Complex of the CHRISTIAN MEDICAL
ASSOCI ATI ON "1 ZVORUL TI MIDUI RI' I ™.
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One important part of this project was the static tests of the wind turbine blade for
the Marga aggregate. The tests were conducteddrettedPrd. Dr. Ing. Francisc
Gyulay. There weralonetwo tests, one in which the bladpindlebroke at a load
corresponding to a massX80 kg and one in which the blasj@ndlewas redesigned

and broke at 250 KgThe test stand and the load teststhar initial blade spindle

are presented on Fig. 59, 60 and 61.

K—/' \

A o

Fig/.6. Thé blade variant 1 loaded with 10 kg

71



Daniel Catalin STROISA Habilitation Thesis

Fig.61. The blade spindle broken at 150 kg

The redesigned blade spindésts are presented in Fig. 62 and Fig. 63.

Fig.62. The blade variant 2 loaded with 175 Fig.63. The blade variant 2 loaded with 2!
kg

Fig.64. The bladeariant 2 with broken spindle ¢ Fig.65. The blade broken spindle view
250 kg
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Fig. 64 and 65 present the redesigned spindiakang at 250 kg load and the broken
section. After these tests tispindle design was improved even better, litsgle
manufacturedid static loading tests with 350kg, which ensureébo dan/em 2 as
specified in the design data.

Fig. 66 up to69 present some pictures with the manufactured wind turbineétsaind
commissioning.

Fig.66. The wind turbine at Clagi - Fig.67.'The wind turbine at Clagi
manufacturing center front view manufacturing center lateral view

Fig.68. e wind turbine ilar Fig.69. The wind turbin@assembled mounted on the
mounted intermediate pillar
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This wind turbine was the first one designed and made using fiber glass technology
and permanent magnet motors by the collective of Hydraulic Machinery from
Politehnica University of Timisoara. The automation part was also condidoted
hous@ by our colleagues from Automation Department.

The hydraulic machinery collective was driven by Conf. Dr. Ing. Teodor Milos and
carefully checked by Prddr.Ing. Francisc Gyulai, with me a yourdghD. Assistant

as membertogether with Conf. Dr. Ing Adriana Sida Manea, S.L.Dr. Ing. Eugen
Dobandt, S. L. Dr. Ing. Rodica Bitrtu andregrettedTechnical assistant loan
Potorac

| am very happy and glad that | could see the design work of a wonderful team in
practice.

Another experimental studg the domain of hydrofoils and dydrodynamicsvas
conducted over the measurement met hodol
type hydrofoil used for the wicket gate of a reversible hydraulic machine.

The measurements were done in an open circuit wind tunnel of tketyAamic
Laboratory of Mechanical Facultgesigned and made by the Hydraulic Machinery
Team, presented in Fig. .

Fig.70. The MHT open circuit wind tunnel.

The hydrofoil is mounted in the tunnel, such as to achieve the conditions of infinite
span, to avoid the formation of end vortices and the appearance of induced
resistance, presented in Fig. 71, together with the switching of the pressure taps
magneto fluidic switch, designed and manufactured within the collective

of Magnetic Liquids from Timisoara, Fig. 72.
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Fig.71. The MHTS hydrofoil in wind  Fig.72.The magneto fluidic switch together with t

tunnel working zone instrument for measuring the differential pressur
Further there were determined the pressure distributions on the hydrofoil for the
i ncidence angles U = 0A, 5A, 10A, 15A,
coefficientspresented irfrig. 73.
1.2
—e—Ca
1
il O
0.8
=
2 06
3
0.4
0.2
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al’]
Fig.73. The lift and dragoefficients variation
with the attack angle

Another study inthe ainydrod y nami ¢cs domai n wAansalityahlo ne i
approach and numerical methodology validated against experimental data on S
shape airfoil for wide flow angles of attatk t oget her wi th -Conf .
Sida Manea and C.S.I. Sebastian Muntean, wtiereaccuracy of the results was
presentedvith both the analytical approach developed by Prof. O. Popa and the
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numerical methodology, against experimental data obtained on S shape aidoil for
wide range of attack angles, but this will notdresentedn this habilitation thesis
the reference can be studied separately

[.3.5. Research in the field of cavitation27, 28, 29, 30, 31, 32

All the studies in the cavitation domain were done within the collelgt/by Prof.

Dr. Ing. llare BORDEASU the head ofavitation Erosion Research Laboratarf/

the Faculty of Mechanical Engineering of Politehnica University of Timisoara. In
this manor different studies were conductegulting in several publisheatticles
thatpresenédthe research work

The phenomenon of cavitation is present in all areas of industry where liquids are in
motion. The recognition of its effects is given by the destruction of the material
structure through erosion, by vibrations and noise, as well as by the modification of
the hydrodynamic field leading to a decrease in energy performance (efficiency).
Correlated with the current trends in the use of aluminum alloys in various
components, such as boat engine propellers and cooling pump rotors of car mills,
the problem arisesf improving the characteristics that determine their increased
resistance to cavitation erosive stresses.

In this regard, the following study presents the results of research into the behavior
and resistance to erosion by vibratory cavitation of the structure of the 7075
aluminum alloy in the 351 state hardened by TIG remelting.

The behavior and structural strength of the 7075 alloy in the T451 state to the stresses
of cavitational microjets is very little known, although it is used in strength structures
in the military and aeronautical fields, where mechanical properties, alypeci
hardness, close to those of laloy carbon steels are required. In the literature, the
only data on the cavitation resistance of alloy 7075, cast or rolled, are those obtained
at Politehnica Uni versity of Ti i Hoar
Laboratory, which refer to the seffimished states and those resulting from artificial
aging heat treatments at 180°C, 140°C and 121#Ghe analysis of these data does

not provide a clear picture of the dependence of resistance and behavior to cavitation
stresses on the parameters of the treatment regime (temperature) and the values of
mechanical properties, further cavitation inigetions being necessary.
Theresearched materialis the7075aluminum alloy in T451condition, cast in the
Specialized Laboratory of the Special Materials Expertise Center of the National
University of Science and Technology Rehnica Bucharest, hardened by remelting
using theWIG (Wolfram Inert Gas) method. The reason for analyzing this alloy

is that its behavior and resistance to taionerosion were investigated for the cast
semifinished product state and for three structural states resulting from artificial
aging heat treatments at 180°C, 140°C and 120°C, with a holding time of 12 hours
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and the desired increase in strength was not achieved, compared to the cast semi
finished product state. Wishing to expand its application to parts such as valves,
directional valvesboat propellers, pump rotors, which are part of the construction
of hydraulic machines and equipment, which work in various intensities of
cavitation theresearch was carried out on the structure of this alloy hardened by the
TIG remelting method.
The material properties are:
- Chemical composition: 0.37% Si, 0.45% Fe, 1.6% Cu, 0.27% Mn, 2.15%
Mg, 0.19% Cr, 5.8% Zn, 0.19% Ti, rest Al
- Mechanical properties: breaking strength Rm = 225 MPa, yield strength
Rpo2= 175 MPa, breaking elongations & 6%, hardness = 74.5 HB,
resilience KCU = 9.5 J/ctn

Fig.74. The Metallographic analysis of the structure

The metallographic analysis of the structdtig, 74, performed with the REICHERT
UnivaR microscope, shows that in the structure of this alloy the most common
precipitatesnclude MgZn and AkZr.

The remelting of the surface of tlsampleswas done in the laboratory of the
National Institute for Research and Development in Welding and Materials Testing
(ISIM) Timisoara, on the WIG welding machine, shown in Fig. 75.
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Fig.75. The experimental stand /0fG remelting

The parameters of the technological regime are:
- Welding current: Is = 70 A;
- Arc voltage: Ua = 11.7 V (RMS = Root Mean Square);
- Arc length: 2 mm;
- Welding speed: Vs = 12 cm/min;
- Linear energy: E= 10.4 J/cm;
- Remelting time: 15 seconds;
- Electrode de 2.4 mm;
- ARGON gas 100 %;
- Gas flow: 8 L/min;
- Balancing 60/40 %.

Thesteps in thggrocedure for remeltingere:
- the base material was preheated to 100°C and the temperature eEesEwas
maintained between 120°C and 150°C
- the constant welding speedas ensured witthe WIG welding head mounted on
an automatedvelding maching
- in order b remelt the surface, parallel passes were made with a step between them
equal to 2/3 of the width of a pass, thus ensuring an overlap of approximately 1/3 of
the width of the pass.
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Like thisit was obtaineda smooth melted surface, without weldogfects Fig. 76

a) presents the surface appearance after the completion of remelting. 76 Bigg

can be seen the appearance after flat turning, grinding and finishing with abrasive
paper to a roughness Ra = &18.

a) b)

Fig.76. Thematerial appearancatfter TIG remelting

After the hardness measurements, performed at 5 points on the surface of the sample
for the experiment, it was obtained an average value of 154 HB.

Thecavitation testswere carried out in th€avitation Erosion Research Laboratory

of the Politehnica University of Timisoara, on the vibrating apparatus with
piezoceramic crystals, presented in Fig.77, using cylindrical test samples with a
diameter of 15.8 mm and a length of 16 mm.

| }

Piezoceramic||| Transducer with
crystals piezoceramic crystals

220 Vce
[ ——=—

Electronic 20kHz

ultrasound generator

Water
cooling system

Amplifier 1

Mechanical vibration system
for amplitude amplification

Amplifier 2

Titanium
hrade 4 sample]

Water
temperature sensor

Fig.77. Functionakonstruction diagram of the vibratory device
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The experimental procedure and research conditions regarding: the number of
samples tested (three), the total duration of cavitation exposure (165 minutes), the
intermediate periods (one of 5 and 10 minutes and 10 of 15 minutes each), the liquid
medium (dstilled water with a temperature of 22 + 1°C), the processing and
interpretation of the recorded data, comply with the laboratory specifications and the
provisions of the international standard ASTM GZ216.

The mass losses, necessary for determining the average erosion depth during each
intermediate cavitation period, were determined with the Kern ABT-5NIA
analytical balance, with the accuracy of 0.00001 g. The measurements were
performed at an ambient tperature of 21...26°C and a humidity of 62...78 %.

The diagrams in Figr8 and 79 show both the analytical forms of the relationships
with which the averaging curves of the experimental value® constructed, the
valuesof the MDE.x and MDER. These parameters are necessary for evaluating
the structure's resistance to cavitation erosion and the vafudse statistical
parameters, that provide information about the accuracy of the experimental test and
about the compliance with the paramstef the WIG remelting technological
regime (the averag&andard deviatios and the degree of precision expressed by
the tolerance interval in which the averaged experimental vaheedistributed).
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Fig.78. Variation of the average cumulative erosion depth with the duration of cavitati
exposurgi = is the number of the intermediate period; the first of 5 minutes, the second
minutes and the next ten of 15 minutes each)

The data in Fig. 78 show:

- the three samples have similar behaviors, in some situations the cumulative
material losses of the three samples, expressed by the cumulative average depths
being equal (30 min, 75 min, 90 min, 135 min). These aspects show that for all three
samples, thparameters of th&/IG remelting technological regime were respected,;

- an increase in MDE valuas observed in thénterval of 0...15 minutes, which
suggests that from these moments the surface structure is eroded by cavitation. This
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suggestion is false, because, according to previous studies from the Cavitation
Erosion Research Laboratory and those provided by bibliographic references [31],
this period (0...15) min is characterized by the elimination of the asperity peak,
elasticplastic deformations and the creation of crack networks;

- the limits of the 97% tolerance interval with the value of the average standard
deviations = 0.028 show the accuracy of the experimental program, as a result of
the rigorous control of the functional parameters of the vibratory device, through the
software implemented in the computer with which the cavitation process was
conducted,;

- the averaging curve suggests an exponential increase with a linearization trend
starting from minute 45. This evolution mode suggests two aspects: (1) damping of
the impact pressures exerted by the cavitational microjets on the attacked surface,
(2) increasing the hardness of the layer in the eroded structure.

0.06[ ; ! i
—— Analytical curve (mean approximation curve) MDER(t)
% @ » eValori experimentale, Experimental values MDER;j, i = 1...12
C o= | |
£ 0.045
SE y 4.
2 e )i MDER(t
LTJ & ® L J Y ® d
£ = 003 -
o *
o . . &
ol * *
c= 3 MDERs = 0.028 ym/min
8 < 0.015 Al -
= ¢ MDER(t) = A-(1-e B) + A.B-t-e Bt
A=0.027 B=0.026
0 |
0 45 90 135 180

Duration of exposure to the cavitation attack, t [min]
Fig.79. Variation of the average erosion rate with the duration of cavitation exposur:
(i = is the number of the intermediate period; the first of 5 minutes, the second of 10 m
and the next ten of 15 minutes each)

The data in Fig79 shows:

- small relative differences between the velocity valukgermined in the
intermediate intervals, which confirms the hardness of the layer attacked by
cavitation, obtained bWIG remelting;

- high value=f the speeds in the first minutes (5 minutes), which confirms that the
structure did not suffer significant losses of base metal, but that these araduke
effect of the elimination of abrasive dust and the tip of the asperitiesniamafter
grinding;

- the relatively uniform dispersion of the experimental valoespared to the
averaging curve MDER(t), which reconfirms the accuracy of the experimental
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program while simultaneously respecting the remelting regime of the layer required
by cavitation.

The morphology of structural degradation is illustrated by photo and micro
fractographic images. The illustration of how the erosion caused by vibratory
cavitation extends, both on the exposed surface and in depth, is shown30 Byg

macro images of the surface appearance at 6 significant times, defined by the shapes
of the curves MDE(t), Fig8 and MDER(t), Fig’9.

105 min 150 min 165 min
Fig.80. Themages of the evolution of erosion in the sample surface structure

The images presented in F&P suggest that:

- the cavitation matting and incubation period is shorter, maximum 15 mjniutes
can be seen in the image with 15 minutgbkerethe micro caverns are already
visible onthe cavitated surface;

- increasing the duration of the cavitation attack leads to the development of caverns,
thdr size and numbeancreases;

- the shape of theaverns is pinched, with a creliike appearance, which shows that

the material was torn out and expelled under the shapes of the grains;

- starting with minute 105, the differences become increasingly difficult to notice,
which explains the decrease in impact force, through the damping effect of the water
and air that penetrated them, during the contraction period of the sonotrode.

In order to understand the mechanism of destruction of the surface structure,
remelted bywIG the fractography was performed by scanning electron microscope
(SEM), combined with energy dispersiveray spectroscopy (EDXJig.81.
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c)zoom 1500
Fig.81. SEM analysis of experimental specimens of alloy 7075, cavitation tested after
hours anddifferent microscope magnification powers

The SEM images in Fi§la) and Fig81b) show the irregular shapes of the caverns,
randomly distributed in the area affected by cavitation, and the image. &id}jga

detail of the previous figures, shows a rough, spongy splikesurface.

From the measurements made under the microscope, these caverns have small
dimensions, from 10 um to 58m. The shape of the caverns and the dispersion in
the microscope objective, classify the structure hardenafliB/remelting as one

with very high resistance to cavitation erosion.
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The image in Fi@la) also shows that the deformations anie caverns in the
cavitated area appear to be localized in the central area where the cavities are present,
indicating plastic deformation before fracture.

Fig.81b) shows that the surfaces are relatively smooth around the edges, with a
central area showing multiple cavitiesnaterial pulouts. The sizes of the cavities

vary and are evenly distributed in the central area. The edges of the samples show
fine lines, suggestyg possible cracks or deformation zones.

From the point of view of the degradation mechanism, the fracture has a mixed
character, either ductile or brittle; ductile fracture being characterized by the
formation ofmicro voidsand plastic deformation before fracture, and brittle fracture
occurring suddenly, with very little prior plastic deformation.

The texture of the fractures is a general one, in whicimibeo voidsare coalesced

to form multiple cavities.

SEM images show the presence of fine lines indicating intergranular (along grain
boundaries) andtrans granular (through grains) cracks. We believe that
intergranularity indicates that grain boundaries were points of weakness, caused by
the presence of impurities or secondary phases at these boundaries. We also believe
that transgranularity suggests a higher isidrstrength of the grain boundary and

may indicate a more homogeneous material.

Based on microscopic analysis, the cavitation resistance of the analyzed structure is
strongly dependent on the presence of impurities, pbagesgation and local
structural variability that can increase the susceptibility to cracking and breakage.
The metallographic image, =82 presents the depths of the caverns in different
areas, which exceed by over 40 times the calculated average. WWaitie (see
Fig.78), which supports the breaking force of the pressures developed upon the
impact of the structure with the cavitational microjets.
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distance:207.0 u m

distance:207.5um

distance:338.1 um

distance:497.8 um

Fig.82 Structural appearnce of maximum erosion penetration depth

The assessment of the resistance of the rem&MWHd structure to vibratory
cavitation attacks, according to the data shown in the histogram.B2Fig given

by the values of the parameters MREand Ra, = 1/MDER; (resistance of the
structure to cavitation), compared with those of the structures of the same alloy for
the semifinished product states in the cast state and resulted from the volumetric
heat treatments of artificial aging at 180°C (TT180/12h), 1409140/12h) and

120°C (TT120/12h), witholding times of 12 hours.

The differences between these strengths are dictated by the differences in hardness
values (74.55 HB for the cast sefmished state, 91.3 HB for TT180/12h, 95.5 HB

for TT140/12hand76.5 HB for TT120/12h).
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Fig. 83 Histogram of comparison of resistance to vibratory cavitation erosion

The histogram data shows an increase in the resistance to erosion caused by the
cavitation phenomenon, conferred\WG remelting, according to the valuekthe
MDEax parameter, from 63% compared to the structure obtained by the TT
180°C/12h artificial aging heat treatment to over 7 times compared to the structure
obtained by the TT 120°C/12h. And the valoéthe cavitation resistance parameter
Rcav, show a signidant increase, from 55% compared to the structure obtained by
the TT 180°C/12h treatmeg to over 8 times compared to the structure obtained by
the 120°C/12h treatment.

Therefore, the application diVIG remelting technology to strengthen the
hardness of the surface structure of #¥5aluminumalloy is beneficialbecause
it will lead to a substantial increase in its service life in hydrodynamic operating
environments, characterized by a strong cavitation regime, specific to pump rotors
and motorboat propellers.

Another interestingstudy was done ithe cavitation resistance biocompatible
zinc-based alloys for biomedical applications.

Zinc and magnesium are biocompatible metatsl hrough ther combination,
respectively with copper, they found their applicatioistents and heart valves for
personnel with cardiac problems.

As the humarbody is a network of veins through which the blood circulates, the
heartplaysthe role of a pump, similar to hydraulic networks, through which fluids
circulateunder pressure, hydrodynamic phenomena occur in the blood circulatory
network whenthe pressure changes its values. The sudden decrease in pressure,
belowthevaporizationong followed by a sudden increadeads to cavitatioitype
manifestations with allts effects known and presented in literature (shocks,
burglaries of veins, etc.)

Starting from theseeasonsthis studypresents theesults of cavitation tests, carried

out on two biocompatible alloys (ZnMg a@ddCuMg) created in the laboratories of
the University of Natural Sciences andchnology Politehnica Bucharest.
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Due tothe biocompatibility of the thrematerials theobjective of theesearch is to
identify the best alloysuitable forheart valves, or stents, that can withstand the
shocks produceldy the implosions of cavitation bubbles in the blood.

The esearcled material

The researched alloys were developed in the specialized Laboratory of the Special
MaterialsExpertise Center of the National University of Science and Technology
PolitehnicaBucharest (NUSTPB) in a crucible flame furnace at 650 °C, using
elements withadvanced purity, respectively Zn 99.99%, Mg 99.99% and Cu
99.99%.

Casting wagdone in stainless steel ingot. The chemical composition of the three
alloys is:

i for the ZnMg alloy: Mg=3.30%, Fe=0.85%, S=0.36%, P=0.019%, Si=1.06%,

Al = 0.87%, Ni = 0.02%, Zn = the rest;

i for the ZnCuMg alloy: Mg = 3.66%; Fe = 0.95%; S = 0.14%; Cu = 3.09%: Si =

0.36%; Al = 1.05%; P = 0.001%; Ni = 0.02%; Zn = the rest.

The characteristic of these alloys is that the magnesium and copper harden and

brittles zinc due to the formation of hard intermetallic phases{NgCu.Zny).

The structures of these cast alloy®).84, have dendritic segregation, where the
dendritic arms are | ocated i n the range
in the metal matrix.
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Fig. 84. Structural analysis of 2Mg alloy- specimens attacked with Nital 2%.
The values of the characteristics of mechanical resistanteetiking and HB

hardnessjetermined in the laboratory of the Special Materials Expertise Center, are
shownin Table 6.
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Table 6. The values of mechanical properties.

Habilitation Thesis

Alloy type Rm [MPa] Rp0.2 [MPa] | A5 [%)] Hardness HB
Zn-Mg 108 30.7 3.69 74
Zn -Cu-Mg 123 84.23 2.42 76

The data in Table 6 shows that significant differences exist between the
characteristics of mechanical resistance to breaking of 13.88% between the values
of Rm, 2.8 times between the values of Rp0.2 and of 52.4% between the values of
A5. The differencesdiween hardnesses being reduced (3 + 5)%. So, the differences
in behavior and resistance to cavitation, for these alloys, according to the older
research done by Garcia and recorded by Franc, will be dictated by the values of
these mechanical charactesti

The Apparatus and Cavitation Testing Methodology

The cavitation test program took place in tlavitation Erosion Research

LaboratoryofUni ver si ty

Pol

i tehni

Cc a

of T

mi Ho a

with piezo ceramiccrystak, respecting the requirements of the international
standards ASTM G32016 on the stationary sample test method (indirect method).
Also, the experimentgd r ocedur e
test time (165 minkhe duration of i=12 intermediate periods (each of 5 and 10 min
and 10 of 15 min eachihewashingmethod andirying.
The determination of mass losses and the processthg etperimental data in the
determination of the mean depth of erosion (MDE), the niksgoth erosion rate

(MDER), the upper (S) and lower (I) limits of the dispersion bandyien standard

eval uat i ngcavihtien, r e si
by comparing the values of the specific paramet@es also done according to
laboratory procedure.
The functional parameters of the device, which determined the erosive intensity of
the cavitation are: the power of the electronic ultrasound generator = 500W, the

error

doublev i
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brati on

and

when

amplitude

respected

50

t he

Em,

t he
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Vick

values ofthese parameters are consistent with the requirements of ASTR @82

standards.

Also, according toASTMG32016therequirements are the diameter of the circular
surfaceof the cylindrical sample, exposed ¢avitation (d = 15.8 mm) and the
temperature (t =22 £ 1 °C) of the distilled water used as liquid (kinematic
viscosityD=1.01-10° m?/s).
The mass eroded by cavitation, during the intermediate durations, was determined
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with the KERN ABT 1065NM digital electronic balance with a precision of 0.01

mg.

For the accuracy of the research results from each heat treatment regime, were taken
Into account the tests of at least 3 samples, where the results fell within the precision
error accepted by the laboratory custom (maximum 10%).

The distancdetween the surface of the tested sample (stationary sample) and the
surface of thevibrating sample was 1.00 mm.

The Cavitation Test Results

In order to follow and analyze the behavior of the structures dwavgation
attacks,based on the mass | osses , witm thee ac h
relationships in were determined the values of the mean depth of erosion were
deter mi ned odpMDbEie aredan depth erosion r
(where:it est i ng Tpheduroadt,i apt iof t he inter med:i
andlb)).

For the construction of specific diagrams (seed5)g.which present the variations

of the experimental values of the mean depth of erosion and mean depth erosion rate
with the duration of the cavitation attack, as well as the averaging curves of these
values(MDE(t) and MDER(t)), the formulas below have been used:

i for the cumulative mean depth of erosion obtained on the basis of experimentally
determined mass values after each intermediate period:

000 B Y000 a (73)

i for the analytical curve averaging the experimental values of the mean depth
erosion:

b'oO® o6WIp Q° (74)
i for the analytical curve averaging the experimental values obtained for the mean
depth erosion rate:
000% O0WOPp Q° 6HIM ° (74)

where: fori = 1, pit= 0, MDE; = 0O;

A- is the scale parameter, statistically established on the basis of the experimental
values,for constructing their approximation/averaging curve, provided that their
deviationsfrom it are minimal (x10% deviation);
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B- is the shape parameter of the curve, established statistically based on
experimentalalues.

The values of parameters A and B were determined with a model created in the
MathCad program by the group of researchers of the Cavitation Erosion Research
Laboratory.

The Diagrams and the Parameters Specific to Cavitation Resistance Behavior

The data in Fig. 85 show that the two alloys, created for the manufacture of stents
and valves used in cardiology, hasimilarities and differences in their behavior to

the demands of the developed microjets, thus:

i The different behavior of the ZnMg alloy (Fig. 85c) from the ZnMg alloy (Fig.
85a) in the interval 0e30 min, by incr
depth of erosion (experimental values), followed by a decrease over the interval (30
+ 75) mnutes and then linearly increasing until the test duration is completed (165
min);

I The different behavioref the two alloys, expressed by the experimental values,
are determined by the response of the structures to the specific mechanism of
destructionof the roughness peaks, through the creation of deformations and the
generation ofMmicrocraters and respectively by the response to the impact with the
pressure forcedeveloped by the cavitational microjets, influenced by the dendritic
microstructuresthe number and dispersion of brittle compounds of the three basic
chemical element&n, Mg, Cu), as well as the use of pressure potential energy for
deformationsgracking, breaking and hardening;

I The sizes of the dispersion bands, given by the values of the tolerance fields (97 +
98) % and the average standard deviati on
testedsamplesfrom each type of allgyare structurally identical analso inthe
values of themechanical propertiesn the volume of the samples and in the
cavitation surface area.

The diagrams containing the variations of the erosion speeds8@kgand85d)
confirm the similar behavior of the two samples from each alloy, and in addition,
compared tdhosefrom the diagram$érom Fig. 85a and35c, is observedhe similar
evolutionsof the curves MDER(t), with a tendency to increase up to the stabilization
values MDERsywhich leads us to beliewbat, from the point of view of potential
energy absorptiorgreated by the surface impact pressure with microjets and shock
waves, the structures tifese alloys behave similarly

The difference in the value of the MDERs parameter bginwgn by the values of

the mechanical properties (see Table the microstructure anthe mode of
hardening under the cyclic stresses of cavitational micr@gesy important aspect

for the behavior of stents and heart valves at people with fredoiems.
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Fig. 85. Cavitation characteristic curves: a), c) The variation of the mean depth erosion
the duration of cavitation exposure b), d) The variation of the mean depth erosion rate

the cavitation duration.
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Morphology of Structure Degradation

In Fig.86 and 87 are shown macroscopic, microscopic astéreomicroscopic
imagestaken orthe eroded surface aftdre completion of the cavitation test.

The macro images, obtained by photography with the CRoarer Shot A 480, and
the microscopic (SEM) imageshow thatcyclic stresses cause caverns of different
sizes, which give the surface a spongy appearance.

s

Al
15 % JA W

a) Eroded area b) SEM image (500x) c)The caverns in the eroded surfaaiter
after 165 min completion of 165minute test recorded o
stereomicroscope
Fig. 86. Macroscopic and microstructural images with the evolution of erosion in the ca\
surface area (ZnMg).
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Fig. 87. Macroscopic and microstructural images with the evolution of erosion in the ca\

surface area (Z8uMg).

a) Eroded areab

The extent of erosion in the planéthe cavity surface and in depth are dependent
on the type of alloy, the values of itnrechanical properties (see Tab)ethe nature,
dimensions andhe numberof intermetallic compounds MgxZny and CuxZny.
These images, supplemented by the microscopic(@kedd) andcellsobtained with

the stereomicroscope, confirm the statements made antigsis made on the data
from the diagrams in Figb.

Clarification: The images from Figs86c and 87c are obtained with the
stereomicroscopeatfter sectioning the sample perpendicularly and along the
diameter of the cavity surface.

The shape of the caverns in these pdatw microscopic imagehow that the sizes

of the grains ejected upempact with the cavitational microjets are small, specific
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to structures with high resistanct® cavitational stresses which, through
biodegradation, can quickly dissolvethmre blood circulatory systentike thisthe

life of devices used in cardiovascular surgeryoizg and does not endanger life.
Aspects captured at 50dxagnification (SEM imagesom Fig.86b) andFig.87b))

show a brittle, shiny crystalline appearance with flattened caverns.

However, the shapes of the caverns Egé6c) andFig.87c)) urge caution/medical
assistance, in the case of cardiac dewadsdevices made of these alloys, because,
from the point of view of the hydrodynamio$ the flow in the blood circulatory
system the use of stents is necessary, benehcitanalsobedisadvantageous for

two reasonsbecause they degrade quickly and because these caverns change the
configuration of the hydrodynamic field, generatsigpng turbulence and pressure
variations, with effects that can become problemataven destructive) for the
cardiac stability of the patient.

Both photographic anchicroscopic images, through profilograms, but also through
the maximum depths of the measured caverns (se@6EigndFig.87c)) suggest

that themost degraded structure, with the lowest resistance to the vibrational
cavitation stress, ithat of the ZnMg alloy, due to the very low value of the yield
strength Rpy, in relationto the other alloy.

The histogram from Fi§8 shows the differences between the values of the
parameters MDE.x, MDE.,, (cavern depth measured in the sectional plane see in
Figures 86c and 87c) and Ray = 1 / MDERSs (resistance to cavitation) as an
expression of the effect on the resistance of the surface structure to the cavitational
stresses by the type of alloy, by its microstructure and by its mechanical properties.
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Fig. 88. Histogram of comparison of cavitation resistance reference parameter valu

The histogram data shows that the strength of ZnCuMg alloy is higher than that of
ZnMg alloy, thus:

I according to the values of the MR& parameter, it is about 4.81 times higher;

i according to the values of the MREparameter, it is about 3.25 times higher;

I according to the values of the.Rparameter, it is about 8.82 times higher.

The zinebased alloys, researched in the waie technological solutions faihe

use in the manufacture of stents and valves intended for cardiovesaglary, due

to their biocompatibility and biodegradation atmdthe fact that the intensitgf
cavitation produced by pressure oscillations in the circulatory system is much
reducedcompared to the intensity of vibratory cavitation in distilled water.

The results of the research, expressed by the values of parameters specific to
cavitationerosion, show that, from the point of view of behavior and resistance, the
ZnCuMgalloy ensures a longer life (more than 8 times compared to the ZnMg alloy).
The macro and microscopic images of the eroded surfaces confirm the dependence
of the behavior and resistance to cavitation on the type of microstructure and
correlationof the values of the main mechanical properties ., As and HB).

94



Daniel Catalin STROISA Habilitation Thesis

Chapter II. The results of the research activity in the field of dynamic
identification of wind turbine pitch systems[33-52]

As the European Union 2030 energy strategy aims to reduce its greenhouse gas
emissions by at least 55%, incrie@sthe share of renewable energy to at least 45%
and considering the enormous potential of offshore wind, which could meet
Europebs energy demand seven ti mes, It
become one of the main electricity generators in Europe.

The offshore wind turbinesdvantages are:

- low greenhouse gas emissions compared to gas ang@wealed energy

- allows the energy to be produced while saving land and reducing to almost zero
the visual, noise, and shadow impacts compared to onshore wind turbines

- better output due to larger turbinesmpared to the onshore wind turbines and due

to running with more qualitative wind (higher speed with a steady performance).

The main disadvantages of offshore wind turbines compared to the onshore ones
consist of high operating expensdae to accessibility conditioned by the weather,
increase in installation and transmission expenses as well as new issues concerning
saltwater corrosion and the substructure inspection in an offshore environment
Thereductionof operating expens&san be achieved by increasing the operational
performance standards on each turbine. To optimize offshore wind energy
production and reduce costs, unschedutaentenance must be minimized and
continuous operation must be ensured.

In literature [35] is providad a detailed analysis of wind turbine subsystems,
identifying the hydraulic pitch system as tpamary contributor to overall failure

rates, accountinfipr 13% of all failures. Auxiliary components such as lifts, ladders,
and nacellesealsr e grouped under 060Other Compone
failure rate, while thgenerator, gearbox, and blades account for 12.1%, 7.6%, and
6.2%, respectively. Given thegnificant impact of hydraulic pitch system failures

on wind turbine reliability from theabove research background, this system is
selected as the focus of our investigation.

The primary function of the hydraulic pitch system is to precisely control the pitch
angle of the turbine blades, ensuring both safe operation and optimal power output.
The objective of thisesearchs to identify experimentally the mathematical model

of a servevalve controlled hydraulic cylinder operating under a variable load,
necessary for th@roper development, analysis, and synthesis of an optimized,
robust, reliable, and efficiepitch control system.

In the following researcls presented the experimental identificatioihthe wind
turbine pitch systerwith periodical sine signals as inpartd the actuating cylinder
position as output
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The use of these types of test signals, to determine the dynamic characteristics of the
systems, presents many advantages, the investigated installation being brought into
the regime of forced oscillations, the influence of the noises appearing in tkegroc
and of various disturbances on the useful output signal can be more easily
discriminated. Another advantage is that using -reean periodic sample signals
allows the use of larger amplitude signals compared tepeoindic signals. This
method also athe advantage that it ensures a uniform precision for the entire
frequency band, specific to the researched process.

The mainadvantage of using this method is the fact that it allows the direct
determination of the frequency response of the researched process, which can be
used directly in the design calculations of the automatic system. Also, this method
also allows the detenmation of dynamic characteristics for nbnear elements,

even obtaining their description functions.

Accordingly, this chapter islividedinto 3 subchapters:

II. 1. The experimental setupwhere it is presented the experimental stand, with

its components and the data acquisition system.

[I. 2. The mathematical modelwhich presents a proposed mathematical model for
the setup

[I. 3. Experimental system identification were there are presented the
experimentdly determined transfer functiomsd the Margin and Nyquist plofigr
different frequencies and amplitudgsosen as reference

II. 1. The experimental setup this part is composeaf the hydraulic stand and the
data acquisition system.

[1.1.1 The hydraulic stand

The test rig and the hydraulic diagram of the stand wenchlates the blade pitch
mechanism of the wind turbine are depicte&im89.a) and89b).
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Fig.89.a). The test rig for the pitch hanism of the wind turbine

In principle the test rig consists of two main systems, one which is the actuating
system, whichemulates the blade pitch mechanism and one which isotding
system, whiclemulates the load on the blade.

‘IO»:E @

Fig.89.b). The hydraulic diagram of the test rig
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The actuating system consists of: the main hydraulic pump 3, actuated by the
electrical motor 1, the pressure filter 4, the main line pressure sensor 5, the
manometer 6.1, the servo valve 7, the actuating cylinder pressure sensors 8.1 and
8.2, the actuatmpcylinder 9.1, the LVDT position transducer 10, the force transducer
11, the flow meter 14 and the pressure relief valve 15.

The pressure relief valve is set at 100 bar and can be actuated from the stand panel,
when it is actuated the pressure in the system is 10@ruhthat can be easily
checked either with the manometer 6.1, either with the main line pressure sensor 5.
The servevalve g feeds oil to the actuating cylinder which can be moved either to
left or right. The electrical command for the semalve is given from a signal
generator which can generate step, sine and triangular signals with different
amplitudes and frequencies.

The pressure on either sides of the actuating cylinder is measured wtieskare
sensors 8.1 and 8.2.

The flow in the actuating system is measured with the turbine flow meter 14.

The loading system consists of the following parts: the oil feeding pump of the
loading system, the other pump of the twin one, which feeds oil tddading
cylinder 9.2., the check valves 12.1¢é12
loadpressure setting valve 13 with the manometer 6.2 and the check valve 16 which
ensures a pressure of 5 bar in thading system when the stand is running,
protecting it for cavitation occurrence.

The force given by théading system, whichemulates the load on the blade is
measured with the force transducer 11.

The testing rigconsistf the following parts:

1-The reservoir, which has a volume of 300 liters and it is equipped with breather
and oil level indicator. This has the role to store and also to coaldheng fluid

(ISO VG 46 hydraulic oil)

2- The dectrical drive motor type ATF 32M 4A hasa maximunelectrical power

of 7.5 kW. The electric motor drives the hydraulic pumps converting the electrical
powerinto mechanical power.

3- Twin hydraulic gear pump, with fixed displacement produced by Uzina
Mecanid Plopenj type PRD22-2188D[36]

The twin hydraulic pump transforms the mechanical power at the electrical motor
shaftinto hydraulic power feeding both systems with oil. The main pump ensures
the oil flow at a maximum pressure set by the relief valve and secondary one feeds
the part that is not pressurized of tlbading cylinder through the check valye
system.
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Fig.90. The hydraulic pump diagram

4- Pressure line filter [37]

The pressure line filter has the role to feed the system with clean oil without any
contamination in it. & functional scheme and the parts are presented in Fig. 91 and
it consists of the filter head (1), a screwfilter housing (2), the filter element (3) as
well as a clogging indicator (4) (connection provided agamdard). The oil is
passed via port A to the filter element (3), where it is cleaned. The dirt particles
filtered out settle in the filter housing (2) and the filter element (3). The filtered
hydraulic fluid is directed via port B back into the hydraulircuit.

The filter housing and all the connecting elements are designed so that pressure
peaks caused, e.g. by accelerated fluid volumes when large control valves suddenly
openi can be safely taken up.
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Fig.91 The pressure line filter
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Fig.92. The pressure line filter characteristic curves
The filter element is made of amganic fiber has a high filtration degree, with a 5
micrometer mesh, suitable for servalvessystems
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5- The pressure line pressure transducer Mannesman Rexroth HM5-1X/600
[38]
3
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Fig.93. The main pressure line pressure sensor

The pressure sensor has the following parts and sizes:
1-Pressure connection G 1/4 form A to DIN 3852 part 2; with sset.
2-Electrical connections via apin plug;

3- Minimum installation length

It has the following characteristics

Input values:

Operating voltage: + 10 Vto + 30 V

Current consumption | max: 10 mA

Measuring range: 0é600 Bar
Overload protection: 900 Bar

Burst pressure: 2000 Bar

Dead volume V approx. 450 mm3

Output values:

Output signal: 4 to 20 mA (2 conductors)

Temperature compensation:

X .
0

iZero point type O 0.08 %/ 10 K: ma
iRange type O 0.08 %/ 10 K; max. O

Linearity tolerance type O 0.1 % 1);
Hysteresis type O 0.05 % 1); max. O
Repeatability O 0.05 % 1)

Rise time t O 0.5 ms

Long term drift (6 months):

iZero signal O 0.1 % 1)
iRange O 0.1 % 1)

Ambient conditions
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Nominal temperature rangd& 25 to + 85 °C

Operating temperature rangé 40 to + 85 °C

Storage temperature rangé 40 to + 100 °C

Medium temperature rangd 40 to + 100 °C

EMC compatibility to IEC 804 severity class 3

Shock 500 g/ 1 ms

Vibration resistance to IEC 636 (at 10 to 500 Hz) 20 g
Protection to DIN 40 050 IP 65

6.1, 6.2 Manometer
The manometers used are HansaFlex GMM-1®0 H, Class 1, with a maximum

indicating pressure of 160 bar. : ,

g -“ e
Fig.94. The manometer
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7- Rexroth Servovalve type4dWS2EM1051/45B11ET210K31EV39]

Servevalve coding explanation

AWS2EM-Directional servevalve in 4way design for externalontrol electronics,

with mechanical return;

10-Size 10;

51- Componenseries 50 to 59;

45- Rated flow of 45 I/min at 70 bar pressure drop. The rated flow refers to a 100 %
command value signal at 70 bar valve pressure differential (35 bar per control edge).
The valve pressure differential must be regarded as reference. Other values result in
the flow being changed. A possible rated flow tolerance of £10 % must be taken into
account.

11-Val ves for external control electroni
ET - Internal supplyinternal return;

210 Inlet pressure range of 210 bar;

K31- Without mating connector with connector according to EN 175201,

E- Spool overlap 0 to 0.5 % negative;

V- FKM seals, suitable for mineral oil (HL, HLP) according to DIN 51524,

Valves of type 4WS(E)2EM16X/... are electrically operated;stage directional
servevalves. They are mainly used to control position, force and velocity. These
valves consist of an electrnechanical converter (torque motor) (1), a hydraulic
amplifier (hozzle flapper plate principle) (2) and a control spool (3) in a sleeve (2nd
stage), which is connected to the torque motor via a mechanical return.

An electrical input signal at the coils (4) of the torque motor generates a force by
means of a permanent magnet which acts on the armature (5), and in connection with
a torque tube (6) results in a torque. This causes the flapper plate (7) which is
conneted to the torque tube (6) via a pin to move from the central position between
the two control nozzles (8), and a pressure differential is created across the front
faces of the control spool. This pressure differential results in the control spool
changingits position, which results in the pressure port being connected to one
actuator port and, at the same time, the other actuator port being connected to the
return flow port.

The control spool is connected to the flapper plate or the torque motor by means of
a bending spring (mechanical return) (9). The position of the control spool is
changed until the feedback torque across the bending spring and the electromagnetic
torque of the torque motor are balanced and the pressure differential at the nozzle
flapper plate system becomes zero.

The stroke of the control spool and consequently the flow of the servo valve are
controlled in proportion to the electrical input signal. It must be noted that the flow
depends on the valve pressure drop. External control electronics (servo amplifier)
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serve the actuation of the valve, amplifying an analog input signal (command value)
so that with the output signal, the servo valve is actuated in actiovolled form.
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Fig.95. The servevalve elements

The zero flow of the valve can be calculated with:

0 Pg — P& p8 0— (79

The characteristic curves (measured with HLPT8#,= 40 °C £ 5 °C) are presented
in Figure 96, 97, 98 and 99
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8.1, 8.2 Actuating cylinder pressure sensor

Model No:PS200-D-G2-1;

Range: €200 Bar;

Output: 420 A,

Operating temperaturd: 0 € + 85 de g C;
Accuracy: +5% F.S.
Power : 18é36VDC.

Fig.100. Actuating cylinder pressure sensor

9.1, 9.2 Double rod double acting hydraulic cylinder,
CGT3MS2/40/28/300F11/B11HEUTAWF158480]

Both hydraulic cylindersthe actuating cylinder and tHeading one have same
dimensiondeingmechanicallyjconnected through the force transducer.
Cylinder coding explanation

CG -Double rod cylinder;

SeriesT3;

MS2- Foot mounting;

40- Piston @ [mn

28- Rod @ [mm];

300-Stroke [mm];

F- Head and base connected by tie rods with guide bush;
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