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EDITORIAL
Trends in 2018
For some time, my younger colleagues keep repeating their
questions whether hydraulics is still an area of interest and if
so which would be the topics of the future. The answer to the
first question is prompt and without much justification, maybe
except the one that it is not possible to eliminate a type of drive
which along with pneumatic, electric and mechanical drives
Ph.D.Eng. Petrin DRUMEA
underlies any kind of transmission or movement in the
MANAGING EDITOR
technics.
For the second question things get complicated, because there are many possible
answers, which differ according to the specialists' interests, their field of activity, the trends
in the related fields and, many times, even according to the general directions of
development in science, technics, technology and new materials.
However, besides general stuff, which is most often unnecessary, I also have some
practical answers. First of all, it should be made clear that most of the trends of the last
decades have turned over time into "milestones in the development of the field", which will
most likely happen to today's trends, as well.
Current trends fit into several directions, of which the most important ones are related to
reducing energy losses, increasing functional performance and reducing production costs
by using new technologies and new materials. Specifically, I believe that the following
topics will be of great interest in the coming years.
1- Reducing energy losses by developing solutions by which the hydraulic energy
produced gets very close to the energy consumed in each phase of the operating cycle of
a machine.
2– Increasing the performance of hydraulic equipment by using new technologies and
intelligent materials.
3- Developing new types of equipment with new features.
4- Discovering working fluids that can be used in systems with high fluctuations in
temperature or extreme climatic conditions.
5- Embedding hydraulic or pneumatic systems in clean, renewable energy production
equipment, both for power functions and for control and automation functions.
6- Digitalization of hydraulic systems.
7- Switching to series production of digital hydraulic equipment and systems.
8- Increasing reliability of hydraulic equipment and systems by careful control of heating,
vibration and friction.
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Operating Equations of a Rotating Machine that Drives Fluids
Drd. Almaslamani Ammar FADHIL1, Prof. Dr. Eng. Nicolae BĂRAN1
1 Politehnica

University of Bucharest, n_baran_fimm@yahoo.com

Abstract: The paper contains originality elements regarding both the constructive solution of the rotating
machine and its functional equations. There are theoretical aspects regarding the fluid handling with this new
type of rotating machine with profiled rotors. The end of the paper presents the operating equations and the
advantages of using this new type of rotating machine.
Keywords: Rotating machine, profiled rotors, operating equations

1. Introduction
By its content, the paper aims to present a new type of rotating machine with profiled rotors that
can be practically used in several versions:
- As a working machine (pump, fan and blower); in this case the fluid pressure at discharge (p 2) is
higher than at suction (p1).
- As a force machine (steam engine or combustion gases, hydrostatic motor); in this case p1 > p2.
The use of rotating working machines is focused on two directions [1]:
a) Transportation of fluids from one place to another;
b) Increasing fluid pressure to generate the necessary forces for different hydraulic drives.
The constructive solution presented in this paper refers only to a).
Rotating working machines have the following advantages [2]:
• Transfers the received engines torque to the shaft with minimal losses in potential fluid pressure;
these machines do not have alternate rectilinear motion, there are no valves;
• It has a higher reliability in operation; do not require maintenance over a relatively long period of
time;
• Certain constructive solutions can carry fluids with impurities, rheological fluids.
The paper reveals new theoretical aspects regarding the fluid circulation with a new type of rotating
machine with profiled rotors, its performances were validated by experimental researches.
It is stated that there are fundamental equations of the operation of hydraulic and thermal
machines but it should not be confused with the operating equations.
2. Presentation of the rotating machine with profiled rotors
2.1 The sketch and operation principle of the rotating machine
In the paper, the term "machine" is used in the sense that it can be used as a fan, a low pressure
compressor and a pump for pumping pure liquids or suspensions.
The sketch of the rotating machine and the operating principle are shown in Figure 1. The machine
(fig.1) has two identical profiled rotors (2, 5) of a special shape which rotate with the same speed
within a case (1, 4).

6
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Fig. 1. The rotors position after a 90° rotation
1- lower case; 2- lower rotor; 3- suction chamber; 4- upper case; 5- upper rotor; 6- rotating piston; 7- driven
shaft; 8- discharge chamber; 9- driving shaft; 10- cavity in which the upper rotor piston enters

The aspirated fluid (fig. 1. a) is transported to the discharge and after a 90° rotation of both rotors,
the situation in Figure 1. b and in Figure 1. c is reached.
The synchronization of the rotation of the two rotors (2 and 5) is ensured by two gears of the same
division diameter mounted outside the machine.
In Figure 1, the two rotors have the same radius (Rr), the cylindrical case has the radius (Rc), and
the triangular-shaped rotating piston has the height (z). From figure (1) one can see that:

Rc = Rr + z [m]

(1)

2.2 The calculation of the rotating machine circulated fluid flow rate
It is noted with Vu (figure 1) the volume between the rotating pistons, the side surface of the case
and the side surface of the lower rotor (2) of length l. On a 360 ° rotation of the shaft (9) two such
volumes will be transported from suction to discharge:

  R 2  Rr2 
2  Vu = 2  c −
l
2 
 2

(2)

Replacing the relation (1) in (2) one can obtain:

Vu =  lz  ( z + 2 Rr ) [m3 / rot ]

(3)

The volumetric flow rate of the fluid displaced by the machine will be:

V =  lz  ( z + 2 Rr )  m3 / s 

(4)

in which  - the rotation speed of the machine [rot / s]
replacing:

=

n
60

(5)

where n is the machine speed [rpm].
From the relation (4) one can obtain:

V =  lz  ( z + 2 Rr )

n
 m3 / s 
60

Since the working machine has two identical rotors, the fluid flow of the machine will be:

7
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Vm = 2V =  lz  ( z + 2 Rr )

n
 m3 / s 
60

(7)

From the relation (7) one can observe that for a constructive solution given by l, z, Rr, the
volumetric flow of the fluid varies linearly with the machine speed.
This rotating machine was built and tested in the laboratory of the Department of Thermotechnics,
Engines, Heat & Refrigeration Equipment of POLITEHNICA University of Bucharest [3] [4].
If in relation (7) the following are introduced:
l = 0.05 m; z = 0.03 m; Rr = 0.05 m
n = 100, 200, 300, 400, 500 rpm, the data in Table 1 are obtained.
Table 1: Values of
n [rot/min]
−3

V 10 [m3/s]

Vm = f (n)

100

200

300

400

500

2.04

4.08

6.12

8.16

10.2

Based on the data in Table 1, the diagram in Figure 2 was constructed.
12

[m3/s]

10

8
6
4
2
0
0

100

200

300

400

500

600

n [rot/min]

Fig. 2. The function

Vm = f (n)

From graph 2 one can observe that the function Vm = f (n) is a linear function.
For a given constructive solution, from relation (7) it is observed that Vm = ct  n  m3 / s  , relation in
which n is "given input", and Vm is "output date".
2.3 Calculating the theoretical power of the rotating machine
It is known from the literature [5] [6] [7] that the theoretical power to drive a rotating working
machine is given by the relation:
Pm = Vm  p W 
(8)
in which:
Vm - the volumetric flow rate [m3 / s]
Δp- machine pressure increase between suction and discharge [N / m2]
With relation (7), relation (8) becomes:

Pm =  lz  ( z + 2 Rr )
8

n
 p
60

(9)
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Its value can be replaced as [8] [9]:

p =  H 2O  g  H  N / m 2 

(10)

where H is the pumping height [mH2O]:

n
  H 2O  g  H
60

(11)

Pm = Vm   H 2O  g  H = V  p W 

(12)

Pm =  lz  ( z + 2 Rr )
or:
For H = 2 m;

p = 103  9.81 2 = 19620 N / m2

(13)

Pm = Vm  p = 2.04 10−3 19620 = 40.20 W

(14)

Using the relations (10) and (12) for the same machine solution, the data in Table 2 are shown.
Table 2: Values of Pm =f(n), Pm =( V ),Pm=f(H)
n [rot/min]

V 10−3 [m3/s]

H [m]

p [N/m2]

Pm [W]

100

2.04

2

19.620

40.20

200

4.08

4

39.240

160.09

300

6.12

6

58.860

360.22

400

8.16

8

78.480

640.39

500

10.2

10

98.100

1000.62

Based on the data in Table 2, the graphs were represented graphically:
Pm = f (n) in Figure 3;
Pm = f ( V ) in Figure 4;
Pm = f (H) in Figure 5.
1200
1000

Pm [W]

800
600
400
200
0
0

100

200

300

400

n [rot/min]
Fig. 3. The function Pm =f(n)

From Figure 3 one can observe that the function Pm =f(n) is not linear.
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[m3/s]

Fig. 4. The function Pm =f( V )

From Figure 4 one can observe that the function Pm =f( V ) is not linear.
1200

1000

Pm [W]

800
600
400
200
0
0

2

4

6

8

[m3/s]
Fig. 5. The function Pm =f(H)

From Figure 5 one can observe that the function Pm =f(H) is not linear.
Increasing pumping height (H) will obviously increase the theoretical power required to drive the
rotating machine.
3. Operation equations
3.1. Definitions, operation equations of technical installations
In technique there are many operating equations, for example for [10] [11] [12]:
a) Electric transformers;
b) Power transmission lines;
c) Synchronous electric machines;
d) Bipolar transistors;
10
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e) Three-phase asynchronous machines, etc.
The operating equations are the equations linking the inputs to the installations with the outputs of
the installations. The operating equations must be equal to the number of unknowns.
From the above equation categories (a ... e) the paper refers briefly to class a).
To determine the operating equations of the single-phase transformer is considered as an iron-free
transformer (Figure 6).

Fig. 6. Electric transformer with magnetic coupling without iron core

To establish the voltages equations, Kirchhoff's second theorem is applied to the contours 1 and

2 ; R1 and R2 are the resistors of the two windings (primary + secondary) and L11 and L22 are the
inductances.
The mutual inductance between the two windings fulfils the condition: L12. u2 is the voltage at the
secondary winding terminals. Under these conditions, the voltage equations for the two circuits are
[10]:

u1 = R1i1 +

d
( L11i1 + L12i 2 )
dt

(15)

u2 = R2i 2 +

d
( L11i 2 + L21i1 )
dt

(16)

These equations contain three unknowns: i1, i2, u2, because the other sizes are known. To
determine the unknown, the third equation for the voltage u2 is written according to the impedance
load parameters:
t

u2 = Ri2 + L

di2 1
+
i2 dt
dt C 0

(17)

The three equations (15), (16), (17) describe the operation of the transformer in any mode; there is
a closed system of 3 equations with 3 unknowns. It is noted that these three equations link the
input quantities R1, R2, i1, L11, L22 to the output i2, u2.
3.2. Analysis of the operating equations of the rotating machine for fluid flow
It is considered that the machine architecture is specified, i.e. the sizes: l, z, R r, Rc are known. It is
formed a system of two equations:
- The first equation specifies the volumetric flow rate of the rotating machine;
- The second equation determines the theoretical driving power of the machine.
11
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n
 m3 / s 
30
n
P = V  p = V ( p2 − p1 ) =  lz  ( z + 2Rr )  ( p2 − p1 ) W 
30
V =  lz  ( z + 2 Rr )

(18)
(19)

In this system of two equations the following are known: l, z, Rr, n, p1. The unknowns are: V and
p2. So this system, for a given constructive solution, links the input sizes: n, p1, and the outputs and
p2.
There are three cases: I, II, III.
I) l, z, Rr, n known and V [m3 / s] results.
The calculation relation was previously stated:

V =  lz  ( z + 2 Rr )

n
 m3 / s 
30 

and the function Vm = f (n) is represented in figure 2.
For these operating equation, the sizes l, z, Rr [m], n [rot / min] are input quantities and V [m3 / s]
is the output of the rotating machine. Changing the speed (n) leads to the change in volumetric
flow rate ( V ). The change of the rotation speed of the rotating machine is made by changing the
speed of the asynchronous electric motor which can be done in 3 ways:
- Frequency variation (f1) of the supply voltage;
- Changing the number of pairs of poles (p);
- Changing the slip (s).
The calculation relation is [13]:

n2 = n1 (1 − s) =

f1
(1 − s )
p

(20)

In the experimental investigations carried out, f 1 was modified, therefore n2 was modified.
II) The known input sizes are: p1, H and n and from the relation:

p2 = p1 + p = p1 +  H 2O  g  H  N / m 2 
the values of p2 results.
Some data (H, n) of Table 2 are resumed, and the values of p2 with the relation (20) results (shown
in Table 3).
n [rot/min]
H [m H2O]
Δp[N/m2]
p1 [N/m2]
p2 [N/m2]

100
2
19.620
101325
120945

200
4
39.240
101325
140565

300
6
58.860
101325
160185

400
8
78.480
101325
179805

500
10
98.100
101325
199425

Based on the data in Table 3, the function: p2 = f (H) is graphically represented in Figure 7.

12
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250000
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200000

150000

100000
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0
0

2
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H [m H2O]
Fig. 7. The function: p2 = f (H)

In case II, as input data: n and H and as output data p2 is obtained.
The relation (19) can be written:

p2 = p1 +

30  P
 lz  ( z + 2 Rr )  n

(21)

For a constructive solution with the sizes l, z, Rr and p1, considered constant:

p2 = ct + ct

P
n

(22)

From this relation one can observe that:
a) For a constant speed (n = ct) the pressure of the discharge fluid increases linearly with the
power (P) supplied by the driving motor;
b) If P is maintained constant and the machine speed increases, the discharge pressure value (p2)
will decrease.
III) In the equation system (18 + 19) P is considered as unknown instead of V , thus:

P =  lz ( z + 2 Rr )

n
p
30

(23)

By replacing: l = 0.05 m, z = 0.03 m, Rr = 0.05 m, one can obtain:

P = 2.04 10−5  n ( p2 − p1 )

(24)

If n = 100 rpm and p = 2 105 N / m2 :

P = 2.04 10−5 100  2 105 = 408 W
If n = 100, 200, 300, 400, 500 rpm, with the relation (24) the data in Table 4 is obtained.
Table 4: Values of P =f(n) for
n [rot/min]
Δp[N/m2]
P [W]

100
2∙105
408

200
2∙105
816

300
2∙105
1224

400
2∙105
1632

p = 2 105 N / m2
500
2∙105
2040

Performing the calculations for p = 4,6,8,10 105 N / m2 the graphs in Figure 8 is obtained.

13
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Fig. 8. The function: P = f (n) for different values of Δp
1-

p = 2 10 N / m2 , 2 - p = 4 105 N / m2 , 3 - p = 6 105 N / m2 , 4 - p = 8 105 N / m2 ,
5

5-

p = 10 105 N / m2

From Figure 8 one can notice that the shapes of the graphs are linear if Δp is constant.
Following the analysis of the operating equations of the rotating machine, the data presented in
Table 5 were obtained.
Table 5: The link between the input and the output for the rotating machine
Input data
I
II
III

l, z, Rr [m],
n [rot/min]
p1 [N/m2],
H [m H2O]
L, z, Rr [m],
n [rot/min], Δp [N/m2]

Output data

Graphical
representation

V  m3 / s 

Fig. 2

p2 = p1 + p = p1 +  H 2O  g  H  N / m2 

p2  N / m2 

Fig. 7

P = 2.04 10−5  n ( p )

P [W]

Fig. 8

The operation equation

V =  lz  ( z + 2 Rr )

n
 m3 / s 
30 

Other forms of connection can be established between the different input and output sizes, such as
P = f ( V ), but the essential ones are shown in Table 5 [14] [15].
4. Conclusions
Rotating working machines has the following advantages:
a) Transforms the received motor torque on the shaft with minimal losses into potential pressure of
the fluid;
b) These machines can carry fluids with impurities, rheological fluids and, in general, polyphase
fluids;
c) It has increased reliability in operation; do not require maintenance over a relatively long period
of time.
d) The above operating equations link the input sizes of the plant or process to the outputs one of
the installation;
e) With this equation one can quickly determine the influence of the input quantities on the output
quantities or vice versa;
f) This paper provides an important amount of specialized knowledge in the field of rotating
volumetric machines with profiled rotors, machines for the transport of polyphase fluids.
14
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Abstract: In this paper we investigate the minimum safety factor (SF) values of a three-dimensional (3D)
hexagonal toroid with regular hexagonal cross-section used in manufacturing of LPG storage tanks from the
automotive industry. A design strategy was proposed to determine SF according to manufacturing objectives
due to the influence of corrosion and temperature variation. Numerical simulations were carried out to determine
the surfaces or curves for which the SF has the minimum values and the corresponding variation laws were
computed by polynomial interpolation. We coupled numerical simulations of a 3D model (done in the
AutoCAD Autodesk 2017 software, which was imported for analysis to SolidWorks 2017 software) with numerical
limit analysis to calculate confidence intervals of the safety factor. The results of analyzed cases advocate
the need for implementing a reliability improvement program of toroidal LPG fuel tanks.
Keywords: 3D hexagonal toroidal LPG fuel tank, automotive industry, industrial engineering design,
optimization methods, safety factor

1. Introduction
The dynamics of storage fuel tanks markets, technology, and competition have brought changes in
design driven innovation strategy that have potential to create a competitive advantage [1-6].
During the last few decades the evolution of the storage fuel tanks industry can be characterized
by the convergence of technologies and designs to create new products in terms of adaptations,
differentiation and quality [7-11].
Numerous contributions to the storage fuel tanks literature have investigated various models
(based on material, capacity, and vehicle type) with different prices to satisfy the demands of the
competitive market [12-15].
The manufacturers of storage fuel tanks, make use of new materials, to keep costs low, while
bolstering safety, and increasing reliability in various environmental conditions [16-19].
3D CAD modelling of prototypes of storage fuel tanks used in automotive industry is a strategic
resource to get better products in terms of structure, service life and durability and to avoid
expensive tests equipment and expensive tests [21-32].
There are various softwares with virtual computer aided engineering tools specialized for storage
fuel tank design, analysis, and evaluation, which performs calculations in accordance with national
standards [33-40].
In the manufacturing of fuel tank various materials such as plastic, steel, and aluminum are used to
satisfy the general structural design and certification rules [41].
Current storage fuel tanks industry trends show that the basic methods of protection of materials
(like use of corrosion-resistant materials and application of surface coatings) have largely remained
the same, the advanced approaches and techniques adopted can create appropriate protection
systems with high reliability and performance [42, 43].
Many different methods have been developed in the technical literature to compute the safety
factor (or factor of safety) (SF or FOS), ranging from simplified approaches to more sophisticated
methods and advanced numerical procedures. These methods are based on several
considerations, such as the accuracy of predictions on the imposed loads, strength, wear
estimates and rigor in results interpretive research. Such methods allow us to calculate confidence
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intervals of the SF due to uncertainty and exploitation conditions, data errors, and model structural
inadequacies [43].
In our research, the minimum safety factor (SF) of a three-dimensional (3D) hexagonal toroid with
regular hexagonal cross-section used in manufacturing of LPG storage tanks was determined due
to the influence of corrosion and temperature variation. The obtained results provide a new insight
into the design decisions are made during the early design stages in the storage fuel tanks
development process.
2. Design methodology
In our previous studies [14, 44, 45], an optimal design of a 3D hexagonal toroid with regular
hexagonal cross-section was performed.
2.1 Basic geometry of the parametric 3D model
Let’s consider the parametric 3D model generated by revolving of a closed generating curve CG (a
hexagon with rounded corners) along a closed guiding curve CD (a hexagon with rounded corners)
as shown in figure 1 [14].

a)

The guiding curve CD
The generating curve CG

b)

c)

Fig. 1. The axonometric representation of the parametric 3D solid model

The following parameters were applied as input parameters to the 3D parametric model (figure 1):
a) a closed generating curve CG (a hexagon with a side value L = 175 mm, with rounded corners,
radius R = 50 mm), and b) the guiding curve CD (a hexagon with a side value L = 430 mm, with
rounded corners, radius R = 180 mm).
2.2 Numerical analysis of the parametric 3D model
Based on the physical model, the modeling was done in the AutoCAD Autodesk 2017 software [39]
and the numerical analysis was performed with SolidWorks 2017 software [40] with the Static,
Thermal and Design Study modules. The design data used were:
▪ the tank material is AISI 4340 steel;
▪ the maximum hydraulic test pressure: pmax = 30 bar;
▪ the working temperature between the limits: T = -30 0C up to T = 60 0C;
▪ supporting surfaces located on the inferior side;
▪ the duration of the tank exploitation: na = 16 years;
▪ the corrosion rate of the material: vc = 0.07 mm/years.
Let’s compute for parametric 3D model the safety factor (SF) relative to a limit state of resistance
using the following formula [43]:
SF = k / max ≥ 1
(1)
where: - k, the effort limit taken into account;
- max, the maximum effective effort of the cover material.
In addition, the minimum value of the SF that must exceed a prescribed allowable value [43]:
SFmin ≥ SFadm
(2)
In this case, the maximum effective effort of the cover material corresponds to the Von Mises
effort, and the the effort limit taken into account is the admissible value of the traction stress of the
material.
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It can be seen that due to the geometry of the cover material, the boundary conditions, or the
intensity of application or distribution of different loads occurring during exploitation, the safety
factor has different values on the surface of the envelope, with values ranging from 2.1 to 273.18.
Graphical representations for cases with various values of SF are given in fig. 2.
SF = 4

SF = 6

b)

a)
SF = 10

SF = 30

d)

c)
SF = 50

SF = 70

e)

f)

Fig. 2. Different isometric views of the parametric 3D model with the corresponding values of SF

Numerical calculations were performed for: mesh standard type, solid mesh with quality high,
automatic transition, Jacobian in 16 points, element size 10 mm, tolerance 1 mm, number of nodes
130215, number of elements 68415, maximum aspect ratio 26.30, number of degrees freedom
346152.
Table 1: The minimum safety factor
SFmin [-]
na [years]

T [ºC]
-30

0C

0

1.791

1
2

-20

0C

-10

0C

0

0C

10 0C

20 0C

30 0C

40 0C

50 0C

60 0C

1.896

2.012

2.14

2.263

2.399

2.351

2.467

2.563

2.493

1.751

1.83

1.917

2.011

2.115

2.229

2.355

2.494

2.486

2.497

1.715

1.795

1.82

1.977

2.082

2.198

2.326

2.469

2.522

2.453

3

1.692

1.769

1.853

1.945

2.046

2.156

2.279

2.415

2.372

2.398

4

1.649

1.775

1.838

1.925

2.021

2.126

2.241

2.368

2.365

2.372

5

1.652

1.727

1.808

1.898

1.996

2.104

2.223

2.337

2.418

2.34
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6

1.657

1.731

1.813

1.901

1.998

2.105

2.185

2.259

2.337

2.313

7

1.594

1.663

1.738

1.819

1.908

2.005

2.112

2.23

2.324

2.354

8

1.538

1.605

1.679

1.759

1.843

1.921

2.005

2.094

2.19

2.223

9

1.541

1.607

1.68

1.79

1.845

1.939

2.003

2.07

2.14

2.212

10

1.470

1.544

1.625

1.713

1.812

1.92

2.041

2.175

2.203

2.241

11

1.489

1.586

1.654

1.728

1.808

1.895

1.99

2.094

2.208

2.231

12

1.508

1.579

1.656

1.74

1.831

1.931

2.039

2.158

2.219

2.158

13

1.41

1.465

1.525

1.589

1.658

1.734

1.815

1.905

2.002

2.109

14

1.397

1.453

1.513

1.577

1.647

1.724

1.807

1.898

1.997

2.107

15

1.359

1.409

1.464

1.524

1.588

1.658

1.733

1.815

1.904

2.002

16

1.425

1.452

1.508

1.569

1.634

1.705

1.781

1.864

1.953

2.051

The graphs of 3D surfaces (by type surf and fire) corresponding to the variation of minimum SF for
SFmin (na, T), taking into account the results from Table 1, are graphically shown in fig. 3.

a)

b)

Fig. 3. The 3D graphs SFmin (na, T): a) surf type; b) fire type

The graphs of the isothermal coefficient variation curves, SFmin (na, T = ct), are graphically shown in
fig. 4.

Fig. 4. The 3D graphs of the isothermal coefficient variation curves, SFmin (na, T = ct)
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The graphs and laws of the variance of resulting SFmin (na, T = ct), calculated through a polynomial
interpolation using Microsoft Excel 2017 are shown in fig. 5.

a)

b)
Fig. 5. The 2D graphs and laws of the variance of resulting SFmin (na, T = ct)

The graphs of the isothermal coefficient variation curves, SFmin (na = ct, T), are graphically shown in
fig. 6.
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The graphs and laws of the variance of resulting SFmin (na = ct, T), calculated through a polynomial
interpolation using Microsoft Excel 2017 are shown in fig. 6.

a)

b)
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c)
Fig. 6. The 2D graphs and laws of the variance of resulting SFmin (na = ct, T)

The computed percentage decrease of minimum SF (for na = 0 years), considering the simultaneous
influence of corrosion and temperature, is given in Table 2 and fig. 7.
Table 2: The percentage decrease of minimum safety factor
 SFmin [%]
na [years]

T [ºC]
-30
-2.23

-20
-3.48

-10
-4.72

0
-6.02

10
-6.53

20 0C
-7.08

30 0C
0.17

40 0C
1.09

50 0C
-3.00

60 0C
0.16

4

-4.24
-5.52
-7.92

-5.32
-6.69
-6.38

-9.54
-7.90
-8.64

-7.61
-9.11
-10.04

-7.99
-9.58
-10.69

-8.37
-10.12
-11.37

-1.06
-3.06
-4.67

0.08
-2.10
-4.01

-1.59
-7.45
-7.72

-1.60
-3.81
-4.85

5

-7.76

-8.91

-10.13

-11.30

-11.79

-12.29

-5.44

-5.26

-5.65

-6.13

6

-7.48

-8.70

-9.89

-11.16

-11.71

-12.25

-7.06

-8.43

-8.81

-7.22

7

-10.99

-12.28

-13.61

-15.00

-15.68

-16.42

-10.16

-9.60

-9.32

-5.57

8

-14.12

-15.34

-16.55

-17.80

-18.55

-19.92

-14.71

-15.11

-14.55

-10.83

9

-17.92

-18.56

-19.23

-19.95

-19.92

-19.96

-13.18

-11.83

-14.04

-10.10

10

-17.92

-18.56

-19.23

-19.95

-19.92

-19.96

-13.18

-11.83

-14.04

-10.10

11

-16.86

-16.35

-17.79

-19.25

-20.10

-21.00

-15.35

-15.11

-13.85

-10.50

12

-15.80

-16.71

-17.69

-18.69

-19.08

-19.50

-13.27

-12.52

-13.42

-13.43

13

-21.27

-22.73

-24.20

-25.74

-26.73

-27.71

-22.79

-22.78

-21.88

-15.40

14

-21.99

-23.36

-24.80

-26.30

-27.22

-28.13

-23.13

-23.06

-22.08

-15.48

15

-24.12

-25.68

-27.23

-28.78

-29.82

-30.88

-26.28

-26.42

-25.71

-19.69

16

-20.43

-23.41

-25.04

-26.68

-27.79

-28.92

-24.24

-24.44

-23.80

-17.72

1
2
3

0C

0C

0C

0C
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a)

b)

Fig. 7. The 3D graphs of  SFmin (na, T): a) surf type; b) fire type

A direct determination of SFmin (na, T) is shown in fig. 8.

Fig. 8. The 2D graph of SFmin (na, T)

3. Discussion
Following the SF analysis and the resulting graphs for the parametric 3D model structure through
the method of finite elements it has been found that:
- the graphical and analytical results of the mathematical dependencies determined by the laws of
variation, allow for the determination of minimum SF considering the simultaneous influence of the
corrosion and temperature;
- the laws of variation determined are important predictive tools for the minimum SF computed for a
limit state of efforts;
- the percentage of decrease of the minimum SF is higher at the negative operating temperatures,
increasing with the increase of the exploitation period (fig. 7).
- the graphs of the isothermal coefficient variation curves, as a result of the influence of a single
parameter, keeping the constant value of the other parameter are graphically plotted: a) SFmin (na, T
= ct), shown in fig. 4, and b) SFmin (na = ct, T), shown in fig. 6.
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4. Conclusions
The proposed method is applicable in the design phase of a 3D hexagonal toroid with regular
hexagonal cross-section used in manufacturing of LPG storage tanks from the automotive industry.
Conflict of Interest: The authors declare that they have no conflict of interest.
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Abstract: Transient operating states occur in water supply systems under pressure. Transient operating
states place such extreme loads on the pipes that they might cause burst water pipes, so to be able to avoid
damages and operation failures due to burst pipes they are needed to be studied and modelled. To highlight
the importance of transient phenomena, we present the measurements carried out at Pannon-Víz Zrt (the
local Hungarian Water Utility Service) and their results in our study.
Keywords: Transient, burst water pipe, pump, transient operating state

1. Introduction
If the valve openings and closings, pump start/stopping are not carried out slowly enough in the
systems of large water pipes at pumping stations, they might generate quick changes in pressure.
In extreme situations, transient phenomena can endanger the soundness of the pipe itself. At a
pump station a pump shutdown caused by a power failure can have so severe consequences that
even pipe burst might occur if the automatic or controlled closing valves are designed or operated
poorly.
2. The phenomenon of transiency
A transient operating state is a kind of flow in time and space which is initiated by the impacts of
some occurrence started from a steady (stationary) state and lasts until the development of
another steady state [1].
The main reasons of the occurrences of transient phenomena are:
• power failures at pump stations leading to stops and the changes of flow velocity during
pump startups,
• a sudden change in flow at filling or emptying pipelines,
• isolating pipeline sections, operating valves too quickly leading to big flowrate changes,
• rinsings and the changes in flow rate occurring at the opening / closure the drains during
water inspection [2].
Due to the reasons mentioned above it is necessary to analyze the transient states developing in
the system.
If the quantity of the water in the pipe alters, the movement of the water in the pipe is not
permanent. After closings and openings, the pressure in the pipe oscillates in the surroundings of
the hydrostatic pressure with a gradually decreasing intensity. After a quick closing a positive,
meanwhile after a quick opening a negative pressure surge or wave develops. [3]. These types of
oscillations can be calculated and modelled. Its basic idea was worked out by Lorenzo Allievi, an
Italian scientist, in 1904 [4].
3. The venue of the measuring process
Pannon-Víz ZRt, the largest water and sewage service in Győr-Moson-Sopron county, operates
several regional drinking water supply systems. Our measuring instruments were installed at the
booster station in Pápai út, Győr, and the reservoir in Hegyalja út. We applied 2 pieces of
TRAREC® measuring instruments to monitor the transient state in the pipeline system. Model
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number LL1-12078 got installed in Pápai út and LL1-12078 in Hegyalja út. Figure 1 shows the
distance between the two measuring instruments.

Fig. 1. Measurement venues (Pápai út-Hegyalja út)

The distance between the two measuring devices is 4700 meter. The pipes are NA600 asbestoscement pipes. 3 pumps - a NP150/400 and two DAN250 type pumps - can be found in the booster
station in Pápai út. Fig. 2 shows the position of the two measuring instruments.
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Fig. 2. Measurement venues (Pápai út-Hegyalja út)

4. Describing the measuring instrument
The applied measuring instrument - in fig. 3 - was developed and patented by Budapest
Waterworks.
TRAREC® comes from the shorter version of TRANSIENT RECORDER.
Main characteristics of the measuring instrument:
•
•
•
•

patented measurement and evaluation system
normal or high-frequency measuring method
selective data storage for long measurements
variable parameters for different applications [5]

Fig. 3. TRAREC® measuring instrument

Table 1 shows the parameters of the measuring instrument.
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Table 1: TRAREC® the parameters of the measuring instrument
Pressure sensor

0 -15 bar; (maximum 40 bar)

Accuracy

0.1%

Measurement frequency

50-1000 measurements / sec

Data storage frequency

1 - 60 s

Data segmentation

20 bit

Duration of measurement

1-2 weeks

Data communication and charging

USB 2

Table 2 shows the calibration data of the measuring instrument and summarizes some measured
values.
Table 2: TRAREC® calibration data of the measuring instrument
Parameters of the measuring instrument
Name

LL1-12078

LL1-12079

Sequence number

12078

12079

Version

1.0

1.0

Serial number

12078

12079

Pressure range (mwc)

211.00 mwc

211.00 mwc

Calibration

0.86111

0.86466

Pressure shifting

-9.58 mwc

-10.20 mwc

Starting date

07.02.2018

07.02.2018

Sea level (m)

0.00 m

0.00 m

Frequency of measurements

256 Hz

256 Hz

Frequency of data collection (sec)

1 sec

1 sec

Starting date

07.02.2018

07.02.2018

Length of time

12 days 00:00:00

12 days 00:00:00

Storage time (sec)

10 sec

10 sec

Pre-storage time (sec)

2 sec

2 sec

Monitoring the deviation

Yes

Yes

Maximum number of transients

1000 pcs

1000 pcs

Starting date

05:00 am 07.02.2018

07.02.2018

Finishing date

04:59 am 19.02.2018

19.02.2018

Number of stored transients

233 pcs (2472 sec)

578 pcs (7402 sec)

Number of detected transients

249 pcs

767 pcs

Measurement

Transient

Results

5. Presenting measurement results
We used the PressEval software for evaluating the results of the measurement. Measuring
instrument LL1-12078 sensed 233 transients, while LL1-12079 perceived 578 transients. Analyzing
transients I applied a 1- hour method, namely the number of occurrences of transients during an
hour was evaluated.
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Fig. 4 shows the measurements made by the two measuring instruments.

Fig. 4. Program PressEvaLL

Fig. 5 illustrates the measurements of LL1-12078 measuring instrument.

Fig. 5. Program PressEvaLL LL1-12078
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Fig. 6 illustrates the measurements of LL1-12079 measuring instrument.

Fig. 6. Program PressEvaLL LL1-12079

In Table 3 I collected the absolute, minimum and maximum values of pressure changes.
Table 3: Pressure changes
Date
[h:m:s]

08.02.
08.02.
08.02.
08.02.
09.02.
10.02
10.02
11.02
11.02
12.02
12.02

Measur
ement
instrum
ent
79
07:31:52

22.41:47
05:04:10
23:21:25
05:53:14
22:31:54
05:25:30
22:06:48
05:21:46
07:38:03

Absolute change
[bar]
Measur
ement
instrum
ent
78

Measur
ement
instrum
ent 79

Measur
ement
instrum
ent 78

5.475
08:11:14
09:41:01
22:41:51
05:04:33
23:21:30
05:53:36
22:31:58
05:25:52
22:06:52
05:22:09
07:54:46

2.462
2.326
2.485
2.335
2.454
2.349
2.403
2.323
7.651

Minimum change
[bar]

Maximum change
[bar]

Measur
ement
instrum
ent 79

Measur
ement
instrum
ent 79

Measur
ement
instrum
ent 78

-5.488
4.499
4.299
0.708
0.471
0.719
0.515
0.774
0.605
0.74
0.564
4.641

-16.035
-1.924
-15.537
-2.195
-15.978
-1.696
-15.864
-2.366
-46.995

Measur
ement
instrum
ent 78

93.833
-0.185
-9.142
-4.452
-1.079
-4.315
-1.178
-6.8
-3.336
-4.031
-3.648
-12.393

15.822
1.639
16.349
1.069
16.178
1.881
16.648
1.881
7.412

5.962
5.252
1.9729
1.661
6.501
1.888
9.582
3.748
5.877
3.819
2.214

The process of the transient can be seen clearly from the table. E.g.: the transient starts its
travelling at 22:41:47 and reaches the next measuring instrument at 22:41:51. The table
demonstrates that the phenomenon of transiency is detectable in the system. The next task is to
observe what causes the phenomenon of transiency.
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6. Conclusion
In our study we intended to draw attention onto the existence of the phenomenon of pressure
transiency and its importance. Our goal is to reveal what might cause the appearance of transient
in the system. Later we are going to make a geometric and mathematical model.
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Abstract: The one-dimensional (1-D) hydraulic models are the most adequate for river modelling flow. This
case study involves the rehabilitation of the CFR bridge, km 38 + 389, line 116 DII Simeria - Petrosani at
Ruşor town, Hunedoara county. Therefore, the Ruşor River is being thought through, with a series of
complex river works of the river bed and channel, in order to regulate the flows near CFR Bridge. To prevent
future possible damages, a 1D hydrodynamic model of the Ruşor river sector was developed, highlighting
the effect of the river regularization works. The hydraulic model was built with HEC-RAS 4.0 software, for two
flow simulation scenarios: natural river flow and regulated river flow. Following the simulation of the
hydrodynamic modelling, a significant reduction in the flow rates within the calculation reach was observed.
Keywords: 1-D hydraulic modelling, river works, HEC-RAS.

1. Introduction
In science, by modelling it understood the simplified reproduction of a real system that preserves
the important characteristics and processes that take place in it.
Physical and mathematical models are suitable for research for a wide range of boundary
conditions and the development of general design rules. Verification of final results requires field
investigations and measurements as well as assessment of experiments and tests. [3]
In river modelling, the most common hydraulic models are the one-dimensional models (1D).
Hydraulic computational models are constructed on the basis of conservation laws (mass
preservation, energy conservation, moment conservation).
For the description of surface water flow in 1D system, the uniform flow equations and those of
uniformly gradual flow are used. The following equations are used for uniform flow:

(1)
(2)
(3)
Where: -h is water depth (m);
- x is the measured distance along the river channel (m);
- So is the river bed slope;
- Sf is the friction slope;
- Q is river flow (m3/s);
- K is river conveyance (m3/s);
- A is wet surface (m2);
- R is hydraulic radius (m);
- n is Manning’s roughness coefficient (s/m1/3);
- g is gravity acceleration (m/s2).
2. Case Study
The purpose of the present paper is to show the influence of the proposed complex works on the
river flow regime, in comparison with the natural (initial) river flow regime. This is made through
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hydraulic modelling of both scenarios for the 1 in 100 year return period flood event. The hydraulic
modelling tool used for this is HEC-RAS software, for a one-dimensional hydrodynamic river
channel model.
2.1 Hec-RAS modelling tool
The HEC-RAS software was developed at the Hydrologic Engineering Center (HEC), which is a
division of the Institute for Water Resources (IWR), U.S. Army Corps of Engineers. HEC-RAS is a
software that allows to perform one-dimensional steady flow hydraulics, one and two- dimensional
unsteady flow river hydraulics computations; quasi unsteady and full unsteady flow sediment
transport- mobile bed modelling; water temperature analysis and generalized water quality
modelling (nutrient fate and transport). The HEC - RAS program is designed to perform onedimensional and two-dimensional hydraulic computations for a full network of natural and artificial
channels, overbank or floodplain areas, levee or embanked protected areas. And it can model the
surface water profile in subcritical, supercritical or mixed flow [3], [4]. Depending on the flow regime
(subcritical, supercritical, or mixed), the boundary conditions should be selected for different flow
conditions, but also to determine which of these edge conditions can be used upstream or
downstream or both.
2.2 Background description
The case study area is in Ruşor town, Hunedoara County, on the railway line CF 116 DII Simeria
Petroşani at 38+989km, at the railway metal bridge. At km 38 + 989 there are two independent
parallel bridges, each for one CF 116 Simeria-Petrosani line (see Figure 1) [1].

Fig. 1. Case study area of interest, Rusor River

In the bridge area at km 38 + 989, the banks of the Ruşor River bed have suffered due to floods,
significant degradations that may endanger the proper behavior of foundations of existing bridges
in the area. The current state of the river bed and railway infrastructure motivated the necessity to
perform some complex works of regulation of the Ruşor River bed in the area of the railway bridge
located on the railway line CF 116 Simeria-Petroşani between Băieşti - Pui stations, in Ruşor
locality at km 38 989. The railway bridge has an opening of L = 19.0 m. In Figure 2 is illustrated an
overview of the case study railway bridge.

Fig. 2. Bridge overview, Rusor River
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2.3 Hydrodynamic modelling and numerical simulation
To assess the transit situation of flows with different probabilities of occurring on the watercourse
along the bridge, it was necessary to build two numerical models, in two different flow regime
scenarios. A numerical model represents the initial situation, the natural river flow regime, and the
second numerical model represents the situation with the proposed works (supporting walls,
bottom weir and stabilization river bed works), post-scheme model (regulated river flow regime).
For the hydraulic modelling the total river reach length was 164m, with 21 cross sections
considered, obtained from topographical survey. The railway bridge is located between cross
sections ST13 to ST17. It was appreciated that cross section ST13 is the upstream bridge section,
and ST17 is the downstream bridge cross section.
The roughness coefficients adopted for this study range between n=0.02-0.025 for the river bed,
and between n=0.03-0.035 for the floodplains.
As modelling boundary condition upstream, a flow hydrograph was used, for the peak flow flood
event 1 in 100 year return period Q1%=105m3/s. The time length of the resulted flood flow
hydrograph was 4 to 5hours, with recorded data every 2 minutes. For the downstream boundary
condition, the normal depth was used.
In Fig. 3 are presented the river reach plan view for both scenarios: natural flow regime and
regulated river flow regime.

a

b

Fig. 3. River reach plan view a. Natural river flow regime, b. Regularized river flow regime, Rusor River

The ST13 cross section was considered to be the railway bridge cross section, and built
accordingly, take into account the survey data and roughness coefficient (see Fig. 4).

Fig. 4. River cross section at railway bridge, upstream and downstream view, Rusor River

As a change between the two flow regimes, in the regularised scenario, cascade bottom weirs
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were considered in the correspondingly cross sections (see Fig.5).

Fig. 5. River cross section at bottom weir, Rusor River

The river bed works were represented in the regularised flow scenario by the change in the
roughness coefficient values and cross sections geometry (see Fig.6).

Fig. 6. Cross Section ST20 view a. Natural river flow regime, b. Regularized river flow regime, Rusor River

3. Results and Discussions
The modelling simulations of both flow regime scenarios outputs are illustrated as water levels in
the following figures, Fig.7 to Fig. 12. The roughness coefficient Manning’s n proved to be a
significant sensitivity parameter. One of the majors constrains for the obtained results was the
railway bridge soffit level, at 353.64maBSL. The water levels resulted over the hydraulic simulation
in the bridge cross section had to be below the railway bridge by 1.0m, in order to prove the
efficiency of the considered river works.

Fig. 7. Long profile view of Rusor River reach, natural river flow regime scenario
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Fig. 8. Upstream Rusor River cross section at railway bridge, natural river flow regime scenario

Fig. 9. Downstream Rusor River cross section at railway bridge, natural river flow regime scenario

In the following figures are illustrated the represented results obtained in the regularized river flow
regime scenario.

Fig. 10. Long profile view of Rusor River reach, regularised river flow regime scenario

Fig. 11. Upstream Rusor River cross section at railway bridge, regularised river flow regime scenario
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Fig. 12. Downstream Rusor River cross section at railway bridge, natural river flow regime scenario

From the modelling simulation, the results showed that in the natural flow regime scenario, the
obtained velocities had range values between vm = 3.5 - 6.8 m/s, where in the regularised flow
regime the velocities vales obtained were in the range of vm = 1.5 – 4.5 m/s.
Although, the water levels may show a small increase, the velocities which are an important factor
in the railway bridge infrastructure stability, showed an overall decrease.
4. Conclusions
This case study presented in this paper illustrated the influence of river works on the natural river
flow regime. A one-dimensional hydraulic model was built for this purpose, for two flow regime
scenarios: natural flow regime and regulated river flow regime.
In the natural flow regime scenario, the obtained velocities had range values between vm = 3.5 6.8 m/s, where in the regularised flow regime the velocities vales obtained were in the range of vm
= 1.5 – 4.5 m/s.
As a result of the model simulations, the outputs of the two flow regimes scenarios, showed a
significant decrease of the flow rates in the computation sections of the regularised flow regime
scenario, in comparison with the natural flow regime scenario.
Therefore, the proposed river works proved the expected impact on the river flow regimes, by
decreasing the water levels and velocities in the railway bridge vicinity.
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Abstract: This research was aimed to explore the minimum safety factor (SF) values of a three-dimensional
(3D) hexagonal toroid with regular hexagonal cross-section used in manufacturing of LPG storage tanks from
the automotive industry. Numerical simulations had been carried out to assess the influence of the corrosion
and pressure variation on the minimum safety factor values. A polynomial interpolation was applied to provide
a comparison between the surfaces or curves for which the SF has the minimum values. The development of
the parametric 3D model (done in the AutoCAD Autodesk 2017 software, which was imported for analysis to
SolidWorks 2017 software) on the actual conditions of the structure provides the decision-maker with the
information necessary for making high-consequence decisions. The results of this study offer a fundamental
understanding of the corrosion behavior of LPG storage tanks in exploitation environments.
Keywords: 3D hexagonal toroidal LPG fuel tank, automotive industry, industrial engineering design,
optimization methods, safety factor

1. Introduction
Corrosion is a natural process defined as gradual degradation of metal caused by a chemical or
electrochemical reaction with its environment. Many structural alloys corrode merely from exposure
to moisture in air, but the process can be strongly affected by exposure to certain substances.
Corrosion-related damage is accelerated by factors including the storage fuel tank’s interaction
with interconnected components and corrosive environmental conditions [1].
Corrosion protection of fuel storage tanks is a very important task which combines modern
corrosion control methods with state-of-the-art technology to prevent storage fuel tanks from
deteriorating. Common corrosion protection strategies include corrosion-resistant materials,
application of coatings and/or linings as a barrier to the environment, and use of inhibiting
chemicals in stored substances to control corrosion of the fuel storage tank interior.
Many researches have focused on technologies and innovation design strategies to create new
models for the competitive market of fuel storage tanks [2-7].
Fuel storage tanks have complex shapes, mechanical and chemical resistance, range in size and
complexity achieved through the combination of great design and manufacturing flexibility [8-15].
The modern engineering design of storage fuel tanks offers the perfect balance between safety,
weight and cost to satisfy the demands of the competitive automotive market [16-19]. In order to
meet these challenges, modern computer aided engineering (CAE) methods must be consistently
applied throughout the manufacturing process.
3D CAD modelling of prototypes of storage fuel tanks used in automotive industry in an early
phase of the design process with modern simulation tools is an indispensable requirement, as the
design and optimization of subsystems is possible only within the complete product system [20-32].
In addition, to avoid expensive tests working with advanced materials and technology, various
softwares with virtual computer aided engineering tools are challenged to quickly validate new
models (In a hierarchical approach, the system, subsystems, components) while managing costs
and protecting valuable test articles, which performs calculations in accordance with accepted
national or international standards [33-41].
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Factor of Safety (FoS), also known as Safety Factor (SF), in the technical literature can be
computed using simplified approaches or more sophisticated methods with advanced numerical
procedures. The factor of safety is often specified in a design code or standard [42-44].
In this research, starting from the aforementioned insights, a theoretical study was launched with
the objective of researching the influence of the corrosion and pressure variation on the minimum
safety factor values of a three-dimensional (3D) hexagonal toroid with regular hexagonal crosssection used in manufacturing of LPG storage tanks.
The performance analyses of investigated cases have a more dominant role in the understanding
of the corrosion behavior of LPG storage tanks in exploitation environments.
2. Design methodology
In this research, it is used a 3D hexagonal toroid with regular hexagonal cross-section analyzed in
our previous studies [14, 43].
2.1 Basic geometry of the parametric 3D model
The representative parametric 3D model generated by revolving of a closed generating curve CG (a
hexagon with rounded corners) along a closed guiding curve CD (a hexagon with rounded corners)
was used in this study, as shown in figure 1 [14].

a)

The guiding curve CD
The generating curve CG

b)

c)

Fig. 1. The axonometric representation of the representative parametric 3D solid model

The following parameters were applied as input parameters to the 3D parametric model (figure 1):
a) a closed generating curve CG (a hexagon with a side value L = 175 mm, with rounded corners,
radius R = 50 mm), and b) the guiding curve CD (a hexagon with a side value L = 430 mm, with
rounded corners, radius R = 180 mm).
2.2 Numerical analysis of the parametric 3D model
Based on the physical model, the modeling was done in the AutoCAD Autodesk 2017 software [39]
and the numerical analysis was performed with SolidWorks 2017 software [40] with the Static,
Thermal and Design Study modules. The design data used were:
▪ the tank material is AISI 4340 steel;
▪ the maximum hydraulic test pressure: pmax = 30 bar;
▪ the working temperature between the limits: T = -30 0C up to T = 60 0C;
▪ supporting surfaces located on the inferior side;
▪ the duration of the tank exploitation: na = 16 years;
▪ the corrosion rate of the material: vc = 0.07 mm/years.
The safety factor (SF) of the parametric 3D model was computed as a result of the pressure
variation within the permissible design limits (pmax = 0 up to 30 bar) and the maximum corrosion.
Numerical calculations were performed for: mesh standard type, solid mesh with quality high,
automatic transition, Jacobian in 16 points, element size 10 mm, tolerance 1 mm, number of nodes
130215, number of elements 68415, maximum aspect ratio 26.30, number of degrees freedom
346152.
It can be seen that due to the geometry of the cover material, the boundary conditions, or the
intensity of application or distribution of different loads occurring during exploitation, the safety
factor has different values on the surface of the envelope, with values ranging from 1.399 to
14.974.
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SFmin [-]
p [bar]

T = -30 ºC T = -15 ºC T = 0 ºC

T = 15 ºC

Table 1: The minimum safety factor
T = 30 ºC T = 45 ºC T = 60 ºC

-30

-15

0

15

30

45

60

2.5

4.769

6.360

8.807

13.625

14.26

14.974

9.264

5.0

4.15

4.986

6.233

8.268

12.05

10.053

8.281

7.5

3.477

4.04

4.813

5.928

7.646

7.400

6.404

10.0

2.989

3.393

3.917

4.619

5.598

5.853

5.216

12.5

2.619

2.922

3.301

3.784

4.416

4.839

4.398

15.0

2.330

2.566

2.852

3.204

3.645

4.125

3.801

17.5

2.098

2.287

2.510

2.778

3.104

3.505

3.346

20.0

1.908

2.062

2.241

2.452

2.702

3.003

2.988

22.5

1.749

1.877

2.024

2.195

2.393

2.626

2.700

25.0

1.615

1.723

1.846

1.986

2.147

2.333

2.462

27.5

1.499

1.592

1.696

1.814

1.947

2.099

2.262

30.0

1.399

1.480

1.569

1.669

1.781

1.908

2.051

The graphs of 3D surfaces (by type surf and fire) corresponding to the variation of minimum SF for
SFmin (na = ct, p, T) taking into account the results from Table 1, are graphically shown in fig. 2.

a)

b)

Fig. 2. The 3D graphs SFmin (na = ct, p, T): a) surf type; b) fire type

The graphs of the isothermal coefficient variation curves, SFmin (na= ct, p, T = ct), are graphically
shown in fig. 3.

Fig. 3. The 3D graphs of the isothermal coefficient variation curves, SFmin (na= ct, p, T = ct)
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The graphs and laws of the variance of resulting SFmin (na = ct, p, T), calculated through a polynomial
interpolation using Microsoft Excel 2017 are shown in figs. 4 and 5.

a)

b)
Fig. 4. The 2D graphs and laws of the variance of resulting SFmin (na, p = ct, T)
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Fig. 5. The 2D graphs and laws of the variance of resulting SFmin (na, p, T = ct)

A direct determination of SFmin (na = ct, p, T) is shown in fig. 6.

Fig. 6. The 2D graph of SFmin (na= ct, p, T)

3. Discussion
Following the SF analysis and the resulting graphs it has been found that:
- the graphical and analytical results of the mathematical dependencies determined by the laws of
variation, allow for the determination of minimum SF considering the simultaneous influence of the
corrosion and pressure;
- the obtained laws of variation highlight a major influence of pressure and temperature on the
minimum SF. On the other hand, the minimum SF values decrease at lower temperatures (fig. 4)
and increase at lower pressures (fig. 5).
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4. Conclusions
Simulation results show that proposed method offer a major advantage and can lead to better
applicability in the computational effort design of a 3D hexagonal toroid with regular hexagonal
cross-section used in manufacturing of LPG storage tanks from the automotive industry.
Conflict of Interest: The authors declare that they have no conflict of interest.
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Abstract: A water flow numerical modelling is developed on the paper for a given sector on Bârzava River
where a hydropower associated deviation is assumed, in case of accidental high waters in the Town of
Reșița. The model includes two gate-controlled overflowing steps, two water catchments, a headrace pipe of
3052 m in length and 1.10 m in diameter, two energy dissipaters and one micro-hydropower station endowed
with two hydroelectric turbines. The flow simulation by the designed numerical model looks to establish the
special water levels along the covered sector on the river course and to discuss with respect to the gross
head and installed power at an afforded micro-hydropower arrangement. Two specific running situations
were assumed, the common running status when the upstream entering section receives the medium
multiannual flow and the accidental running status when the entering section is to receive a specified time
related flow along the entire considered analysis period of 59 hours.
Keywords: River flow, micro-hydropower, numerical model.

1. General considerations; specific topographical and hydrological data
Bârzava River originates in the Semenic Mountains, Caraș-Severin County, a formation in the
Banat Mountains that belong with the Western Carpathians. The river has a receiving basin of
1190 km2 and a length of 166 km, which from 127 km lay on Romanian territory. Arising in CarașSeverin County, Bârzava crosses the south of Timiș County and the Province of Vojvodina in The
Republic of Serbia where finally reaches the Danube-Tisa Channel. For a length of 3.8 km the river
establishes the Romanian-Serbian border. Țerova Rivulet is a right-side tributary of Bârzava River
with the joining point in Reșița Town.
The river modelled sector and the hydropower deviation lays on the administrative territory of
Reșița Municipality [1], the site being bordered at south (upstream) by the Railway Iron Bridge and
at north by the road bridge on Calea Timișoarei Boulevard. Thus, the considered sector spreads
over a length of about 6040 m (figure 1).

Fig. 1. Aerial view of the modelled sector on Bârzava River in the Town of Reșița
with the overlaid topographic measurements plan
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Based on the supplied topographical specialized information (Stereo 70 measurements) a specific
geometry database (of 6394 distinct geographic coordinates points) was created for the considered
river sector, representing the terrain plan view and 121 watercourse cross sections that properly
points out the minor and major streambed.
In order to estimate a specific flow transition – water levels and velocity developments in time for
any cross section – along the sector related to Reșița Town, the following data had to be obtained:
maximum flow values of the particular occurrence probabilities 5% and 1% (according to national
regulations with respect to the water arrangement importance and location); high-waters
phenomenon development (hydrographer); terrain roughness coefficients for the streambed; flow
hydro-energy gradient or flow-level curve corresponding to the downstream ending cross section.
The water flow values for different occurrence probabilities together with the high-water
development curves possible to happen on the modelled sector were supplied by the “Romanian
Waters” National Administration, Banat Water Basin Administration, as presented in table 1. As
about the high-waters hydrographer that is to be considered in Reșița, its development and
maximum value (corresponding to the 1% probability of occurrence, 142 m3/s) can be observed in
figure 2, given by curve d. The water flow value of 20 m3/s is to be added as the contribution of
Țerova Rivulet, assuming the possible overlapping of its particular hydrographer.
Table 1: Hydrological data

River

Bârzava

Traian Vuia Square
in Reșița Town

Referring point
Receiving basin (km2)

218

1%

142

5%

78

Controlled flow

The main foreseen hydraulic structures
related to the model – two gate-controlled
overflowing steps, two water catchments, a
headrace pipe of 3052 m in length and 1.10
m in diameter, two energy dissipaters and
one micro-hydropower station endowed
with two hydroelectric turbines [1] – are
considered of the IVth importance class
(constructions of low importance) as
stipulated by the national regulations given
their dimensions and capacity.
Consequently, the dimensioning and
verification
water
flow
occurring
probabilities are to be considered of 5%
and 1%.

Fig. 2. High-waters hydrographers developments on the
modelled river sector in the Town of Reșița, as
determined under the conditions of existing upstream
water arrangements

The geometrical development d supplied by figure 2 was assigned as transiting the entering
upstream section of Bârzava River studied sector, while the additional flow brought by Țerova
Rivulet was assigned on the route to the joining section.
The numerical model developed by the help of the performant software package HEC-RAS v.5.03
[2, …, 5] considers thus a possible transiting high-waters wave that eventually reaches the
maximum flow value of 162 m3/s on the downstream section at the road bridge on Calea
Timișoarei Boulevard.
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2. Numerical modelling, revealed results
The Bârzava River streambed geometry in the Town of Reșița was modelled for a sector length of
6042 m, considering a succession of 155 straight segments delimitated by 156 cross section (121
of which as according to the actual topographic measurements, while the rest of 35 being
considered by linear interpolation). The entire path of the numerical model was organized in 5
sectors marked as one can find in the general scheme on bottom part of figure 3.

Fig. 3. General plan scheme (bottom) with marked cross sections (as developed by HEC-RASv.5.03) from
the upstream entering position “6042.80*” to the outgoing one “0.00”; the detailed positions PT106 (upper
left, “57.43”) and PT44 (upper right, “3842.40”) of the main hydraulic structures

The cross sections cut up to the major streambed, both sides of the river, their geometry being
referred to a start point on the outside edge of the left bank top. The profiles location (identification)
is performed by the help of a metric counter (a real number) with respect to the downstream end of
the modelled river sector [2, 3].
The discretized path involves 11 bridges and foot-bridges, 2 overflowing steps (with the positions
PT44 and PT106) with their accompanying constructions (water catchments and energy
dissipaters), a headrace side pipe (with its entering section near the PT44 position) and a microhydropower station (MHC-3 in the vicinity of position PT106). This last structure is furnished with
two hydro-electric outfits of Axial/Propeller type (bulb turbine, figure 4) of the following designed
parameters: group1 (as fuelled by the 3052 m length headrace pipe) – Hgross-31 = 14.39 m, Qinst-31 =
2 m3/s, Pgross-31 = 282.33 KW and group2 – Hgross-31 = 1.76 m, Qinst-31 = 2m3/s, Pgross-31 = 34.53 KW.
There are also considered a couple of virtual structures, a side type structure at position PT44
(metric location “3842.40” and furthermore associated to the entrance in the headrace pipe on
“3052.03”) to control and monitor the running regimes and transit flow, and an overflowing retaining
(barrage) structure type in the vicinity of position PT106 (metric location “57.43”) to model some
local and longitudinal head losses.
A transitory hydraulic regime correlated to the required high-waters development phenomenon
(hydrographer d in figure 2) was engaged by the designed model and the followed analysis results
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reflect two specific running situations: the common running status when the upstream entering
section PT0 (metric location “6042,80*”) receives the medium multiannual flow Qm = 3.63 m3/s and
the Țerova tributary brings the adding flow QmȚ = 0.30 m3/s (infused along the particular time
interval between 00:00 and 02:50 of the day “23OCT2017”), and respectively the accidental
running status when the entering section is to receive the specified time related flow along the
entire considered analysis period of 59 hours (from 00:00 on 23OCT2017 to 11:00 on
25OCT2017).

Fig. 4. Characteristic elements a the considered Axial/Propeller hydroelectric turbine

A flap gate covering a rectangular gap of 19.48m width and 2.00m height is modelled on the ridge
of each overflowing step, by the help of which the water retention height can be controlled (during
a common running status) or that can be completely opened to allow the accidental nigh-waters
passing away (during the accidental running status). The alluvia settled in time upstream of the
steps/catchments (positions PT44 and PT106) is to be washed by the help of uprising flat gates of
0.80m width and 1.00m height each.
Figure 5 presents the cross sections corresponding upstream and downstream the overflowing
step at the position PT44 during the common running status, showing the obtained water level
(metric location “3846.03” for upstream and respectively “3831.74*”, “3824.60*” and “3796.02” for
downstream). The cross sections associated to the structures at position PT106 – overflow step,
water catchment and micro-hydropower station – for the common running status are presented by
figure 6 (metric locations “760.66*” and “754.43” for upstream and “740.73*” for downstream).
As regarding the accidental running status, conventional results corresponding to the cross
sections associated to the structures at position PT44 are presented by figure 7 for the specific
time moments 00:10, 04:50 and 06:00 on 23OCT2017 and 11:00 on 25OCT2017 (the end of the
given time period). Similarly, figure 8 present the results on cross sections associated to the
structures at PT106 for the time moments 00:10, 04:40 and 06:00 on 23OCT2017 and 11:10 on
25OCT2017.
The longitudinal profiles along the 5 analysed sectors of the numerical model, showing the water
level development, are presented by figure 9 – common running status at 00:10 on 23OCT2017
and figure 10 – accidental running status at 04:40 and 06:00 on 23OCT2017 and 11:00 on
25OCT2017.
3. Conclusions
Looking to analyse the water levels development under required conditions with respect to the flow
transition and a virtual accomplishment of a micro-hydropower arrangement on a particular sector
of Bârzava River in the Town of Reșița a thorough numerical model was developed by the help of
HEC-RAS v.5.03 dedicated software. Based on this result two aspects regarding this specific
arrangement can be judged, meaning the basic parameters and running procedure for the
foreseen hydropower development and the transit capacity of the virtual endowed streambed
under accidental flow. Therefore, two fundamental running situations were considered for the
studied refurbished river sector, one reflecting the common running status of transiting the medium
multiannual flow and the other one that covers an accidental running status of transiting the 1%
apparition probability high-waters flow wave.
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Fig. 5. Cross sections associated upstream (upper) and downstream to structures at PT44 showing the
water level produced by the common running status
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Fig. 6. Cross sections associated upstream and downstream (lower) to structures at PT106 (overflow step,
catchment and micro-hydropower station) showing the water level produced by the common running status

Going through the reached results (see the moment 00:10 on 23OCT2017) one can engage the
numerical values that define the running parameters for the usual running status of the two power
groups designed for the MHC-3 micro-hydropower station:
- the gross head of the first group, as fuelled with the installed discharge Qinst-31 = 2 m3/s by a 3052
m long headrace pipe, results as the level difference Hgross-31 = 215.73 – 201.34 = 14.39 m, which
leads to the gross installed power Pgross-31 = 9.81Qinst-31Hgross-31 = 9.81214.39 = 282.33 kW;
- the gross head for the second group, designed as at an on-step power station supplied with an
installed discharge Qinst-32 = 2 m3/s, results as Hgross-32 = 203.10 – 201.34 = 1.76 m, which may
allow a gross installed power Pgross-32 = 9.81Qinst-32Hgross-32 = 9.8121.76 = 34.53 kW.
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Fig. 7. Cross section associated to structures at PT44 showing the water level produced by the accidental
running status for some specific operation conditions and moment of time: flap gate in closed position at
00:10 on 23OCT2017 (upper), flap gate in partially opened position (0.82m) at 06:00 on 23OCT2017 and
flap gate in completely opened position at 11:00 on 25OCT2017 (lower)
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Fig. 8. Cross section associated to structures at PT106 showing the water level produced by the accidental
running status for some specific operation conditions and moment of time: flap gate in closed position at
00:10 on 23OCT2017 (upper), flap gate in partially opened position (0.85m) at 06:00 on 23OCT2017
(middle) and flap gate in completely opened position at 11:00 on 25OCT2017 (lower)
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Fig. 9. Longitudinal profiles showing the water level development along the studied sector on Bârzava River
in the Town of Reșița, corresponding to the common running status of transiting the multiannual flow Qm =
3.63m3/s (moment of time 00:10 on 23OCT2017), displaying only the river-course hydraulic profile (upper)
and displaying the overlaid hydraulic profile of the side headrace pipe (lower)

It can be so estimated that the total gross installed power for the presented micro-hydropower
development would reach about 316.86 kW under usual running regime given by the mean
multiannual flow.
As about the situation produced by the accidental high-waters wave, there can be noticed from the
longitudinal water levels time development with respect to the side framing bank levels that the
already regulated river valley cross section would still be able to discharge the required maximum
flow of 1% apparition probability, obviously under the circumstances of manoeuvring the flap gates
on the overflowing steps down to the complete opening of the flow section. There can be
concluded that the stipulated high-waters flow can transit the furbished river sector along the
populated area under mandatory safety conditions.
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Fig. 10. Longitudinal profiles showing the water level development along the studied sector on Bârzava River
in the Town of Reșița (overlaying the hydraulic profile of the side headrace pipe), corresponding to the
accidental running status of high-waters flow Q1% at some given moments of time:
04:50 (previous page) and 06:00 (middle) on 23OCT2017 and 11:00 on 25OCT2017 (lower)
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Abstract: In this study a method to determine a set of admissible parameters in designing of a threedimensional (3D) hexagonal toroid with regular hexagonal cross-section used in manufacturing of LPG
storage tanks from the automotive industry was proposed. A design methodology was applied to determine
the safety factor (SF) values according to manufacturing objectives. The numerical simulations of a 3D model
with parametric features (created in AutoCAD Autodesk 2017 software, and then analyzed with SolidWorks 2017
software) was applied in correlation with computation of confidence intervals of the safety factor. The proposed
flexible numerical simulation framework offer an efficient workflows for integration of data and software packages
for coupled process simulations to demonstrate its capabilities. Numerical results were stored in structured data
formats to allow for an integrated 3D visualization and result interpretation. Results have shown that the proposed
method is useful in CAD design of LPG storage tanks from the automotive industry.
Keywords: 3D hexagonal toroidal LPG fuel tank, automotive industry, industrial engineering design,
optimization methods, safety factor

1. Introduction
The automobile market in the world of 2018 offers more buying options than in previous years,
meaning different styles, sizes, quality and luxury levels or performance. Automotive market is set
to grow due to expansion of vehicle production, changing lifestyle, increases in living standard,
rising disposable income, rapid urbanization, and favorable government initiatives.
Automotive fuel tanks are used in passenger cars, light commercial vehicles and heavy
commercial vehicles. Continuous investments in fuel tank market for the development of efficient,
cost effective, with a high shelf life product by various manufacturers are expected to create
immense market potential over the upcoming years. In addition, increasing sale of electric vehicles
along with rising investments in hybrid vehicles is expected to open new growth avenues.
The current automotive fuel tank market is segmented, based on the capacity of fuel tank, into less
than 45 L, 45 L – 75 L, and greater than 75 L. In addition, there is a high demand for automotive
fuel tank of 45 L – 75 L due to rise in demand for multi-utility vehicles and sports-utility vehicles. On
the other hand, the passenger car segment is expected to dominate the market as compared to the
commercial vehicle.
The fuel tanks have complex shapes [1-6], high mechanical and chemical resistance [7-11], in
various models manufactured from materials (such as plastic, steel, and aluminum materials) [1216], with different prices and advanced safety features [17-25]. Due to lightweight capability,
aluminum is the most widely used and reduces the overall weight of the vehicle.
A variety of design recommendations are used in the structural design of a storage fuel tank [2634] according to its intended use, size, structure type, materials, service life, in order to assure life
safety and to maintain its essential functions [35-37].
There are various Computer-Aided Engineering softwares for specialized design of storage fuel
tanks, which performs calculations in accordance with national and international standards [38-47].
In the technical literature, Factor of Safety (FoS), also known as Safety Factor (SF), can be
computed based on different methodologies with advanced numerical procedures, according the
national and international standards. In addition, confidence intervals of the SF in calculated due to
uncertainty and exploitation conditions, data errors, and model structural inadequacies [48].
Our research aims to determine a set of admissible parameters in designing of a 3D hexagonal
toroid with regular hexagonal cross-section used in manufacturing of LPG storage tanks from the
automotive industry. The obtained results can be applied at the design or control stage of the LPG
storage tank.
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2. Design methodology
In our previous studies [14-16], an optimal design of a 3D hexagonal toroid with regular hexagonal
cross-section was performed.
2.1 Basic geometry of the parametric 3D model
Let’s consider the parametric 3D model generated by revolving of a closed generating curve CG (a
hexagon with rounded corners) along a closed guiding curve CD (a hexagon with rounded corners)
as shown in figure 1 [14].

a)

The guiding curve CD
The generating curve CG

b)

c)

Fig. 1. The axonometric representation of the parametric 3D solid model

The following parameters were applied as input parameters to the 3D parametric model (figure 1):
a) a closed generating curve CG (a hexagon with a side value L = 175 mm, with rounded corners,
radius R = 50 mm), and b) the guiding curve CD (a hexagon with a side value L = 430 mm, with
rounded corners, radius R = 180 mm).
2.2 Computational model
Based on the physical model, the parametric model was created in AutoCAD Autodesk 2017
software [45] and numerical analysis was performed with SolidWorks 2017 software [46] with the
Static, Thermal and Design Study modules. The design data used were:
▪ the tank material is AISI 4340 steel;
▪ the maximum hydraulic test pressure: pmax = 30 bar;
▪ the working temperature between the limits: T = -30 0C up to T = 60 0C;
▪ supporting surfaces located on the inferior side;
▪ the duration of the tank exploitation: na = 16 years;
▪ the corrosion rate of the material: vc = 0.07 mm/years.
In our previous study [15], the graph of 3D surfaces (by type surf) corresponding to the variation of
minimum SF for SFmin (na, T), are graphically shown in fig. 2 [15].

a)

b)
Fig. 2. The 3D graphs SFmin (na, T): a) surf type; b) fire type
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Let’s consider that the required safety factor is: SFimp = 1.6
If the 3D surface of SFmin (na, T) (from fig. 2, shown as surf type) is intersected by a horizontal
plane (with a height of SFimp), it is obtained a 3D graph with SF > SFimp, as shown in fig. 3.

Fig. 3. The 3D graph SFmin (na, T) shown as surf type, for SF > SFimp

A direct determination of 2D graph of SFmin (na, T), for SF ≥ SFimp and SF < SFimp is shown in fig. 4.

Domain with a safety factor
SF ≥ SFimp

Domain with a safety factor
SF < SFimp

Fig. 4. The 2D graph of SFmin (na, T), for SF > SFimp and SF < SFimp
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The corresponding 2D graphs of the isothermal coefficient variation curves, SFmin (nao, To) with
improper work parameters domain, are graphically shown in fig. 5.

FOS(na0,T0)

T0
na0
SF (na0,

T0) < SF imp

Fig. 5. The 2D graphs of the isothermal coefficient variation curves, SFmin (na, T),
with domain SF (na0, T0) < SF imp

Finally, the contour of the planar domain can be described by curves obtained by polynomial
interpolation, corresponding to each contour, which allow the analytical calculation relations of the
domain, which lead to the rapid determination if a function point characterized by working
parameters na0 and T0, belongs to proper working domain.
3. Discussion
Following the SF analysis and the resulting graphs for the parametric 3D model structure through
the method of finite elements it has been found that:
- this method uses specialized computing software based on Finite element methods (FEM);
- this method can be applied at the design stage or during the control stage;
- graphical representations (in 2D or 3D), associated with the analytical curves determined by
polynomial interpolation, delimitates the validity domain for which SF ≥ SFimp.
4. Conclusions
The proposed method identifies a set of admissible work parameters for which SF ≥ SFimp,
structured, on algorithmic details of how to efficiently implement it, and on pre- and postprocessing
steps.
Conflict of Interest: The authors declare that they have no conflict of interest.
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Abstract: As is known from the principles of fluid mechanics, the flow phenomenon of the working fluid
within a hydraulic circuit is always accompanied by energy losses that are inevitably determined by the
frictional forces with the pipe walls, the geometric shape of the pipeline used in the circuit but also the inner
walls roughness of the circuit pipeline which interacts with the fluid. The fluid environment is used within the
hydro-static systems in order to transmit the energy representing the support which, by simply circulating in
the circuit to the execution organs, causes different device movements (rotation or translation) as a result of
directly action. Forced flow of the working fluid inside the circuit is a complex phenomenon of continuous or
non-permanent flow which involves the general laws and equations of the customized fluid mechanics for
specific working situations of the hydro-static drive systems.
Keywords: Fluid, flow, laminar, turbulence, simulation, three-dimensional modelling

1. Introduction
It is known that hydraulic and pneumatic drives have seen an unprecedented development in
recent years due to increased use in the working systems of machines and equipment used in
most industrial branches. At present time there is no industry branch that does not benefit from the
supply of hydraulics and/or pneumatics in order to perform various tasks that simplify user
activities.
Thus, industrial applications are known related to systems in stationary equipment involving fixed
machines such as hydraulic presses, molding hammers, or various cutting equipment, as well as
equipment present in mobile machinery represented by excavators, loaders, self-drilling, bulldozers
and mowers.
2. Model of laminar flow for the working fluid
The hydro-static driving system is designed as a system that can operate permanently, the flow of
the working fluid takes place within a working circuit that consists of active components (pump,
motor) but also other components that allow the adjustment of the pressure values or flow rate in
the circuit.
The flow pattern of the working fluid within the circuit pipelines can be considered laminar if the
fluid viscosity is at a high level, the flow diameter is small relative to the duct length in which the
flow occurs, or the fluid velocity is below the admissible limit value. Since mineral oil is mainly used
in hydro-static drive circuits, the admissible flow velocity is up to 12 m/s. The usual circulating oil
velocity values inside the driving circuit lines are in the range of 5-8 m/s.
Due to the adhesion forces occurring at the contact surface between the working fluid and the pipe
walls, the change phenomenon of the circulation velocity values occurs as the fluid moves inside
the pipe (Figure 1).

Fig. 1. Laminar flow model inside a circular pipeline
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The continuous change in the flow velocity through the pipe is possible up to the pipeline axis
when a parabolic distribution of flow velocity values is encountered (Hagen-Poiseuille) and the pipe
length at which these velocity values changes occur is considered a stabilization length that can be
calculated using the relationship: [1], [3]
l s = 0.0575 d  Re
(1)
where d- pipe diameter;
Re – Reynolds number (adimensional);

Re =

med - average velocity value;
 – fluid kinematic viscosity.

med  d


(2)

The average flow velocity of the working fluid within a hydro-static system can be assumed
according the following relation:

med =

Qp
An

(3)

where:

Qp

– the pump volumetric flow rate;

An –cross-sectional area of the pipe.
Load losses during the flow of the working fluid through the hydrostatic actuator system pipeline
are described as pressure drops generated by fluid inertia forces and viscosity forces.
Darcy's relationship describes the pressure drop across a pipeline between two points: [1], [3]

 p = p1 − p2 =  

 l

2
  med
2 d

(4)

p
– the pressure drop on the pipe;
 - fluid density;
l,d – length and nominal pipe diameter;

med – average flow velocity;
 - linear loss coefficient.

During the operation of the hydrostatic system, the load losses (pressure drops) must be defeated
by the actuator pump. The specific load loss linear coefficient parameter describes the losses
magnitude in the isothermal or non-isothermal laminar flow regime specific to the hydrostatic drive
circuit. The laminar flow regime for a fluid is evaluated by the Reynolds limit number having a value
of Rel = 2320 value, and for mineral oils used predominantly Rel relays about 2000.
3. Turbulent flow pattern of the working fluid
For the turbulent flow model of the working fluid the laminar boundary layer at the pipe inlet
becomes immediately turbulent increasing towards the pipe center of over a stabilizing length of
about 25-40 pipe diameters. (Figure 2).

Fig. 2. Turbulent flow model inside a circular pipeline
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For the turbulent flow model the Reynolds number is characterized by Re> 2320 or Re> 2000 for
mineral oils. For the turbulent flow model, the load losses (pressure drops) on the grid are
evaluated by the Darcy equivalent relationship, being heavily influenced by the roughness of the
pipe walls, the working agent temperature and the hydraulic circuit path geometry.
The loss factor can be computed with Blasius, or Prandtl-Karman: [1], [2]
− Blasius for 4 103  Re  105

0.3164
4
Re
3
7
Prandtl-Karman for 3 10  Re  10
1 2
=  Re  − 0.8

=

−



(5)

(6)



4. Fluid flow simulation on the virtual model
The fluid flow simulation on the circular pipeline model is accomplished on virtual threedimensional model. The velocity circulation is declared in the range of 5 and 7 m/s corresponding
to the specific velocity of the working fluid within a hydrostatic actuation system.
The reference pressure is 300 bar, the working fluid density is 900-905 kg/m3 (mineral oil), and the
viscosity specific to mineral oils is in the range of 17-63 cSt, (table 1).
Table 1: Mineral oil properties
Mineral oil

H18A

H32A

H46A

H60A

Kinematic viscosity (cSt)

17-21

27-33

44-49

58-63

Density (g/cm3)

0.900

0.900

0.905

0.905

The pipeline diameter values are presented in table 2.
Table 2: Inner diameter values for pipeline
Duct inner diameter
6.5
8

10

13

16

19

The pipeline virtual model analysis was designed to view the speed, pressure and flow pattern of
the working fluid.
The model is a circular duct with two inlets and an outlet, the inside diameter is 19 mm and the
total length is 300 mm, the working fluid is a mineral oil (H32A, H60A) having a density of 0.900
and 0.905 g/cm3, the kinematic viscosity of 33 and 63 cSt.
Four distinct cases were analysed in which specific rates of inlet velocity as well as kinematic
viscosity values of the working fluid were reported (Table 3).
Table 3: Initial data for the four cases
Case number

Fluid density
(kg/m3)

1
2
3
4

900
900
905
905

Kinematic
viscosity
(cSt)
33
33
63
63

Inlet velocity 1
(m/s)

Inlet velocity 2
(m/s)

3
5
3
5

5
7
5
7

The model used for the analysis is shown in Figure 3, along with the meshing network and solid
and fluid domains in the model assembly.
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a) Pipe model

b) Mesh network

c) Fluid domain

d) Solid domain

Fig. 3. Three-dimensional model for the pipeline

a) Fluid velocity

b) Total pressure

c) Turbulence eddy dissipation

d) Turbulence kinetic energy

Fig. 4. The obtained results for case 1

a) Fluid velocity

b) Total pressure
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c) Turbulence eddy dissipation

d) Turbulence kinetic energy

Fig. 5. The obtained results for case 2

a) Fluid velocity

b) Total pressure

c) Turbulence eddy dissipation

d) Turbulence kinetic energy

Fig. 6. The obtained results for case 3

a) Fluid velocity

b) Total pressure

c) Turbulence eddy dissipation

d) Turbulence kinetic energy

Fig. 7. The obtained results for case 4
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Table 4: The obtained result values
Fluid velocity
(m/s)
Total pressure
(Pa)
Turbulence eddy
dissipation
(m2/s3)
Turbulence kinetic
energy (m2/s2)

Case 1

Case 2

Case 3

Case 4

8.67

13.31

8.65

12.89

44530

100000

43990

94810

256.2

1696

83.72

504.6

0.68

1.78

0.54

1.33

The obtained results show the flow pattern of the working fluid inside the pipe, according to the
declared inlet values. A laminar flow model can be observed in the area of the two entrances but
becomes turbulent after the fluid flowing from the two intakes makes the mixture.
The values obtained are specific to each case, depending on the declared initial calculation data.
5. Conclusions
Flow aspects of the working fluid through the circular pipes have been presented in this paper,
highlighting the laminar and turbulent regime as well as the conditions in which they occur during
the operation of a hydrostatic drive system.
For example, a numerical analysis was carried out on the virtual model of a pipeline that is crossed
by a hydraulic fluid with the properties of a mineral oil.
The results show the values of flow velocity, total pressure and turbulence recorded at the
analysed fluid region for each analysed case.
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Abstract: Environmental protection is one of the leading factors when designing modern industrial
machinery, their increased overall energy efficiency requiring the use of new industrial design concepts,
smart driving circuits and digital concepts [1]. Classic industrial machinery is supposed to be changing in the
next few years due to the development of INDUSTRY 4.0 concept for manufacturing technologies [1].
Improving energy efficiency, in most of the cases implies designing new driving schematics and their
complexity seems to be significantly increasing. Rapid development of electronics technology and software
industry supported the need for energy efficiency, but fluidic – hydraulic and pneumatic – installations are
performing not so well on this field. There are known various constructive solutions for directional valves that
traditional fluidic manufacturers promote, in order to improve overall energy efficiency [2], but those solutions
are centered on specific industrial application of group of applications. In a narrower case, a hydraulic P.E.T.
waste baling press must be optimized taking into consideration productivity, ease-of-use, flexibility, energy
efficiency and reduced maintenance costs [3]. Digital hydraulics might be a solution that can meet all the
above criteria, but in the case of a small capacity P.E.T. waste press, retrofitting costs depreciation is poor.
In this paper the authors propose a simple and energy efficient electro-hydraulic driving system for a small
capacity P.E.T. waste baling press that was modeled using FluidSIM Hydraulic software environment.
Keywords: P.E.T. waste press, electro-hydraulic, FluidSIM

1. Introduction
Modern industrial design must include modeling and simulation activities for engineering concepts
or existing machines, using a virtual tool such as FluidSIM software environment. There are
available on the market various modeling and simulation software environments, offering
specialized packages of programs that are oriented on a single field of engineering (hydraulics,
electrics, mechanics etc.) or on cross-field engineering (electro-hydraulics, mechatronics etc.).
When modeling a physical object or a system, there must be taken into account, from the
beginning, some hypothesis that induce, negligible or not, errors in the model itself. A simple
physical object, in most cases, can be modeled similar to reality, but a much more complex object
or a system – which comprises simple and/or complex objects – cannot be modeled having no
discrepancies between reality and virtual environment. These discrepancies can lead to serious
errors when simulating the model. Another aspect of modeling is not the object of modeling itself,
but the model of the environment where the actions of the object are taking place. Here, also, a
model of the reality having no errors is, yet, impossible to obtain. Errors in modeling can arise
when trying to produce a mathematical model for the constraints between components of a system
or between system’s components and the working environment. Nowadays, powerful modeling and
simulation tools can reduce “reality to virtual” errors, using component libraries that can be
customized according to the real object or system’s characteristics.
Hydraulic systems are used in numerous industrial fields, where main advantages of hydraulic
drives cannot be overcome using other driving solutions (electric, pneumatic, mechanic, etc.) [4],
[5,] [6], even though their reliability is considered to be medium and having relatively high energy
losses. The authors propose in this paper new hydraulic and electric automation schematics for a
small capacity P.E.T. waste baling press, modeling both the hydraulic and electrical parts using
FluidSIM Hydraulics software environment.
The hydraulic and electrical schematics that the authors propose can be used on a P.E.T. waste
baling press, having electro-hydraulic directional valves and a relay based electrical schematic.
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2. Hydraulics system
Schematic of the hydraulic system that the authors propose is given in figure 1. As it is figured, the
hydraulic schematic has a simple construction and can be used as a base for other engineering
applications such as lifting systems or elevators.
The hydraulic system comprises a 7 liters hydraulic oil tank, which is used as primary source of
fluid and return lines connection. Filter F1 is mounted on the inlet port of a fixed-displacement
hydraulic pump P1 which is driven, through a flexible coupling, by a three-phase 1,5 kW
asynchronous electric motor ME. The pump is used to convert the mechanical energy generated
by the electrical motor into hydraulic energy, having a maximum flow of 4,9 l/min at n = 1450
rev/min. A pressure-relief valve SP1 is used to limit the working pressure at 290 bar, being
activated in case of an overload or the system has a fault that rises pressure to abnormal values.

F1: hydraulic oil filter
P1: fixed-displacement pump
Q1: flowmeter
SP1: pressure-relief valve
M1 … M3: pressure gauges
DH1: electro-hydraulic directional valve
PS1: pressure switch
PA1/PA2, PB1/PB2: flexible pressure lines
MHL: double-acting hydraulic linear motor

Fig. 1. Hydraulics Schematic of the Driving System

Pressurized fluid flows through the P1 to DH1 hydraulic circuit and then returns into the hydraulic
oil tank. DH1 is a 4/3 bypass mid-position electro-hydraulic directional valve. This type of
directional valve allows the hydraulic pump to be unloaded while the hydraulic linear motor MHL
has the ports blocked. This implies that the motor is locked into its current position, as long as the
directional valve is in central position. There must be taken into consideration that the directional
valve has metal-to-metal fit spool and it cannot block totally the hydraulic oil flow, implying that
when an outside force is exerted on MHL, its rod will move very little even though the 4/3
directional valve DH1 is in center position. On DH1, P is the pressure in port, T is the tank out port,
A and B are pressure in/out ports for the hydraulic linear motor.
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DH1 directional valve has two springs for centering the spool in absence of any electrical or
mechanical command. The spool can move under the action of manual or electrical commands,
having two electromagnets Y1 and Y2, one for P-A, B-T, connections and the other one for P- B
and A-T connections (see figure 1).
MHL is a double acting unilateral rod hydraulic linear motor is connected to the directional valve
using two flexible pressure lines (hoses) PA1-PA2 and PB1-PB2. The motor is mounted in vertical
position because of the physical configuration of the pressing chamber in the P.E.T. waste press
(see figure 2).
In the hydraulic schematic, M1, M2 and M3 are pressure gauges used to monitor pressure values
in the hydraulic circuits and PS1 is a pressure activated switch used in the electrical automation
schematic for stopping the pressing cycle and returning the press platter in its home position,
unless other conditions are met for P.E.T. bale evacuation. Q1 is a flow-meter.

Fig. 2. P.E.T. waste electro-hydraulic baling press

In figure 2 is shown a constructive type for a P.E.T. waste baling electro-hydraulic press available
in D009 laboratory of Faculty of Biotechnical Systems (U.P.B.).
The components in the hydraulic schematic are the following:
Table 1: Hydraulic equipment
Equipment type

Schematic
symbol

General parameters

Hydraulic pump

P1

Directional valve

DH1

4/3 bypass mid-position, electric control

MHL

double acting, unilateral rod
φ50xφ40x620 mm

SP1

manual adjustment safety valve, 315 bar

Hydraulic motor
Pressure-relief valve

fixed-displacement, 4.9 l/min

Hydraulic oil filter

F1

ESA22

Hydraulic oil type

-

HLP22

Tank volume

-

7 liters

3. Electrical schematic
Schematic of the electrical system that the authors propose is given in figure 3. The authors have
designed and modeled using FluidSIM Hydraulics a relay logic automation schematic in order to
materialize operation phases of the P.E.T. waste press, as are described in table 2 (see below).
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As one can see in figure 1, the directional valve DH1 has two driving electromagnets, Y1 and Y2
that need to be controlled in operation phases of the pressing cycle. The electrical schematic is
using a 24VDC power supply for both the driving (electromagnets) and relay-automation parts. In
the schematic (see figure 3) it was not figured the power supply or the start circuit for the threephase asynchronous electrical motor.
In figure 3, S0 is a mushroom-type NC emergency STOP button having H0 as optical indicator
(lamp) for signaling that the P.E.T. waste press was switched ON and is currently in stand-by
mode.

Fig. 3. Electrical schematic of the driving system

In the schematic above, figure 3, there are six electromagnetic control relays, K1 … K6, that
provide the operation logic. Pairs of relays’ NO and NC contacts are connected in parallel or in
series circuits in order to materialize operational phases given in table 2.

Fig. 4. Mounting detail of door switch (left) and B2 limit switch (right)

One roller switch S1 is used for disabling manual commands when the pressing chamber door is
open, for human operator safety. The pressing plate is descending when MHL cylinder rod is
extending and coil of Y1 electromagnet of DH1 is energized and it is ascending when cylinder rod
is retracting and coil of Y2 electromagnet is energized. There cannot be energized the coils of Y1
and Y2 electromagnets at the same time. The relay logic prevents this non-sense case to be
encountered in normal operating cycle. If the pressing chamber door is accidentally or intentionally

71

ISSN 1453 – 7303

“HIDRAULICA” (No. 3/2018)

Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics
opened, the current movement (extend/retract) will immediately stop, locking the pressing plate
into its current position.
Button S2 is used to start the automated pressing cycle after loading the P.E.T. waste into the
pressing chamber and for safety reasons, the pressing will start only when the door is closed and
the pressing plate is in home position (full retracted), travel limit switch B1 through one NO contact
of relay K1 provides this second start condition. Self-latching of START pressing command is done
by series circuit NO K1 and NC K6. This command is inhibited when the door was opened while
the pressing plate was in movement.
Button S3 is a semi-automatic command for returning the pressing plate to its home position, press
plate retract, being active only when:
- pressing chamber door was opened while the pressing plate was in movement
(up/down) and it needs to be returned to home position, cylinder rod retracted;
- the P.E.T. waste press is in bale out mode, when travel limit switch B2 and pressure
switch PS1 are both active at the same time.
This command is also self-latching through one NO contact of relay K2. Series circuit NO K5 and
NC K6 is the automatic command for pressing plate retraction to home position after it was started
with S2. When pressing the P.E.T. waste, the pressing force encounters two opposing forces, one
given by the resistance to pressing of the P.E.T. mass and one given by the friction between the
P.E.T. waste and the pressing chamber’s lateral walls. In order to counterbalance these two forces,
the hydraulic pressure in the active cylinder chamber increases to a maximum value determined by
the degree of compaction of the P.E.T. bale. This is implying a pressure peak on the pressure
switch line, activating its output and energizing K5 relay’s coil. While not in bale out mode, NC K6
is closed and NO K5 will be closed therefore the pressing plate will return automatically into its
home position.
In table 2 is given the operation logic of the P.E.T. waste baling press, as the authors designed it,
where 0 is no operation/retract (MHL), 1 is operation/extension (MHL), X is state does not matter
and LK is locked into current position.
Table 2: Operation logic
Functional
phase

Schematic
symbol

S0

S1

S2

S3

Y1

Y2

B1

B2

PS1

MHL

Emergency STOP (manual)

1

X

X

X

X

X

X

X

X

LK

Stand-by mode

0

0

0

0

0

0

1

0

0

0

START pressing (auto)

0

1

1

0

1

0

1

0

0

1

Press plate retract (auto)

0

1

0

0

0

1

0

X

1

0

Press plate retract (semi auto)

0

1

0

1

0

1

0

X

X

0

Bale out (auto-stop)

0

1

0

0

0

0

0

1

1

LK

Vertical position of B2 travel limit switch is related to bale’s height, while its length and width
(usually for this type/size of press: L×w×h: 800×600×600mm, weight 70kg) are determined by the
physical characteristics of the pressing chamber. Modifying B2 vertical position will modify
accordingly bale size and weight. The degree of compaction can be adjusted by modifying the
setpoint value of pressure switch PS1, a lower value mean a lower compaction degree. A higher
compaction degree of the bale can be obtained in the same mode, but it must be taken into
consideration the maximum working pressure of the system, pressure-relief valve setpoint and
safety regulations.
Pressing cycle is entering bale out mode when both B2 and PS1 are activated, optically signaled
by lamp H1. The human operator can now safely open the pressing chamber door and bind the
bale using metal wire or plastic ties, while the pressing plate is locked into last position (Y1 and Y2
not energized). After binding, the bale must be evacuated from the pressing chamber, but in the
first place the pressing plate must be returned to home position by closing the door and pressing
S3. The P.E.T. press enters into stand-by mode and the door can now be opened to evacuate the
72

ISSN 1453 – 7303

“HIDRAULICA” (No. 3/2018)

Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics
bale. A new pressing cycle can be started with S2 after loading the pressing chamber and closing
the door.
Table 3: Electric equipment
Equipment type
Electrical motor
(figure 1)
Valve electromagnet

Schematic
symbol

General parameters

Constructive model

ME

1.5kW, 3 phase asynchronous motor

ASU 90L-4

Y1, Y2

24 VDC, 1A,

HC-16, KVN193

Mushroom type
STOP switch

S0

emergency STOP with housing, 1
NO, 1 NC,

MSG13400RD

Door switch

S1

proximity limit switch, 1 NO, 1 NC

ELOBAU 17127113

S2, S3

pushbutton with green indicator light

MST14100C

K1 … K6

miniature control relay, 24VDC, 4 CO
contacts, 6A

PT 6A 4C 24VDC

adjustable pressure switch, microswitch commutation

F4YX3TG/150D/P2P1

indicator LED light 24V AC/DC

BZ501210-B (H0)
BZ501213-B (H1, H2)
BZ501211-B (H3)

Manual NO switch
Relay
Pressure switch
Optical indicators

PS1
H0 … H3

4. Conclusions
Engineering field of electro-hydraulics has encountered a large development in the past years
because of rapid technological advances, especially in electronics, IT and material’s science.
Modern P.E.T. waste presses use closed-loop analogic, digital or hybrid control, depending on its
pressing capacity and functional requirements, most advanced constructive types use PLCs. The
authors propose in this paper a simple and energy efficient electro-hydraulic automation
schematic. Future work, the authors will try to obtain a simulation model for the solution presented
in this paper and analyze its adequacy.
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Abstract: The present paper proposes a method for approaching the remediation of sealing deficiencies
from the left bank of Ostrovul Mic water reservoir at km1+300 (Raul Mare – Downstream water development)
by executing a drain at the bottom of the side embankment downstream face. The results of the remedy are
highlighted by checking the flow both as a permanent regime and as transitional regime hypothesis on a 2D
numerical model.
Keywords: Embankment, sealing, water infiltration, interception drain, 2D numerical modelling.

1. General considerations
The hydro-power arrangement Ostrovul Mic (figure 1) is located at a distance of about 20 km from
the Town of Haţeg, in the surrounding area of Ostrovul Mic village. The specific water development
consists from a low retaining concrete dam, a hydro-power station and side enclosing
embankments. The main uses of the arrangement are the electric power production, the water flow
adjustment on river Râul Mare and the farm land irrigations. The concrete overflow dam
accomplished towards the right bank is of “storied” type, with a tympan (H = 22,50 m), an overspilling hood and a bottom discharger endowed with 4 tainter gates (4,00x4,00m2) and 2 flap gates
(10,00x2,50m2). The usual water retention level is set at 465,00 mSL. The power station Ostrovul
Mic is situated on the retention section towards the left side and is endowed with two Kaplan
turbines. The installed flow of 90 m3/s and its nominal head of 20 m leads to an installed power of
15.90 MW [1].

Fig. 1. Plan view and panoramic photo of the Ostrovul Mic water development. 1. overflow dam, 2-3. first and
second steps of the energy dissipater, 4. high waters canal, 5. hydro-power station, 6. apron basin, 7. talerace canal, 8. reinforced concrete face, 9. grassy downstream face.
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Due to significant exfiltration accompanied by material entrainment from the enclosing
embankments (especially at the left bank dike) the water development runs on level restrictions,
meaning substantial energy and consequently financial losses. The enclosing ballast
embankments of trapezoidal cross section have a 4.00m wide crest and faces slopes of 1:2.0 and
1:1.8 (upstream / downstream). The filling material – ballast – was obtained from the reservoir
basin. The sealing is accomplished by an upstream reinforced concrete face (slabs 4.00x5.00m2)
of 0.15-0.20 m thickness and an underground slurry (bentonite) wall. The concrete face is upper
ended by a water wave concrete turning parapet of 0.50 m height. The slabs joint gaps were
sealed with bituminous mastic while the expansion joints are additionally sealed with glued straps.
The base ground layer – marl – is to be found at a depth of about 8…10 m from the natural ground
level and therefore the underground sealing groin was difficult to be properly done by the following
technological solution: the concrete face was to be deepened with about 4 m under the ground
level, the remained depth was trench opened by excavation down to the base layer and filled with
bentonite, a reinforced concrete supporting beam was accomplished on top of the slurry groin.
Unfortunately, engaging this accomplishment procedure led to at least two types of
inconveniences: there are zones where the trench excavation did not reach the marl layer, as it
clearly proves to be the case on the left bank embankment at km1+276 where there is a bentonite
uncovered gap of about 1…2m depth under the slurry groin (an exfiltration funnel developed here
along the first 10 years of running the water arrangement, nourishing multiple springs on the
downstream face and in the alongside safety counter duct); there are zones where it seems that
the supporting beam does not properly vertically overlays with the slurry filled trench. It also needs
to be mentioned the advantage offered by the embankment ballast fill granulometry which creates
a solid skeleton hardly to be destabilised by exfiltration.
Along the 1996…1999 time period of running several exfiltration zones appeared and developed
on the left side embankment downstream face (berm level) and its alongside duct, specifically at
km0+790, km1+300 and km1+670, reaching an exfiltration discharge of 196 l/s. Geotechnical
studies were then performed by digging three wells right down to the marl base layer (441,5 mSL)
[2, 3]. Following the heavy rains of 12-14 July 1999, developing in torrents of extraordinary flow
level, the water turbidity in the reservoirs maintained itself at very high values (as yellowish brownie
viscous fluid) for about two months and it was noticed that the exfiltration at km1+300 seized for 8
days in order to reaper in the beginning at a half of its prior rate. The reservoir was emptied in
October 2000, several operations being performed: longitudinal and transversal drainage of the
berm, local repairing of the concrete face joints sealing and filling the exfiltration funnel at
km1+276. As a result, the exfiltration at km0+790 and km1+670 were put out for good and the one
at km1+300 seized to run on for a short period of time (80 days), reappearing with about 50% from
its previous rate. The water level correlated exfiltration evolution, mentioning also two intervention
moments (the natural generated one and the technological one), is presented by figure 2.

Fig. 2. Correlated exfiltration development on the left bank embankment of Ostrovul Mic reservoir
75

ISSN 1453 – 7303

“HIDRAULICA” (No. 3/2018)

Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics
Given the importance of this also interesting subject, the present paper aims to bring on the light
an approach method for sealing deficiency turnaround in the zone of km1+300 at the left side
embankment of Ostrovul Mic water reservoir. An interception drain is suggested at the bottom level
of the embankment downstream face while the infiltration discharge is then checked by a 2D
numerical model on which several accompanying works are considered.
2. Wedging the numerical model under stationary and transitory regimes
The numerical model of the study case was built following the boundary conditions according to
data appropriately supplied by the owner of Raul Mare – Downstream water arrangement [1].
These conditions include results obtained by measurements performed by infrared photography
technics [2]. The outgoing levels of infiltration curve – from 456.00 to 457.20 mSL [4] – was
established by analysing the thermal investigations results. Consequently, the numerical model
was attuned with respect to the material permeability and anisotropy [5] based on this available
data. This stage of the numerical study was performed both for the stationary and transitory
regimes as presented here. The corresponding three established basic situations were as follows:
a. Stationary regime – developed for the fixed water level of 462.50 mSL in the Ostrovul Mic
reservoir (figure 3)
b. Stationary regime – developed for the fixed water level of 465.00 mSL in the Ostrovul Mic
reservoir (figure 4)
c. Transitory regime – developed for a maximum initially water level in the Ostrovul Mic
reservoir imposed at 462.30 mSL (figure 5)

Fig. 3. Equipotential and flow current lines corresponding to the upstream level of 462.50 mSL
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Fig. 4. Equipotential and flow current lines corresponding to the upstream level of 465.00 mSL

Fig. 5. Equipotential lines and pore water pressure at the end of the transitory phenomenon time interval
24.10.2013 - 18.03.2015
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The following figure 6 shows the correlated water levels in the reservoir and observation well
FG1/NFD along the given monitoring time interval.

Fig. 6. Reservoir water level development with time and corresponding level in the monitoring well FG1/NFD
along the given time interval 24.10.2013 - 18.03.2015

The figure 7 shows the comparative development of the reservoir water levels and the measured
(supplied by the owner of the water arrangement) and model calculated water levels in the
observation well for the mentioned monitoring (analysis) time interval.

Fig. 7. Measured and calculated well water levels correlated with the reservoir water levels development
along the monitoring time interval 24.10.2013 - 18.03.2015

3. Numerical modeling of the suggested solutions for turning around the embankment
sealing deficiency
3.1 Downstream drain, without upstream intervention in the water reservoir
Looking to lower the infiltration curve, a side longitudinal drain (perforated pipe of 318mm in
diameter) was considered with the 2D numerical model. By considering the stationary regime for
the reservoir usual water level of 465.00 mSL, the model led to a decreased infiltration curve and
an exfiltrated specific discharge of 3.828 l/s/m (figure 8, as to see with respect to basic data given
by figure 4).
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Fig. 8. Equipotential and flow current lines corresponding to the upstream level of 465.00 mSL in case of
lowering the infiltration curve by the help of a downstream drain

Fig. 9. Pore water pressure and flow lines by considering a downstream drain

3.2 Downstream drain and consequent upstream warping, without upstream intervention in
the water reservoir
There is considered the warping effect given by the reduced flowing velocities in the funnel zone
due to the lowered infiltration curve. Alluvia settlement is determined in time which concludes in
permeability reduction (similar to warping produced by the fine material brought by high waters).
This modeled phenomenon leads to an exfiltrated specific discharge of 2.836 l/s/m (figure 10).
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Fig. 10. Equipotential and flow current lines corresponding to the upstream level of 465.00 mSL in case of
lowering the infiltration curve and assuming alluvia warping in the funnel

Fig. 11. Pore water pressure and flow lines by considering a downstream drain and the warping
phenomenon

3.3 Downstream drain and superficial filling operation of the upstream funnel
Accompanying the drain accomplishment, in order to reduce the embankment seepage a
mechanized filling of the existing exfiltration funnel is proposed. This operation can be developed
either with or without emptying the reservoir, by adopting corresponding technologies.
By considering a compacted earthfill, the numerical modeling led to an exfiltrated specific
discharge of 2.31 l/s/m (figure 12).
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Fig. 12. Equipotential and flow current lines corresponding to the upstream level of 465.00 mSL in case of
considering a downstream drain and upstream funnel filling

Fig. 13. Pore water pressure and flow lines by considering a downstream drain and the upstream funnel
filling

3.4 Downstream drain and upstream bottom sealing structure
There is suggested a major intervention upon the upstream sealing solution by an extension with a
bottom fore-raft structure, either as a concrete rigid one or an elastic one of gabions. The
exfiltrated specific discharge was obtained in this case of 1.12 l/s/m (figure 14).
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Fig. 14. Equipotential and flow current lines corresponding to the upstream level of 465.00 mSL in case of
considering a downstream drain and an upstream bottom sealing structure

Fig. 15. Pore water pressure and flow lines by considering a downstream drain and an upstream bottom
sealing structure

4. Conclusions
As the reached 2D model graphic representation show, the infiltration flow is lowered towards the
downstream interception drain (perforated pipe). The modeled exfiltration from the funnel zone is
considerably reduced, the situation being even more improved by the upstream accompanying
works. As expected, the major upstream intervention by extending the sealing structure with a
bottom fore-raft shows the most drastic reduction of the existing exfiltration problem, but the
economic aspect should be also considered by a specific feasibility study in order to decide
towards the optimum solution.
The 2D numerical modeling of the embankment infiltration phenomenon for the most radical
82

ISSN 1453 – 7303

“HIDRAULICA” (No. 3/2018)

Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics
structural intervention leads to a drop in the exfiltrated specific discharge from a value of 10.717
l/s/m to a value of 1.12 l/s/m, while the outgoing infiltration curve level reaches well in the alongside
existing safety counter duct. As considering the reservoir usual water level of 465.00 mSL, the
outgoing level actually below the downstream ground level would thus ensure the safety running of
Ostrovul Mic water development.
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