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Abstract. The rotor disk produces an azimuthal velocity component in the space between the rotor and stator of a turbine disk,
also known as the rim seal cavity. As part of an empirically study, the rim seal cavity is subjected to a test aimed to count the
number of unstable structures and evaluate their rotational speed. An Electronic Control Unit (ECU) has a leak test aperture that
is sealed by a sealing device that is selectively disposed in the leak test aperture. Designing pump and compressor machines and
units requires the development of dependable seal assemblies that maintain tightness over a long period of time and in a wide
variety of pressures and temperature. In the field of electrochemical machining (ECM), heat-resistant and high-strength
materials may be machined into complicated forms using this well-known technology. ECM presents some issues as the
electrochemical copying of grooves, insulating groove features, slots and mini-holes can cause water leakage due to the poor
sealing device of the closed integral structure turbine disk. Sealing devices of rotor turbine disks are heavy components with
low-cycle fatigue analysis to their life curves. However, there is rare analysis to detect their defects in various rotor regions
(temperature, considering stress, mission profile). This study by use of hydro-thermal loading has attempted to focus on the
mechanical seals rings and basic productive and operating requirements. Taking the damage and wear, the clearance has been
altered that cause a raising in leakage. Generally, the leakage grows more rapidly than linearly with the after-damage clearance.
Also, damage and wear were related to the labyrinth seal itself, resulting that the bending curvature and the percentage of bent
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tooth length were also relevant in defining the leakage in the case of bending damage.

Keywords:

ECM; hydro-thermal loading; sealing device; soft computing; turbine disk

1. Introduction
1.1 Sealing device

Assuming the engine as the heart of the automobile,
ECUs are its brain. When different components of an
automobile (engine, windows, airbags, etc.) react, electronic
control units are responsible for controlling how they react
(overheating, button pressed by a passenger, crash, etc.)
(Shariati 2020, Shariati et al. 2020c, g, Li et al. 2021).
Selectively positioned inside the leak test aperture of an
ECU is a sealing device for sealing the leak test aperture,
which has an inner surface (Shah et al. 2016b, 2020a, h,
Duan et al. 2021). An opening sealing device is composed
of a first part and a second portion that is linked to the first
section (Hosseinpour et al. 2018, Naghipour et al. 2020b,
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Shariati et al. 2020b, Wang et al. 2021). A press-fit sealing
device is fitted into the leak aperture so that the first portion
of the sealing device is in contact with the inner surface,
securing the sealing device’s position, and the second
portion is in contact with the inner surface, preventing
moisture and debris from passing through the leak test
(Khorramian et al. 2016, Khorami et al. 2017b, Afshar et al.
2020, Ni et al. 2020). In terms of size, the second diameter
is bigger than its predecessor. Accordingly, the second
diameter of the second component exerts a pressure on the
inner surface of the leak test aperture while making a sea
(Shahabi et al. 2016a, Khorami et al. 2017a, Trung et al.
2019b, Hu et al. 2020). When it comes to gas turbine rotor
disk sealing devices, they are heavy components and are
generally designed using a safe-life method, where the low-
cycle fatigue analysis is carried out based on design life
curves with appropriate probabilistic margins (Shariati
2013, Arabnejad Khanouki et al. 2016, Chen et al. 2019b,
Suhatril et al. 2019, Deng et al. 2021). As a result of the
weight of the rotor, there is a risk of unnoticed flaws
(considering stress, temperature, mission profile) (Sinaei et
al. 2012, Guarneros-Meza 2016, Khorramian et al. 2017,
Milovancevic et al. 2019).
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There is a direct alignment between performance and
engine clearances. For example, it found that advances in
fluid film sealing that resulted from a planned study
program might save roughly 37 million barrels of oil (1.554
billion = 1554 million gallons) each year, or 0.3% of the
U.S.’s energy usage (Shah et al. 2016a, Nosrati et al. 2018,
Toghroli et al. 2018, Jiang et al. 2021a). Researches could
lead to an annual energy saving, on a national basis,
equivalent to about 37 million barrels (1.554 billion = 1554
million U.S. gallons) of oil or 0.3% of total U.S. energy
consumption. Regarding the engine bleed, Moore (Moore
1975) cited that 1% decrement in engine bleed provides
0.4% decrement in specific fuel consumption (SFC) that
translates into roughly 0.033 to 0.055 billion gallons of U.S
airlines fuel savings and nearly 0.28 billion gallons in the
globe per year. With respect to HPT tip clearance, Lattime
and Steinetz (Lattime et al. 2002) report an improvement of
0.0254 mm (0.001 inch) results in a reduction of SFC by
0.1% and EGT (exhaust gas temperature) by 1°C, which
results in an annual savings of 0.02billion gallons for
United States Airlines (US Air). Munson et al. (Munson et
al. 2002) anticipate fuel savings of approximately 0.5
billion gallons with improved sealing.

The most cost-effective way to improve turbomachinery
performance is to control interface clearances (Arabnejad
Khanouki et al. 2010, Arabnejad Khanouki et al. 2011,
Shariati et al. 2012a). Turbine seals regulate turbo-
machinery leaks, coolant flows, as well as overall system
rotor dynamic stability like lubricants, sealing interfaces
and coatings are often sacrificed for the beneficial of a
component (Sinaei et al. 2011, Goudarzi et al. 2016,
Davoodnabi et al. 2019, Xie et al. 2019, Zhang et al. 2019).
All of these factors, together with variations in temperature
and aerodynamic loads and foreign object damage (FOD),
make them vulnerable to erosion, abrasion, oxidation,
incursive rubs as well as foreign object damage (FOD)
(Shariati et al. 2012e, 2014b, 2017, Wei et al. 2018).
Turbomachinery sealing demands require a range of seal
styles and materials. In order to preserve the interface
clearance, these seals must be correctly designed and
manufactured (Mohammadhassani et al. 2014a, Tahmasbi et
al. 2016, Li et al. 2019, Luo et al. 2019, Feng et al. 2020).
If necessary, neighboring surfaces can be machined, while
in many other situations coatings are used to optimize
performance (Hamidian et al. 2011, Shariati et al. 2018,
2019b, Rezaeian et al. 2020, Ye et al. 2020). Numerous
seals are constructed from superstructure or substrate
composite materials that may be repaired in situ or by
stripping, recoating, and reinstalling the seal until the
substrate life is surpassed (or until the seal is no longer
effective) (ChuppA et al. 2007, Shariati et al. 2010, 2016c,
Shahabi et al. 2016b, Heydari et al. 2018). Fig. 1 shows
ECM internal flow channel experiment device, also Fig. 2
shows the device of ECM internal flow channel.

The non-moving stator wall and the spinning blade disk
must be separated by a gap below the hub end wall surface
(Daie et al. 2011, Zhou et al. 2011, Mohammadhassani et
al. 2014c, Nasrollahi et al. 2018, Paknahad et al. 2018). A
boundary layer contact with the rotor disk imparts
momentum to the fluid within the rim seal chamber, causing
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Fig. 1 ECM internal flow channel experiment device

Fig. 2 Device of ECM internal flow channel

the air to swirl (Shariati 2008, 2019a Zandi et al. 2018,
Naghipour et al. 2020a). Turbomachinery design is heavily
influenced by turbine flow interactions near rim seals,
which impact the aerothermal function of stage (Chen et al.
2019a, Sajedi et al. 2019, Razavian et al. 2020, Jiang et al.
2021b, Mehrabi et al. 2021). To prevent the hot main
annulus gas from being ingested into the turbine disc
chamber, extra cooling air is often necessary (Shariati et al.
2011a, 2015, 2018, Katebi et al. 2019). As the cooling air
and primary turbine gas flow interact, the rim seal design
may have an effect on aerodynamic losses (Shariati et al.
2012c, d, 20144, 2016, Wang et al. 2018). An array of high-
and low-pressure cells travels within the rim seal cavity as
the swirl system develops (Shariati et al. 2011b, 2012b,
2013). In a theoretical and practical investigation of a two-
stage turbine, Cao et al. found the cells (Lucas 1990). There
is a conclusion from the data that eight unstable
constructions are moving at 90 to 97% of their rotor speed.
A blade passing occurrence has no bearing on the structures
present. Improved aero-thermal performance of an axial
flow turbine requires a thorough understanding of the
unstable  structures in  the rim seal cavity
(Mohammadhassani et al. 2013, Toghroli et al. 2014, 20186,
Mansouri et al. 2019). A three-part study by Phadke and
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Owen (Bayley et al. 1970, Owen et al. 1980, Phadke 1985)
into the seals of gas turbine rotor stator systems identified
two distinct processes governing the absorption of fluid
from the main gas channel into the wheel interior. Simple
seal arrangements between a revolving and stationary disk
with an empty outer annulus were tried by the authors. The
purge flow rate, rotor speed, seal geometry and annulus
flow rate may be changed. In addition, they might cause
pressure fluctuations in the annulus as a result of their
presence. A flow visualization, concentration readings, and
pressure measurements were all part of their examination.
At small values of Re,/ Rey it is the needed purge flow
ratio to seal the wheel space raised by raising Reg.

Re,, = the Reynolds number of annulus flow
Reg= the rotational Reynolds number

At large values of Re,,/ Reg, the needed purge flow
ratio to seal the wheel space was independent of Reg and
highly based on the pressure variation in the annulus
(Sadeghipour Chahnasir et al. 2018, Sedghi et al. 2018,
Katebi et al. 2019, Shariati et al. 2019¢). Externally induced
(EI) and Rotationally induced (RI) ingress are the physical
processes that regulate these two regimes (Shariati et al.
2019c, d, 2020e, 2021a, Partovi et al. 2020). An orifice
model by Owen (Phadke et al. 1983) was used to
investigate the reason of EI intrusion and compare the
experimental data results and 3-D computational fluid
dynamics (CFD). It was also observed that the pressure
difference in the primary gas channel showed a substantial
association with gas entry, as Phadke and Owen had found.
A greater static pressure in the wheel space produced
entrance, while a lower one caused egress from the wheel
space and out of it into the main air flow route. The vane
wakes create the high pressure in the hot gas route, whereas
the clean flow through the vane passageways causes the low
static pressure in hot gas path. Owen further demonstrated
that the form of the circumferential pressure fluctuation was
related to the pattern of intake. A fundamental fluid
dynamics argument was used to explain Rl ingress by
Sangan, Lalwani, Owen, and Lock (Phadke et al. 1988). As
a spinning disk spins in a stationary fluid, a boundary layer
forms over the disk and fluid is expelled radially. A radial
flow of fluid must be countered by an axial flow of fluid
toward the revolving disk. One disk is fixed while the other
is spinning in turbomachines. With a revolving fluid core
between the two disks, distinct boundary layers arise (Safa
et al. 2020, Shariati et al. 2020d, f, Yazdani et al. 2020,
Nouri et al. 2021). A radially inward pressure gradient
balances the centrifugal force on the core fluid. In order to
generate the radial pressure gradient, the core fluid must
move more slowly at smaller radii than at larger radii. Fluid
rotation is slowed near a stationary wall due to no-slip
conditions, leaving it with less centrifugal force than that
provided by the pressure gradient throughout its radius
(Mohammadhassani et al. 2014b, Safa et al. 2016, Trung et
al. 2019a, Jahandari et al. 2021, Shariati et al. 2021). Thus,
the radial pressure gradient causes fluid to flow down the
wall of the stationary disk due to its radial pressure gradient
effect (Qi et al. 2019, 2020, Huang et al. 2021, Jiao et al.
2021, Ma et al. 2021, Zhao et al. 2021). It is because of this
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Fig. 3 The device of adjusting electrolyte outlet pressure

Fig. 4 Rings of friction pairs of mechanical seals

flow of fluid that a large amount of air is drawn into the
wheel area from the main gas channel. Purge flow can be
used to decrease or eliminate the ingress of fluid from the
primary gas route. In addition, purge flow balances mass
conservation of fluid exiting the wheel space owing to disk
pumping and prevents fluid from being swallowed along the
stator wall (Shariati et al. 2011c, Shah et al. 2015, Ziaei-Nia
et al. 2018). Double-rim seals, which seal the wheel space
more effectively with less purge flow, are generally more
engine representative than radial or axial seals. Phadke and
Owen (Phadke 1985) have shown that flows entering the
wheel space of one rim system may traverse vast parts of
the wheel space using flow visualization techniques.
According to their flow visualization research, when a
double rim seal was placed, flow entering the wheel area
was limited to the outside region and did not cross the
second rim seal. There was a comparison between three
distinct types of computational research by Jakoby et al (EI-
Oun et al. 1988). Fig. 3 shows the device of adjusting
electrolyte outlet pressure. A 360-degree examination of the
rim seal cavity is the test that best depicts the structures
within the cavity. They’re traveling at 80 percent of the
rotor speed because of the rim seal cavity. Fig. shows the
rings of friction pairs of mechanical seals.

1.2 ECM machines

Since 1780, electrochemical dissolution has been used
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to remove metals, but it has only been exploited to its full
potential in the last two decades. Contactless electro-
chemical forming process is another name for this
technique. Due to the fact that electrical energy is employed
to generate a chemical reaction, electrochemical machining
was born (ECM). Electrolysis follows Faraday’s laws. By
placing the two electrodes in a conductive liquid bath and
applying DC voltage (5-25V) across them, Michael Faraday
discovered that metal could be removed from the anode and
deposited on a second electrode. In the past, this idea was
widely used. Electroplating is reversed in ECM. As an
electrochemical method, ECM is a process of controlled
dissolving at the atomic level of electrically conducting
work pieces using an electrolyte, which is usually a water-
based neutral salt solution. When using ECM, the
electrolyte is selected in such a way that the tool is not
plated and its form is not altered. Maintaining a little space
between the tool and work (0.1 to 0.2mm) results in a
similar-looking machined surface. For many industrial
applications such as the manufacturing of complicated aero
engine components made from difficult-to-cut materials,
electrochemical machining (ECM) has become a feasible
option. A number of its benefits are no tool wear,
independence from material mechanical characteristics, and
great efficiency in machining. By degrading materials from
work piece by electrochemical dissolution at atomic level,
electrochemical machining (ECM) is able to produce
complex forms and geometries on a wide range of
sophisticated technical materials (Das et al. 2020).
Machines made with ECM are ideal for machining tough
materials since it does not depend on work piece hardness
(Schubert et al. 2018). With ECM machining, the tool and
the work piece aren’t exposed to as much heat as with other
methods of machining (Sathiyamoorthy et al. 2015). Aside
from avoiding heat stress and tool wear, ECM may also
create complicated forms and shiny surfaces without the
need for any extra procedures (Lohrengel et al. 2016).
Using an electrochemical technique is a way of removing
metal. Electrochemical metallization (ECM) is sometimes
known as reverse electroplating, in which material is
removed instead of being deposited (Todd et al. 1994,
Valenti 2001). It is typically utilized for mass
manufacturing and for dealing with exceptionally hard
materials or materials that are difficult to process using
traditional techniques, such as titanium and aluminum.
Electrically conductive materials are the only materials that
can be used with it. When using ECM, the cutting tool is
directed along the required route near to the work piece, but
without contacting the work piece directly. To the contrary,
no sparks are produced in this style of music. As long as no
heat or mechanical stress is transmitted to the component,
high metal removal rates may be accomplished with ECM.
A cathode is advanced into an anode during the ECM
process. Electricity is applied to the cutting region by
injecting a pressurized electrolyte at a certain temperature.
Material liquefaction rate equals the feed rate (Valenti
2001). In between the tool and the work piece, there is a
space of 80 to 800 micrometers, depending on the tool.
Material from the work piece dissolves when electrons
traverse the gap, as the tool creates a shape in the work
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Fig. 5 Principle of ECM, adapted after Anonymous, (2010)
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Fig. 6 The seal comprises an axially movable ring

piece. As a result of the procedure, metal hydroxide is
removed by the electrolytic fluid. ECM can cut small or
odd-shaped angles, showing contours or cavities for exotic
and hard metals, such as high nickel, titanium aluminides,
cobalt and rhenium alloys. It is possible to manufacture
both exterior and interior geometries. To manufacture
complex forms such as turbine blades with an excellent
surface quality from tough to machine materials, the ECM
method is frequently employed. A deburring procedure is
also extensively and efficiently utilized with it (Yuan et al.
2021). Fig. 5 shows the principle of ECM. The seal includes
an axially movable ring with 1, set in housing that 2 is
preloaded with spring 3 and the metal supporting ring 4,
fixed to shaft 5. At the end of the working surface 6 of the
ring 1, there is a set of chambers 7 set across the
circumference of ring. On the ring 4, there are some
tangential channels 8, with middle portions of which
located on the axis at the same distance as the cameras 7.
The number of channels 8 is less than the number of
cameras 7 so that there is link with the cavity of hardening
medium only a part of cameras. This conical whisker has a
sealing surface 10 in place of the contact with the sealing
surface of the bushing 11 (Fig. 6).

1.3 Purge flow system
1.3.1 Unsteady pressure measurements in the rim

seal cavity
These patterns are affected by the structures within the
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seal cavity. This pattern of high and low static pressure has
been seen in similar buildings in the past. There’s a way to
calculate the speed and quantity of structures present at any
time if at least two fast response probes are kept at a
specified distance apart and can record data concurrently.
To measure the unstable structures, Endevco’s (8507C-1)
unsteady transducers are employed. We created a drawing
of the rim seal chamber, which has a double radial seal. A
double radial seal geometry is used. As seen in Fig. 6, the
cavity next to which the transducers are indicated in red is
known as the buffer cavity, and it is positioned between the
outer and inner seals. There is a serpentine channel below
the inner seal that the injected purge flow must follow to
reach the rim seal hollow. There are periodic inlets
positioned around the inner circumference of the annulus

that are used to mix and settle fluids in this flow channel
with rim seals. Further details of the rim seal chamber
design are provided by Averbach (Ko et al. 1992). In the
same radial location, the two pressure transducers are
spaced 5 mm apart. In order to determine the speed and
quantity of structures within the rim seal cavity using our
technique, at least two probes that can capture data
concurrently are essential. Fig. 7 shows the simulation plot
of Turbine disc; Fig. 8 indicates the production process of
turbine disc, while Fig. 9 indicates the simulation
production of turbine disc.

2. Turbine discs

Significant-speed turbine discs in a cold environment
are subjected to high rotating stresses. The disc’s resistance
to fatigue cracking is the limiting factor for its usable life.
Ferritic and austenitic steels have been utilized in the past,
but nickel-based alloys are now employed. Due to increased
fatigue resistance, adding the alloying elements in nickel
can lengthen the lifespan of a disc. Alternatively, powder
metallurgy discs, which are high cost, but give a 10 percent
increase in strength, can be used to reach higher rotating
speeds.

2.1 Blades of a turbine

The importance of choosing the right material for
turbine blades may be illustrated by mentioning a few of the
factors to consider while designing turbine blades. The red-
hot blades must be robust enough to withstand the
centrifugal forces created by the high-speed rotation. In
order to operate the compressor, a tiny turbine blade
weighing just 2 ounces may impose a force of nearly 2 tons
at peak speed, and it should endure the tremendous bending
stresses produced by the gas. Also, turbine blades should
withstand high-frequency variations in gas conditions, as
well as corrosion and oxidation. A material that can be
properly shaped and machined by existing production
processes should still be used to make the blades. A specific
blade material and a safe operating life have a maximum
permitted turbine entrance temperature and maximum
engine power, which derives from the above. The ongoing
search for better turbine blade materials and enhanced blade
cooling techniques by metallurgists and designers is not
unexpected. The turbine blades gradually expand in length
over time. “Creep” is a term used to describe this process,
and there is a finite usable life limit before failure occurs.
When high temperature steel forgings became popular, they
were quickly supplanted by cast nickel base alloys with
improved creep and fatigue characteristics. There are many
crystals on typical turbine blades (equiaxed). By aligning
the crystals to create columns along the blade’s length, a
process of “directional solidification,” the blade’s service
life can be extended. Making the blade out of a single
crystal is a step up from this approach. As a result of each of
these methods, the blade’s usable creep life may be
extended. In addition, the working temperature of a single
crystal blade can be significantly raised. Reinforced
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Fig. 11 Assessment of a turbine disc: (a) state of stress
due to primary centrifugal loads

Fig. 12 FE elastic—plastic analyses for the verification of
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ceramics can be used to create a turbine blade that is not
made of metal. A tiny high-speed turbine with high turbine
entrance temperatures may be their first use. Some of the
problems involved in increasing a gas turbine’s power and
temperature limits may be seen in the following example.
Gas turbine OEM (original equipment manufacturers)
vendors are determined by the quality of their financial
services. GE is the uncontested leader in financial services,
as seen by the size of its fleets, especially in newly
developing nations. It has been proven that other OEMs
have created profitable joint ventures with international

power firms and banks (Tang et al. 2017). It is possible that
the inadequate sealing mechanism of the closed integrated
structure turbine disk causes leakage of water while
electrochemically duplicating slots, micro holes, grooves,
and insulating groove characteristics in electrochemical
machining. Determining what kind of seal is needed for a
long period in various temperatures and pressures is crucial
to the design process of ECM closed integrated structure
turbine disks and units. Fig. 10 indicates the function of
turbine disc through simulator. Fig. 11 is the assessment of
a turbine disc: (a) state of stress due to primary centrifugal
loads and Fig. 12 shows the FE elastic—plastic analyses for
the verification of S, global model.

3. Sealing device for the ECM intake port

In gas turbine engines and other friction units, the
performance of bearings depends heavily on the quantity of
heat transmitted into the surrounding oil cavity and the
degree of leakage. Part of the heat is absorbed by the seal
with working gas and the support’s wall. As a result, the
quantity of heat generated by various sources might reach
up to 80%. In many cases, the reliability of sealing systems
determines contemporary aircraft engines’ dependability
and durability. The raised rotor speed, temperature,
pressure, and velocities in the gas passage complicate the
seal’s operating conditions owing to increased thermal
stress (Martin 1908). Seal research may be approached from
two different angles. Seals are regarded a frictional pair
whose functioning capability must be assured in the initial
approach. As part of the engine system, the seal is
considered in the second method. The engine oil system
seal’s functioning, as well as the effect of processes
occurring in the seal during the oil system’s operation,
should be closely examined (Egli 1935). Hart (Kearton et
al. 1952) and Kingsporn (Schramm et al. 2002) demonstrate
the tight relationship between the heat flow and the
supporting element, as well as the elements that feed oil to
the friction bearing nodes. As a result, the oil in the engine
supporting element should be heated between 40 and 70
degrees Celsius. With current engine temperatures, it’s
nearly impossible to meet this criterion. The additional heat
flow might also cause the oil mixture in the bearing cavity
to catch fire due to the increased heat flow. There are
experimental studies of ignition conditions (Wittig et al.
1983). The oil from friction units is extremely difficult to
remove. In the works (Bill et al. 1977, Demko et al. 1990),
problems related to the design of breathers are discussed.
Afterburner turbofan engines and turboprop engines were
examined for oil consumption in this study. From the
analysis of the Fig. 14, the graphs illustrate the relationship
between oil consumption and thrust or power for various.
The engine’s technical description is used to determine the
values. There is a 15-times increase in compressor pressure
ratio and a two-time increase in gas temperature prior the
turbine from 1000 K to 2000 K (Stewart et al. 1978). It is
concluded that the amount of oil consumption is dependent
on the engine thrust (power). It is on 40 - 50% more that
largely is dependent on the reduction gear usage for
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turboprop engines. Heat flow through the engine supports is
another element that affects oil consumption and may be
influenced. On a plane engine (Figs. 5 and 6), it
demonstrates the experimental changes in oil consumption
across three different supports. The front support consumes
the least amount of energy, while the middle and back
support consume the most. Consumption values differ by
more than 3 times because of the high temperature of
ambient air (gas), and to the volume of oil cavity. Fig. 13
indicates the stages of abrasion:1 — cold burnishing; 2 —
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Fig. 16 Graph illustrating the evolution of the current
peak value of the pulses

stable abrasion; 3 — destructive abrasion. Fig. 14 is the
variation of side gap with cathode feed rate in the different
feed modes. Fig. 16. Graph illustrating the evolution of the
current peak value of the pulses.

3.1 Numerical analysis of leak rate prediction model

Fig. 15 shows the error percentage of ECM tool
retraction followed by the repositioning and Fig. 16 shows
the graph illustrating the evolution of the current peak value
of the pulses. It has been shown in Ref (Greenwood et al.
1970) that contact between a rigid flat surface and a rough,
fractal surface may be modelled as the contact between two
surfaces. According to research (Heinze 1949, Jana et al.
2017), seal surfaces have self-affine features that may be
approximated using the three-dimensional Ausloos—Berman
function. The following model is applied to compute the
static sealing surface by high precision grinding:

1/2 M M"max

z(x,y) =1 (%)D_z (1717}/) Z Z y@=3m 1)

m=1n=nq

2my™ (x® + y2)§ Y\ mTm
* [COS @; — cos [f cos (arctan (;) - W) + @,

] @

z = the height
(x,y) = the coordinates of surface

The surface roughness is defined by the frequency
spectrum y™, in which y satisfies y > 1; n indicating
the frequency index of asperities.

M = used to construct the surface and denotes the number of
superposed

L =sample length
@, = a random number in the range of 0 and 2p
D (which lies in the domain of 2 < D < 3) = fractal dimension

G = the roughness constant (D and G are independent of y)
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Considering the assumption (Zhang et al. 2018) the
cross-sectional profile of the asperity and pore are as
follows:

z(x) = GP~ 2(lny)2l(3 D) [1 — cos <2 )] o<x<D (9
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4 . Thermal-hydraulic analysis

Energy system operation planning relies on hydro
thermal scheduling. Scheduling of hydroelectric units and
thermal units are the primary issues. The water outflow
from one plant can, however, constitute a major percentage
of the intake to one or more downstream plants when many
hydro plants are located on the same river. In both electric
and hydraulic couplings, a non-linear, multi-dimensional
issue is created. Optimizing the generation in a hydro
thermal system entails splitting up the generation between
hydel and thermal units, in order to minimize the overall
operating cost of thermal plants while meeting all of its
different restrictions. Normally, in short-term scheduling,
it’s expected that a medium-term planning process that
takes into consideration long-term river inflow modeling
and load forecasts has established the target dam levels at
the conclusion of the scheduling period. Hydro power
generation is subsequently allocated to various time
intervals by the short-term scheduler in order to reduce
thermal production costs while fulfilling various unit and
reservoir restrictions. Cascade nature of hydraulic network,
varying hourly reservoir inflows, thermal plants, the time
coupling effect of the hydro sub problem where the varying
system load demand and physical limitations of reservoir
storage are limitations. Artificial neural networks, expert
systems, network flow and linear programming, dynamic

programming, nonlinear programming and mathematical
decomposition are some important solution methods. I-g
iteration, gradient technique, and dynamic programming
methods are the three most commonly utilized solutions for
hydrothermal scheduling problems. However, each has its
own disadvantages. Solving coordination equations in the I-
g iteration approach leads to plant generations that are
beyond plant capacity and even negative plant generations
in some cases. The value of g would vary if plant capacity,
volume, and hourly discharge restrictions were added.
This would need the scheduling mechanism to modify g
such that the restricted variable does not exceed its limit. In
big systems, the gradient technique is proven to be
inefficient (EI-Hawary et al. 1979). Each reservoir’s initial
viable schedule has to be specified when using the dynamic
programming technique with successive approximation
method (Jin-Shyr et al. 1989). As a result, one reservoir is
scheduled while the others are not. This is repeated until
given iterations, or the cost difference between two
iterations is within provided tolerance. Only one reservoir
may be sent at a time; therefore, this approach is not
flexible enough to handle coupling limitations.
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The model could also be written in terms of reservoir
volume instead of reservoir net head
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5. Conclusions

The damage and wear of the labyrinth seal had a
considerable impact on the leakage and temperature fields,
as well as the flow pattern. As a result of damage and wear,
the clearance has been changed, causing an increase in
leakage. Generally, the leakage grows more rapidly than
linearly with the after-damage clearance. Additionally,
damage and wear patterns were discovered to be relevant in
addition to the labyrinth seal itself. It was observed that the
bending curvature and the percentage of tooth length that is
bent were also relevant in determining the leakage in the
case of bending damage. Using adiabatic walls, the current
work examined the temperature field in the rim-cavity to
isolate the influence of labyrinth seal rub grooves on ingress
heating. ECM and related processes are described in terms
of their operating concept and application. The ECM
method may be used to fabricate complex forms with high
material removal rates and good surface quality. It’s a
potential approach for micromachining crucial components
that doesn’t affect the material’s thermal and mechanical
characteristics. Process stability is affected by the
electrolyte flow field, especially for closed integer
impellers. Three-dimensional gap flow simulation model
and theoretical model were developed to increase the
stability and machining quality of the machining process.
Following simulation findings, cathode and frock clamp
designs were developed. A closed integer impeller may be
machined more efficiently with a model B cathode
structure, as shown by the simulation results. During the
ECM verification trials, the cathode and internal flow
channel ECM fixture were evaluated for their logical design
and effectiveness. When employing the cathode of model B,
a fixture, and the appropriate machining settings, the
findings demonstrate that steady milling is possible. A flow
field simulation aided cathode design is helpful and
inexpensive for ECM process closed impeller internal flow
channel, which is an effective way to minimize ECM costs
and increase machining efficiency for the closed integer
impeller. To manufacture irregular vortex paths with great
efficiency and precision by combining the technologies of
ECM, it has a significant practical application value. ECM
is used to prepare for EDM precision machining by
machining interior channels with consistent allowances.
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