ENGINEERING NEWSLETTER

CENTRE OF EXCELLENCE FOR
COMPUTATIONAL FLUID
DYNAMICS ESTABLISHED IN
BHEL

BHEL, long ago, identified application of
Computational Fluid Dynamics (CFD) for
improvement of performance as well as generation
of “know-how” and “know-why” information with
reference to many of its products. CFD softwares,
today, have emerged as important tools capable of
giving valuable insights to the designer to analyse
the behaviour of fluid flow in complex geometries.
These softwares cut down the cost and time which
are otherwise required for physical modeling and
experimentation. To further enhance its capabilities
in this field, BHEL has recently established a Centre
of Excellence for CFD (COE-CFD) at its Corporate
R&D Division. Equipped with advanced software
and hardware and manned by technically capable
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and trained personnel, the COE will cater to a wide
variety of BHEL's products of the power and
industrial sectors.

CFD in Hydro Power Plants :

CFD is extensively applied in the design of hydro
turbine components in the water path ,like spiral
casing, stay vanes, guide vanes, runner blades and
draft tube. Accurate prediction of losses and design
analysis aid in optimization of the performance of a
hydro turbine.

CFD in Thermal Power Plants :

CFD analysis is used in performance improvement
of various thermal power plant components like
boiler furnace, electrostatic precipitator (ESP), bowl
mill, steam turbine blading, exhaust hood, pumps
and fans.

CFD in Industrial Equipment / Components :

CFD is increasingly used in industrial equipment
such as centrifugal compressors, heat exchangers,
electrical machines — to improve their performance
with respect to fluid flow and heat transfer .

Facilities at COE-CFD :
Software

CFXTASCFLOW CFX5.7
FLUENT6.1
STAR-HPC-CD3.15
CFX-TURBOGRID
CFX-BLADEGEN+
PHONICS




e ICEMCFD

o HYPERMESH

o [-DEAS

o AutoCad
Hardware

e High-performance computing (HPC) cluster
with 32 CPU IBM Power 4+, 64-bit proce-
ssor on Gigabit LAN, 64 GB RAM, 2.4 TB
internal storage with additional external
NAS of 1 TB with back-up server and LTO

tape library.

e 40 high-end workstations as network client,
networked peripherals

Pressure distribution of a typical low-head Francis runner

A 77 MW AIR-COOLED TURBO-
GENERATOR WITH STATE-OF-
THE-ART FEATURES DEVELOPED
— FOR HINDUSTAN ZINC LIMITED

BHEL has designed in-house, manufactured and
successfully tested a 77 MW, 11 kV, 3000 rpm air-
cooled steam turbine-driven generator for M/s
Hindustan Zinc Ltd., Chanderia. This generator is
significant in many respects:

i) The tested efficiency of the generator is
98.65%, which is one of the highest in the
world for air-cooled generators of this rating.

ii) The generator is equipped with compact
overhang type brushless exciter, also
developed in-house. The new type of exciter
used in the generator is cost-effective,
occupies less space and is trouble-free in
operation, obviating the necessity of exciter

bearing and its consequent lubrication
requirements.

iii) State-of-the-art VPI (Vacuum Pressure
Impregnation) high-voltage insulation
system has been used, which ensures a long
electrical, mechanical, thermal and chemical
life of the winding, thus making the machine
compact with excellent operating
parameters.

iv) The optimal design of the generator has
brought down the size of the machine, thus
resulting in saving of precious raw materials
like magnetic steel, copper and insulation
materials. This has resulted in reduction of
manufacturing cycle time.

v) The higher efficiency of the generator will
result in considerable saving in energy cost
to the power plants.

BHEL has already secured orders for supply of five
machines of this type.

DEVELOPMENT OF 1550 kVA
UPRATED MODULAR BG AC EMU
TRANSFORMER FOR INDIAN
RAILWAYS — AN MoU PROJECT

BG AC EMU (Broad Gauge AC Electrical Multiple
Units) trains are used for mass public transport
purpose in all metro cities in India. For these EMUs,
the requirement is of a main transformer, choke units
and other accessories like conservator, cooling pipe
work, oil cooler and pump. Looking at the
increasing passenger load, Indian Railways /RDSO
entrusted BHEL with a developmental project to
increase the rating of the present transformer from
1050 kVA to 1550 kVA. Further, they desired that
the complete transformer alongwith its choke unit
and other accessories be made as one modular unit
to be mounted under the motor coach. The overall
weight of the complete  uprated modular
transformer was also required to be limited to 5
tonnes (as against the present weight of 6 tonnes).

This developmental project, also an MoU Project
for the year 2004-05, has been successfully
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The 1550 kVA uprated modular BG AC EMU transformer

completed : one transformer has been designed,
manufactured and tested with the above stringent
specifications.

TECHNOLOGY FOR MACHINING
OF CURVED INTERNAL FIR TREE
ROOT OF BLADES OF 236 MW
NUCLEAR TURBINE DEVELOPED

236 MW turbine blades have curved internal fir tree
root design and are of state-of-the-art technology.
These roots were being machined by Broaching
method using imported broaching fixtures. In order
to obviate import, BHEL has recently developed a
technology for machining of curved internal fir tree
root of blades of 236 MW nuclear turbine on
available CNC machines. The process developed
shall ensure quality of machining as well as reduce
the cost of blades by avoiding import.

In the absence of suitable Indian supplier to
manufacture advanced & highly customized tooling,
it was decided to import the form cutters and
develop the machining technology. A solid model of
the blade root was generated in Unigraphics
CAD/CAM software to analyze the amount of
material to be removed in different areas, and
suitable machining processes were developed. 4-
axes CNC part programs were developed and
special fixture was designed and manufactured.

Form cutters were designed to machine the total
blade root in three stages. In the first stage, rough
machining was carried out for entire form of the fir
tree root leaving allowance. In the second stage,
finishing of the non-bearing surface of the root was
carried out using finishing form cutter for non-
bearing surface. In the final stage of blade
machining, finishing of bearing surface was carried

out using 4-axes CNC programming on 4-axes CNC
milling machine

Unigraphics NX CAD/CAM software was used to
carry out the computer-aided 4-axes part
programming for machining of the curved bearing
surface of the fir tree root. Tapered end mills were
used to open the fir tree slot before using form
cutters. The machined fir tree root was then
inspected. The dimensional accuracy of fir tree form
and surface finish of machined surfaces were found
to be satisfactory.

Machining setup

The expertise developed can be used for machining
other types of internal curved fir tree.

BHELSONIC — A STATE-OF-THE-
ART STEAM LEAK DETECTION
SYSTEM FOR BOILERS

One of the major causes of any boiler outage is tube
failure resulting in steam leakage. Hence the
detection of steam leakage at an early stage is vital to
avoid secondary damage. Conventional methods of
steam leak detection used in thermal power plants
are operator-dependant and, hence, unreliable.
The current technology is to detect the steam




leakage at its nascent stage itself, through detection
of acoustic emission of steam leak. BHELSONIC
steam leak detection system, developed by BHEL,
works on the above principle of acoustic emission
detection.

The system consists of the following sub-systems:
e Sonictube with sensor assembly
o Field amplifier unit
e System panel

In each zone of the boiler, one sonic tube with sensor
is installed, which penetrates the boiler casing and
terminates at the edge of the boiler water wall tubing.
Sound reaching the sensor assembly is converted
into electrical signal and is amplified in the field
amplifier unit. The background and combustion
noise is filtered in the field amplifier itself. Signal from
the field amplifier unit is taken to system panel and
processed further to obtain the steam leak
information in decibel units and is fed to a PC.
Alarm contacts are provided to activate, if steam leak
sound level exceeds a preset limit. 4-20mA DC
current output is also available. Audio output of
steam leak noise is made available in the control
room for the operator to cross check.

The MMl software provided with the system acquires
the sound data, performs engineering unit
conversion and presents the steam leak data of
various zones of boiler in PC monitor. The
presentation format is user-selectable, viz., Bar
graph, Mimic, Trend, Group Trend and History.
Operator is given a complete picture of processed
sound levels in various zones of boiler, indicating
steam leak, if any, in the respective zones.

The BHELSONIC system is designed in such a way
that even in the event of non-availability of PC, the
existing steam leak dB readings , 4-20mA current
output and alarm status will be available without
interruption in the system panel.
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Schematic of BHELSONIC system

HYDRAULIC LOADING SYSTEM
FOR BHEL BOWL MILLS

BHEL, the country's leading supplier of bowl mills,
has recently developed a hydraulic loading system
for the bowl mills, to replace the large mechanical
springs used to provide grinding pressure to the
journal rolls. The hydraulic loading system will
improve the grinding efficiency of the mill and useful
life of the rolls by reduction of wear. It provides better
control on the mill output as the grinding pressure on
the rolls can be varied 'online”. Such a loading
system has been installed in the BHEL-280 mill at
Chandrapur STPS, the largest vertical bowl mill in
the country, after rigorous testing of the hydraulic
cylinders and actuators at high pressure. The system
has been working satisfactorily and continuously
since its installation in March'05.

The advantages of using hydraulic loading system
are: i) Control of grinding force applied to rollers
according to coal feed rate, type of coal, roller wear
etc. online with quick response time, compared to
slow and cumbersome manual process of changing
the journal spring compression off line; ii) uniform
loading in all three rollers, compared to the
individual loading of the earlier system; iii)
dampening of impact forces generated by large-size
nuggets or iron tramps on the bowl which reduces
wear of rollers; iv) choice of automatic, semi-
automatic or manual control of the grinding
pressure.

The hydraulic loading system assembly
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