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Effect of Toxins (Microcystines, Shiga &

Botulinum) on Liver Functions
Moghira Badar, Qamar Mahmood ¥ Fatima Batodl

'Department of Environmental Management, Nationdlege of Business Administration and Economics,drah
National Centre of Excellence in Molecular Biologgniversity of the Punjab, Lahore

Abstract— Lfts (liver function tests) and Rfts (renal functions
tests) values of patients show abnormalities and it is
confirmed swelling of liver and poor filtration rate of kidneys.
S0, drinking water treatment is most needed.

All the blood samples were taking under controlled
environment to keeping the good quality and standards that
support real data for final analysis. LFTs tests are taking by
drawing blood samples from infected persons with the help of
testing machines, it shows average value of ALT and SGOT is
very high as 50 uw/l and 53u/l that is not good sign for liver
health due to high value of toxins in human blood stream
which is confirmed by toxins medical laboratory tests. All
these problems is mainly due to taking bio contaminated food
and unsafe drinking water, so if we make assure the security
and safety about our taking the food as essential component of
life.

Keywords— LFTs, Toxins,
sampling, Medical tests.

Liver Functions, Blood

l. INTRODUCTION
Microcystins are 200 times more toxic and poisoanth
cyanide metal. This toxin has structural variantslude
amino acid substitutions and alterations such ashytation
and demethylation. Drinking water supplies contaated
with Cyanobacteria toxins is a main cause of athdzdzard
for human beings, domestic animals both large amallsand
wildlife animals [1].
Pakistani population is the world's fastest indrens
population and it may exceed to 180 million is olied by
now; it is still growing with an alarming speed ab®.8%
yearly. Current century gives a revolution for ilmypement in
utilization of water and food. We must need to demur
cultivation method and life living styles. Concurtly the
water quality of underground and surface is paanther it is
deteriorating for the reason is unchecked dispolahtreated
industrial and municipal wastes mix in natural sest In this
study, we are identifying the toxins in drinking tem and
blood and then removing from drinking water [2].

www.ijaers.com

It is proved from study, the diffusion between watéd
carbon and toxins improve the taste and ordureoréter to
test the effect of reducing raw water pH on theureabf the
adsorption process value decreases. This increasthe
adsorption capacity can be explained as toxins

predominately negatively charged; therefore, destngathe
pH values the negatively charged organic molecuhese
neutral. According to mechanism of reaction, iteiss soluble
the neutral molecule in water due to no charge@toms or
molecule, so increasing in pH values is very hélffuemove
organic molecules from sample of drinking water [3]

The parameters like light, temperature and humidgite
responsible for water quality as taste, natural esldur and
their effects are showed the presence of organiteman

water reservoirs because these parameters incvatise¢he
dissociation and degradation characters of disdobrganic
compound in drinking water such as toxins and otfiteogen
based compounds [4].

Conversely, observations due to microcystins toxir@m

are

laboratory results presented the toxins which egated by the
cyanobacteria specious as found slow growing. Theom

aspects in measuring for the removal of cyanobiactexin
from water treatment which includes removing thiklsle and
suspended substance removes. Previous studiedhavéng
the some like microcystins, botulinum toxins andgahtoxin
resolvable in water [5].

The aim of this study is to detect the toxins imrmiam blood
samples and their harm effects on liver perfornfiimgtions.

Il. MATERIALS AND METHODS

Human Blood sampling

Collect the random human blood sampling from défer
places were with the frequency of samples (n= 124).
samples were collected by syringe in sterilizedotlwessel
used as container and blood sample 5 ml collecyetblume
and actual capacity of container was 5 ml. The &ratpre of
the day when collect the samples wad@6
Serums of samples were collected after
centrifugation of the samples blood, and startahalysis of

Page | 1
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blood samples. It was used the Chemical reageffibiim kits)
to determine concentrations of following parametershe
serum [6].

Microcystins Toxin Testing Method

The technique involved by the adding of plD of negative
control, each calibrator with each sample put mwrells and

Liver functions Tests
Collected blood samples were homogenised by usimg t
anticoagulant EDTA vial. Analysis the concentrati@f blood
parameters like, Protein, Alkaline phosphatase(ALP)tal
Bilirubin, Direct bilirubin, Aspartate amino- trafiesase (AST),
Alanine amino transferase (ALT), G-glutamyl tramafe

get 50puL of microcystin with added assay diluent and was(GGT) [10].

incubated for 30 minutes on a shaker. Next, add@8dull of
microcystins enzyme conjugate to each well and agaEn
wells for 30 minutes were incubated, after thenwviledls four
times with wash solution.

The step solution was added of substrate to eadh amd
further for 30 minutes incubated. 1QQ of the stop solution
was added to each well after incubation, the cdsteh the
wells change into yellow and measured their optaehsity
with Microplate Reader at 450 nm. The optical dgngalues
given by the reader and toxin concentration inghmples was
calculated from the standard curve from the 3 Catdrs [7].
Testing Method of Botulinum Toxin

The procedure of testing is involved the followistgps for
investigating liquid samples for the identificatiohbotulinum
toxin, Dilution buffer of 50: 1L was added to alkils that hold
a sample, Test sample of 50: L was added to théiatl buffer
and incubated the plates for one hour at’@5temperature.
Washed three times Plates with 200: 1L of ELISA hess
buffer per Well. Detect antibody, was added of 10@o each
sample well and incubated the plates for one hou258’C
temperature [8].

Testing Method of Shiga Toxins

The concentration of residual Shiga toxins aftext ieeatment

was determined by using ELISA, the Premier TM EHEC

ELISA kit (Meridian Bioscience, Cincinnati, OH). Midpoint
standard curves as well as positive and negatingae were
performed to reduce variations among ELISA testihge
cut-off concentration according to the manufactarer
instructions was OD=0.18.

The Premier EHEC test kit utilizes monoclonal &tiga
toxin capture antibodies absorbed onto the bottémmicro

wells. When testing, 100L samples were added to each well

mixed thoroughly with the pipette and incubatedr@m
temperature (RT) for 1 hourof the 96-well platebeil Wells
were washed according to manufacturer’'s instrustion
Volumes of 100uL of polyclonal anti-Shiga toxin antibodies
provided by the kit were added into each well, rdixeell as
before, and incubated at RT for 30 min. Wells weeshed
again to remove unbound antibody. Aliquots of 1Q0 of
enzyme-conjugated anti-lgG polyclonal antibody veatled
into each well, mixed and incubated at RT for 30 [#i.
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M. RESULTS
Concentration of toxins in the blood
All the nations of world are very conscious on Hiirg water
quality, so effective efforts in form of researchdastudy
make on this issue. E. coli related with Coliforamily which
is basic indicator of faecal contamination thabatsown as
disease causing pathogen. Microbial quality is litpta
depending on presence of coliform group E. Cotiogmized
as pathogenic microbes and their metabolise chéoavn
as toxins. In figure 1, it is clearly shown thdtthk toxins as
microcystins, botulinum and shiga have high valimeblood
samples due to eating the contaminated food as asll
drinking water linked with high absorption of togim blood
samples.

3
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2 /
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== Samples
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Fig.1: Chemical Analysisof Toxinsin Blood (Humans)
Samples

Effect of toxins on Liver Function Values

Liver damage situation is a very serious healtligsacross
world due to drinking of bad quality water. Liveuniction

tests are usually represent and recognized as efble

indicator of liver performance of detoxification nfttion.

Inside the liver, enzymatic activity have beenedisip, this is
may be due to synthesis of enzymes, their low tewalicate
that the enzymatic inhibition due to liver injuryithout

specific regeneration. In figure-2, among liver ynes,

amylase GOT, GPT and ALT were elevated in the sespt
human’s blood, it was showing acute liver damagpdtitis),
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while in samples of blood, all these enzymes watgbited
showing hypocondition or dysenzymia.
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Fig.2: Live Function Clinical Test of Humans

Toxins accumulating within the blood were respolesifor
other endergans being damaged. Some of these factors m
due to changes in the cellular component of bldod many ol
these deleterious effects are due to changes irhtineoral
component of circulating blood. These toxins mageaeithel
as a consequence of a failure of normal hepatictifums, or
elsewhere in the body as an ion@ance of simple liver disee.
These toxic factors in the blood affect the functiaf many
organ gstems, such as the systemic and portal vasculahd
the brain, as well as the liver itself. The exaatune of thes
toxins is unknown and may be different and multifde eact
organ system damaged. Ammonia, aromatic a-acids,
tryptophan, indoles, mercaptans and endogent
benzodiazepines are implicated in the developmémepatic
encephalopathy [11].

Effect of high values of liver functions on human balth
Water sources treatment is only solution of thesblpms; in
this case we use the gpdation process with ferric chloric
solution of different doses. In this study, it f@®ved tha
microcystins are removed using the concentratiorfeafic
chloride dose is 16 mg/l. Liver function tests walso playec
very important role to know thactual working positions ¢
liver function, so values of Rfts indicated the abmalities of
liver in cows and buffaloes due to continues takihg
microcystin toxins from water and food sour

Results clear about amylase activity in the pre
investigation increased in both of samples of cows. Ang
is secreted by the exocrine region of pancreasammalians
system by help of liver function. The increasedvitgt may
be due to pancreatitis or due to the damage ofathglase
secretary cells insidbody. There is also the possibility tt
greater amounts of amylase were secreted intortiestine
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which causes the consequently enhanced starchtidigesnd
transferred itself to the degradation products pddal blood
and then into liver and patic cells through assimilation,
which may also be caused for hyperglycemic respan:
animals.

IV. DISCUSSIONS
In developed countries water treatment and samitatias
removed the problem of diseases such as typhoiccholéra.
These diseases, however, among other water reissees
remain a serious problem in developing countriesddtn
water treatment prosses control the spread of water relz
disease; remove numerous contaminants, such asio
chemicals and heavy metals, producing safe wateweier
the presence of pharmaceutical residues, disiofecthy-
products, and the possibility of disease ing agents as
Cryptosporidium which are unaffected by common we
purification processes and so, need of new tred
technologies for this purpos The single largest consumer
issue affecting potable water under developingestas oft
flavour. Off-flavour is caused by compounds in water thai
known for their undesirable taste and odour chermtics. A
survey conducted of more than 800 water usageshé
America and Canada found the 16 % of utilities elgmee the
serious taste and odour prems, spending approximately 4.5
% of their total budget for taste and odour cor[12].
Whereas, prostanoids, inflammatory cytokines, aitside anc
oxidative stress, are all considered to be impofstiors in the
development of the haemodynamic and renal charegss is
liver failure. It is, however, the substances theg directly
hepatotoxic that are particularly important in ternigecovery,
as they may perpetuate liver injury invoking a dexand spiral
with further reduction in functional liver mass aimtreasec
toxin load. It is notable that many of the sugggdtexins are
insduble in water and exist in the circulation boundatbumin
[13].
Previous research and studies have been showirgotie
solution of treatment of drinking water io measure the mass
of activated carbon first and then put it into agared bottle
used as vessel. A thrilling bar put inside the botkien it was
sealed with cover of aluminium. On weighing machiimevas
calculated the mass of activated carbon, bottlessinding bar.
Then 27 ml of ultrggure water was added to each of bottle
boiled them for 3 minutes for remove air from the \aateéd
carbon bottle. After some time, cooling down thetlboto
normal temperature and then it was measured totagh
difference after and before boiling process. Toeadthe on¢
litre of samples of dierent water and Then mass of the bc
calculated and recorded on data book, finel4].
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bloom of microcystins, Coagulation had an abiliyetiminate are better than late intensive care for the bragai¢w).
the toxins in water samples in several studies.s&hstudies J. Hepatol., vol. 41, pp. 152-155, 2004.

tested the coagulant as Aluminium sulphate in difie [5] da Hora VP, Conceicdo FR, Dellagostin OA, Doolan
concentrations. Coagulation and clarification stedhave had DL. Non-toxic derivatives of LT as potent adjuvants
mixed results on cell lysis and the subsequentaseleof Vaccine, vol. 29, pp.1538-1544, 2011.

cyanobacterial algal toxins [1]. [6] de la cruz, A. Can we effectively degrade Microms?

Nitrogen based biological compound inside sampfesanal
water can be detached by aluminium sulphate seifitige

matter is based on organic compound a minor in tifyan

Pietsch et al. (2001) initiate that the removahitfogenous
matter is problematic to attain with simple coagola in
some cases and the nitrogen based compound achektay
microbial degradation and zonation processes [8p, 1

For this purpose, use the activated carbon fileeprocess is

used in this research. It is achieved toxins rembyahelp
with using the drinking water filtration processden filtered

Implications on Human Health. Anti-Cancer Agents in
Medical Chemistry, vol. 11, pp. 19-37, 2011.

Ho, L., Lambling, P., Bustamante, H., Duker, P.,
Newcombe, G.. Application of powdered activated
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Abstract— Water is a very important nutrient and responsiblemessaging between clinicians and public health rteyats

to maintain good health as well as proper perforgnihe

body functions, Water can remove the harmful toftims the
body.

Infective disease produced by pathogenic microbike |
bacteria, parasites and viruses including their atetlites as
toxins are the known as most common and commothiresd
which connected with unsafe drinking water. It ipected;
around 1.1 billion people worldwide have to drinksafe
drinking water per day. More than 95 % of thesettgare
possible in low-income countries, where numerouses like
malnutrition, poor hygiene and sanitation create immune
deficiencies and specially factor such as unsafakdrg of
water strongly affected on it.

In the present study, C. Botulinum as bacterialcgpes and
its related toxin botulinum toxins are detectedsamples of
ground water, water storage tanks and canal wateat low
values of toxins present in ground water sample hiyh
values find in canal water sample.Coagulation pssis used
for removing the Botulinum toxins from drinking emsource

[1].

The types of C. Botulinum from A to G are differdnt only
the antigenic characteristics found in the neuro®xvhich
they produced. C. Boulinum with Types A, B, E, amdly F in
rare cases found which cause illness in humansaaimals.
Especially C. Bolulinum with Types C and D causeess in
mammals and birds and type G are identified in 18A&h
cause of infection in humans or animals [2].

The word of Botulism read from the language Latis
botulus, and its meanings is sausage. Botulism wasl first
time familiar in Europe and several cases werestegd
which caused by house fermented sausages. Hidbprica
importance, four different forms of botulism carsebve, but
depending on the mode of reaction of these toxideund
infection botulism is produce by c. botulinum tmatiltiplies
and then produce toxin in a contaminated wounduofidn or
animals. Botulism is due to the harmful productafntoxins
by spores of C. Botulinum in the intestine, andnFager or
adult infected mostly [3, 4].

and giving the amazing results as show 92-97% soxinBotulism is a thoughtful and unusual, paralyticedise which

removes from drinking water samples by using thegolant
aluminium sulphate.

Keywords— Botulinum Toxin, Coagulation process, C.
Botulinum, Removing toxin, Aluminium Sulphate.

l. INTRODUCTION
C. Botulinum was first discovered by E. van Ermenga
1897 afterward his study on foodborne microbes dirdase
in Ellezelles, Belgium. Botulism is Foodborne mizeoand
found rare, but contaminated products with this regyosed
to humans and animals. C. Botulism can produce
neuroparalytic illness causing by the contaminatigth it.
Foodborne botulism can create an emergency of &alexhd
a public health and to avoiding this problem neéfdctve

www.ijaers.com

caused by neurotoxins produced by the common bacter
specious as name Clostridium Botulinum, C. Botutifiound
all over the world in samples of soil and oceanimsedt.
Usually, the bacterium can survive in the spediafirenment
as a resting spore. On the other hand, in low axyge
environments (anaerobic) such as in case of cafmads,
intestinal tract, deep wounds and spores germmatamvert
into active bacteria, then it multiply with passaife¢ime and
produce neurotoxin. C. Botulinum creates 8 typedifiérent
toxins (from A to H), which are known as the mosbisg
toxins. Botulinum toxin is produced by Clostridium
Botulinum which is a gram-positive anaerobic bdataer
group. Clinical disease related to botulism can takeela
with ingestion of contaminated food and then setdiet of
bacterial growth inside the gastrointestinal trd¢te infection

Pagq 5



International Journal of Advanced Engineering Resesdh and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.11.2

[Vol-3, Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

due to c. botulinum as wound infection can alsoseaaf
spores transformation from person to person [5, 6].

Our study goal is to identify botulinum toxins inffdrent
samples and remove the toxins of botulinum speug#sg
coagulation method with economical ways.

Il. MATERIALS AND METHODS
Area of Study
Sheikhupura is a city of Punjab, Pakistan whiclocated
about 36 Km from Lahore. Sheikhupura lies 31° 4216
"N latitude and 73° 59' 3.49" E longitude. The diywell
connected with its surrounding big urban centrdse i

Agar Base Media composition is used and media isolu$
prepared as the Suspension prepared by dissolvingre8ns
media components in 500 ml ionized water and theat h to
its boiling state for complete mixed medium. Sieel at
121°C by autoclaving at pressure 16 Ibs at timemiButes

and then keep the temperature from 50-55°C to avoid

microbe’s contamination, aseptically add sterilenflOof Egg
Yolk as Emulsion. Allow mixing well and transfergrinto
sterile Petri plates for microbial growth [7].

Incubated the Petri plates at %7 for the period of 24 hours.
This process was repeated to other water samplehi$otest.
Appears the colonies after incubation on the notrégyar and

Faisalabad 94 Km, Sargodha 143 Km and Gujranwala 54number of positive (NP) samples recoded for thiseaech.

Km. Sheikhupura is also a railway junction. Impoda of
Sheikhupura city is due to its commercial zones lange
number of industrial units which can contaminateéena
Ground water sampling

Random ground water samples were collected frofereifit
houses by water pump with power capacity 1 horseepand
the frequency of samples (n= 116). In this areaugdowater
70 feet below from earth surface. All sample atllén
sterilized PVC bottles. The bottles were filled topl00 % of
the volume capacity (1 L). The temperature wad@@t the
time of sample collection [7].

Sampling from water storage tank

Random water samples were collected from differgater
storages tanks of houses with the depth of 0.5nfragdiency
of samples (n= 116). The average height of stotagks was
7+0.9 feet and width 3+0.4 feet and the temperatfitbe day
at sampling was 27C. All samples were collected in
sterilized PVC bottles and were filled 100% of tume
capacity (1 L).

Canal water sampling

Random canal water samples were collected fronergifit
source points and the frequency of samples (n= A0).
samples were collected in sterilized PVC bottlesctviwere
filled 100 % of the volume capacity and actual ityeof the
bottle was 1 L. The temperature of sampling day ¥&C.
Analytical methods

Parameters like turbidity and colour were analysed a
spectrophotometer (Shumedzu 2011),

Final confirmation was made by biochemical reaction
Confirmatory Biochemical Tests for C. Botulinum growth
Further confirmatory test for C. Botulinum growthavoiding
the any error in this research, conduct the biodétenmand
physical tests as below.

Catalase and in dole Tests

C. Boulinum confirmatory test method is involvedrslard
test method as When bacterial growth mixed witlgees, if
reaction give colour red to yellow, test will besftore and
indicate presence of microbial growth [8].

Gram Staining

The microbial growth from media was spread anddfige a
clean glass slide and stained by putting the caliyernamed
as crystal violet on slid for 30 seconds and theshed it with
distilled water. Then Gram'’s iodine was added ofoit 10
seconds, after this,
decolourised as 95% Acetone alcohol solution ande@d
finally safranin as secondary dye for 30 secondisalFstep
was washed with tap water and dried in normal lkirs
observed the slide under microscope with oil imioers
objective of power 100X [9].

Aluminium Sulphate (AS)

Aluminium  sulphate with a chemical formula
Al (SOy)s- 14H,0 was used in these experiments. Different
composition of solutions (5 to 30mg/l) was prepausihg AS
as calculated amount of salt dissolved in deionigatér. The
flocculation/coagulation process under condition rafid

according to thmaixing regents and chemicals on (116 rpm) for mgxtime

recommended procedure by the Standard Methods (APHAZ min) and for slow mixing use (27 rpm) and , tichgation

2005). pH was determined by using a pH digital mgteloria
2011), operating under the manufacturer's methagolo

(11 min) [10].
Toxins Detection Methods

Removal of toxins was examined by using the Uteim&hOnly ELISA method is used for toxins analysis whisl
method (1958) which includes the sediment organismsvery useful and reliable in analytical testingdielThe samples

counting on an especial chamber under an
microscope of good quality [1].

Isolation and ldentification of C. Botulinum
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invertadere analysed inside Chemical Bio-Tech laboratpsesffed

with technicians and they skilled to handle theelyafibout
botulinum toxin. Every day, fresh reagents werepared
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from standards solutions in distilled water. Prepathe each

Table.2: Water Analysis Data of different Samples

sample was in its own container and labelled with . Botulinum Toxin
identification number of sample that also noted iaboratory Sampling Type Mean+S.D| Range
record book with particulars of the sample prepanatBefore Canal water samples 10.540.7 9115
analysis of each sample, the verification of sta&ftorded (mg/l) e '
about the sample identification with number on m@e data Storage Tanks water samples

sheet. After complete the analysis, sample resetisrded on (mg/l) 1.2+0.1 0.3-19
the sample data sheet. All test samples were ttimes Ground Water samples

repeated for analysis [11]. (mg/l) 12:01 0.5-1.4

Il. RESULTS

Microbe C. Botulinum detection and Toxins Analysisin
drinking water samples In table-3, could be seen that aluminium sulphate create good
Toxins concentrations in the canal Water sampleateW resuits to remove the toxins from canal water sasiy
storage tanks samples and ground water samples Wg[§ng high dose of coagulant because canal watserotd
monitored using ELISA method which is very reliali® a  often time highly contaminated with carbon basessalived
detection toxin from microbes. To find the differen gojig Jike as microbes biomass and their metatmtietoxins.
concentrations of toxin level in different samplasd there powever, these organic materials have great capazibe
was seen that in canal water samples the toxirisvetty high  gissolved in water and make the source of contatinima
values as Botulinum toxin (10.5+0.7) mg/l with rangf 9-  commonly in canal water.

11.5 as shown in table-1. The toxins with very Malues was  Taple.3: Data of Aluminium Sulphate as Coagulans@ofor

Effect of coagulant aluminium sulphate on Botulinum
toxins removing

observed

in ground water samples as botulinum toxin

Removing Toxins from Canal Water Samples

(1.2+0.1) mg/l and in range 0.5-1.4, respectivedyshown in -
Botulinum Botulinum Botulinum
tables 1&2. Coagulant . toxin (mg/l) :
toxin(mg/l) toxin after
: i i in Di Dose (Actual value) (after treatment (%)
Table.l: Detection of M'::rolbeg in Different Watem$les (mgl) treatment)
naysis — Mean | Rangeg Meanp Rangde Megn Ramge
Water Storage | - o nd water | Derectionin 5 105 | 9115 9 | 510 8571 8346
Tanks samples les (9 Canal water
Microbe (%) samples (%) | oo mples (%) 10 105 | 9-11. 7 3-89 66.6p 6348
MeaniS. | Ran | MeaniS. | Ran | MeaniS. | Ra 15 105 [ 9-11.9 S 1-7 47.6] 45-49
D g D g D ng 20 10.5 | 9-11.5 3 0.5-§ 28.5f 26-49
C. 47 38- 90 25 10.5 | 9-11.5 1 0.5-2 9.54 7-11
Botulinu | 49+1.2 50 40+1.2 43 9242 -
m 95 It is clearly seen in table-3 that value of Botulim toxins had

1 % values with range 2-3 at AS dose 10 mg/l am@ 9%
values with range 7-11 respectively found at saazgyalation
dose 25 mg/l. it means that percentage of abovengialues
show removal efficiency of different toxins by ugirthe
Aluminium Sulphate coagulation and further ideecisated
that need of high dose for proper coagulation @®de canal
water samples.

During sampling process, It was came into our meotiwat all
the animals and some human use canal water as soecce
of drinking and domestic purpose. The high level
confederation of toxin in canal water is the badbicsource of
disease of liver, skin and disorder stomach functfor
equally both animals and humans as well.

Several factors contribute to the production thent® like

environmental condition and nutritional requiremest C.
botulinum can grow in surface water as faster amxint
botulinum produced quickly. Only microcystins toxXimit is

1 mg/l under the WHO in drinking water but othexits like

botulinum have no standard limit given in qualifydsinking

water. Water temperature varied from 11 to°@0during our
study due to extreme change in weather conditi@utab6 to
20 °C, such changes temperature are characteristi¢chfer
area. Table-2 was showed the concentration of Bl

toxins found in different types of drinking wateansples that
depend on presence of microbe C. btulinum in qtyabtit

these values of toxins are not in normal range.

of
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Gradually used the aluminium sulphate in differdose for 0.5- 0.3-

removing of toxins because here objective was tual fi 2 1 1.2 0.5 0.7 50 47-53
optimum dose value for treatment of water to drgki 0.5- 0.1-

purpose. Increase the dose of aluminium sulphatewise is 2.5 1 1.2 0.2 04 20 18-22
the chance to minimise error in these batch exparim 0.5- 05-
Actually, in under developing countries facing f@blems | 3 1 1'2 0.0 0-02] 1 1'7

related with water treatment is badly effected dige

mismanagement of handling the chemical dose inwatign The greatest toxins reduction was observed in tlemw

process which may show un- effected results on rwate
. . Storage tanks samples and ground water samplese \9bed
treatment properly and appears the toxic effectspoblic

o % and 97.0 % toxins removal (figure 1,2&3) wererfdwvith
health by drinking. - .
. . . aluminium sulphate (4 to10 mg/l) by concentratiBaen uses
In general, organic molecules as toxins remove®®%- in

. - of Aluminium sulphate with Lower dosages effectioe the
these results with treatment of coagulant aluminguiphate P g

. . ) destabilization of toxins and other organic materlzecause
using the different dose that depend on conceatratf toxins of amino groups in the toxins have high charge itens
in drinking water as seen in tables (3,4&5) in eliéint group 9 g

Figures (1, 2&3) were gave a critical picture inieththis
Samples. g ( ) 9 P

- research came on one point that hazards toxingiinki
Table.4: Data of Aluminium Sulphate as Coagulans&ofor P . dg
. . water sources were able to remove using the differe
Removing Toxins from Storage Tank Water Samples

chemical treatment process but aluminium sulphatsing

Coagulant| ~ Botulinum Botulinum Botulinum could be applied in control range for getting theximum
Dose toxin(mg/l) | toxin (mg/l) toxin after removing efficiency. And dosing of aluminium sulpha
(AS) (Actual value) | after treatmen{ treatment (%)| genends on nature of toxins concentration in difietypes of
(mg/l) | Mean| Range| Mean | Range| Mean [ Range| drinking water sample.

0.3- 0.8- The treated water was observed as lowest valutseicanal
2 1.2 1.9 1.1 15 91.66| 89-93 water as (0.7-0.8 mg/l), water storage tanks aD@5 mgl/l,
0.3- 0.6- ground water as 0.31-0.1 mg/l previous up and laues of
4 12 1.9 0.9 1.2 S 74-76 treated water as seen in tables (3,4 & 5). The vainof
0.3- 05- dissolved organic carbon as toxin and other orgamédter
6 12 g | 97| g9 [°833| 5660 was increased with the removal of turbidity andocoland it
0.3- 0.3- is reported the presence of toxins and dissolveghnic
8 1.2 19 0.2 05 16.66| 14-18| carbon can be removed effectively with treated #heminium
03 o1 sulphate as a coagulant in high concentration.
10 1.2 19 0.1 0.2 2.5 2-3 .
: : Chart Title

In table-5, it had significantly observed the lowlues of
toxins seen in ground water drinking samples aeddhvalues
were much correlated with table-4 because grounterwa

B Coagulant Dose (AS) (mg/1)

Shiga Toxin Values after treatment (%)

stored in water storage tanks. 91.66 75
58.33
Table.5: Data of Aluminium Sulphate as Coagulans&ofor 5 4 6 g16.66 19 55
Removing Toxins from Ground water samples - — -
Botulinum Botulinum Botulinum
Coagulant . . 1 2 3 4 5
toxin(mg/l) toxin  (mg/l) | after treatmen
Dose (Actual value) | after treatmen{ (%) ; ; :
(mg/l) ° Fig.1: The graph shows the different dose effeateomoving
Mean | Range| Mean| Range| Mean | Range toxins in samples of drinking water storage tank
0.5- 0.5-
1 1 0.9 90 89-92 . . -
1.2 1.1 Given the results in tables (3,4 & 5) indicate trethove of
- - toxins with organic matter of low molecular wei ends
15 1 0.5 0.7 0.4 70 68-72 g : gep :
1.2 0.9 on the coagulant concentration and need to usesthisig
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coagulant for canal water treatment for drinkingpmses.

This is also formation in literature that by-prothuc

The organic compound maximum removals observedén t chlorinated water likes as trihalomethanes theeefwill be

samples of
samples waters with low values of Botulinum as shaw
figure 1, 2 & 3 and it is also reported that thenosal
efficiency of coagulant depend on its molecularghéi

The results in tables (1&2) showed the presenckeacferial
C. Botulinum and toxins was noted higher in canatew as
compare to water storage tank and ground water lsampo,
detection of bacterial group in a large number iegpthat the
contaminated drinking water may be
increasing number of water borne diseases in thatop It is
evident from the study that water quality furtheteatiorated
at the consumer level [14].

Chart Title

B Coagulant Dose (AS) (mg/I)

Shiga Toxin Values after treatment (%)
85.71

66.66
47.61
5 10 15 2028.57 2595
— _— | ||
1 2 3 4 5

Fig.2: The graph shows the different dose effeateomoving
toxins in samples of Canal water

After the coagulation treatment with aluminium $dfe with
high dose, the toxin decreased about 0.8 mg/l irstnadl
samples of the treated water. Figure 2&3 showed thea
drinking water is fusible is useful for drinking chrother
domestic uses.

Chart Title

B Coagulant Dose (AS) (mg/I)

Shiga Toxin Values after treatment (%)

90
70
50

20
1 15 2 2.5 3 1

1 2 3 4 5

Fig.3: The graph shows the different dose effeateomoving
toxins in ground water sample
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canal, ground water and water storag&st

less but organic matter mostly found in non-hunaicrf with
low weight.

V. DISCUSSIONS
Identification of C. botulinum in water samplesrrarea of
city Sheikhupura was not thinkable due to non-psifenal
way to control the quality of drinking water. Phyadi
condition of temperature, light and humidity is wexffective

responsible foon producing water borne pathogens and their mktavwo

toxins. In the study, the pathogenic Microbe C Baowh in
samples of potable water is relative to sources of
contamination [12, 13].

In the present study, these results had showed some
similarities observed as in under developing coesttike
rural area of Pakistan has not correct quality ghkihg
sources of water for domestic purposes. Same sedatived
as given by the study’s results from Broaisal (2011),it
reported that in most of the developing countrihs, quality
of drinking water very not good as find some baater
specious as per 100 ml of potable water used inedtm
purpose. The recommend drinking water values ofiraits
under WHO guidelines is 100 ml per sample for detgahe
total coliform group [15].

Toxins removes from drinking water samples by usiing
coagulant water treatment and boiling is also gihare than
95% result for toxins removing. The diseases i.iarfoea,
Dysentery, Gastroenteritis, Typhoid fever and Cteoland
other water related nosocomial infection in healhe setting
may be the result of consumption of such pollutetiew[16].
The spores due to C. Botulinum, present in soil #mh
germinate for the produce of toxins and it causgéthfecting
the drugs that are contaminated by spores. Woundidra is
very common form in the UK and There have 100 cihi
cases diagnosed of wound botulism from 2002 to 2007
All related cases are illegal injecting drugs [17].

Infected injection is one cause of accidental bstulin
pharmaceutical preparations may cause of botulinum
neurotoxin, Such as four cases registered in Deee®04 in
state of Florida, cosmetic injection with contant@th with
botulinum toxin that was not allowed for human msggs. It is
not cases reported in the UK, but Inhalation ofubsin has
confirmed as three cases reported by veterinahntei@ns in
Germany in 1962. C. boulinum toxin is a high possioute
for releasing. Botulism due to Water borne may ab&o
produce by ingestion of toxin. Accidental inhalatiootulism,
three cases were registered [18].
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This group is belong to bedrail specious and predtie
Botulinum toxins, Our findings reveal the preserafeC.
Botulinumin 67% in drinking water samples collectedm
water storage tanks and 45 % detect in ground viatéhis
study as given in table-1. The C. Botulinum andtdsins
represented as faecal pollution of potable watdrthis is also
an indicator organism as pathogenic if detectedain sea
foodstuff and any other foods. C. Botulinum denaiessk
alarm of public health and C. Botulinum knows athpgenic
bacterium [19].

In case when the long-time abdominal
catheterization of bladder toxicities feeling isealdy reported
due to producing C. Botulinum and their toxin. Tikelation
rate of C. Botulinums was significantly greater sSammer
months than in winter months in drinking water sdimples
from khanpur rural area in city sheikhupura, retipely.
Samples of the study area were contaminated with
Botulinum during three successive study years asplaled
some toxicity level in blood samples as given iolgal. The
always occurrence of organism and their toxins shbes
unhygienic condition of quality of drinking waten specific
region. Both anthropogenic and from animals are rttan
source of contamination of this microorganisms tmehe
drinking water reservoirs was remained unprotect apen
and facing activities of animals and human. Morepvke
chlorine treatment of potable water for domestigopses was
insufficient before the proper chlorine treatmeti,[21].
Botulinum toxins producing rate depend on C. Botwn
bacteria, high concentration of botulinum toxinsrsé canal
water as see table-2. Botulinum toxins effectedparalysis
disease directly both male and female, and this s&en
during interviews before sampling [22].

V. CONCLUSION

Almost the world’'s population now presently faciribe

deficiencies of potable water with better qualityth using of
correct and applicable technology or water purifass above
methods for domestic water are a wonder full sofutif these
problems with very low prices.

The removal of toxins inform of organic matter waanage
to minimise the toxicity in the experimental stefrem

drinking water samples. Coagulation experimentsdaoted
to know actual effective and improved dose usedptimise
for coagulation process for maximum removal of nexirom
drinking water. Selected aluminium sulphate coaguia
dosing (10mg-27mg) for treating the contaminateiehkiing

water from different samples canal water, wateragfe tanks
and ground water, this dose does not causes ofitypxo

www.ijaers.com

human and animal health as the aluminium residtessept in
drinking water supplies.

Hygiene information is very important for betteilimation of

safe water drinking. Moreover, the procedure inedivfor

drinking water management system and how to stothea
domestic level, it is need to increase knowledg@ndividual

and community about the awareness of water hygame
public health.
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Abstract— Shell and Tube Heat exchangers are the most
common type of heat exchanger widely used in oil
refineries, automobiles, aerospace applications because it
suits for high pressure applications. An effort is made in
this paper to design Shell and Tube Double Pass Heat
Exchanger with helical baffle and comparing with
segmental baffle using kern method. The helixangle of baffle
is varying from 0 to 50 degrees .The paper also consists of
thermal analysis of a heat exchanger with helical baffles
using the Kern method, which has been modified to
approximate results for different helical angles. The result
obtained shows us a clear idea that the Overall heat
coefficient is maximum in helix changer as compared to
segmental baffle. The pressure drop decreases with the
increase in helix angle. Helix angle of 6 degree has better
heat transfer than the one with an angle of 18 degree as it
expenses pumping cost.

Keywords— Kern method, helical baffle heat exchange
helix angle, heat transfer coefficient, pressureatr, shell
and tube heat exchanger.

l. INTRODUCTION

Generation of Motive Power was the Mother of Heat

Exchanger Invention. The role of heat exchangéws serve
in a straight forward manner i.e. controlling thetem’s
temperature by adding or removing the thermal gndry
other words, a heat exchanger is a device in whiet
transfer from one fluid to another fluid occurs.eTheat
transfer device, used since the dawn of civilizgtis a
simple boiler for preparation of food, placed abaweopen
fire. A good Heat exchanger is a true Mediatomédiates
the process by doing the action called heat tran3fiee
elementary steam boiler is considered as the fiesit
exchanger. There are different types of heat exgdran
which are classified on the basis of nature of lkegahange
process, relative direction of fluid motion, desigmd
constructional features and physical state of fuideat
exchangers being one of the most important heata&sm
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transfer apparatus in industries like oil refinirdpemical
engineering, electric power generation etc. aregded
with preciseness for optimum performance and l@rgice
life.

A. Shell and Tube Heat Exchanger:

Highest Thermal performance is the key factor deiging
the efficiency of any shell and Tube Heat exchar{@ér
Shell and Tube Heat Exchanger (STHE) consists leuof
tubes enclosed with in cylindrical shell pass tiglouthe
tubes and second fluid flows between the tube &edlss
The basic components of a shell and tube heat egehs
are tubes, tube sheets, shell and shell Nozzlés side
channels and nozzles, channel covers, pass dindéftes
etc. Most commonly used STHE have large heat teansf
surface area-to-volume ratios to provide high heatsfer
efficiency in comparison with others. Shell and dufreat
exchangers with segmental baffles have low heaistea
co-efficient due to the segmental baffle arranggmen
causing high leakage flow by passing through that he
transfer surface and high pressure drop that caadeig
problem for industries as the pumping costs in@gas

B. Developmentsin Shell and Tube Heat exchangers:
Shell-and-tube heat exchangers (STHXs) are widshd
in many industrial areas, such as power plant, atem
engineering, petroleum refining, and food procegsetc.
The developments for shell and tube exchangerssfocu
better conversion of pressure drop into heat teansé.
higher Heat transfer co-efficient to Pressure datjp, by
improving the conventional baffle design. With ding
segmental baffles, most of the overall pressurep deo
wasted in changing the direction of flow. This kioidbaffle
arrangement also leads to more grievous undesiedtalets
such as dead spots or zones of recirculation wtachcause
increased fouling, high leakage flow that bypagbesheat
transfer surface giving rise to lesser heat transie
efficient, and large cross flow. The cross flow rootly
reduces the mean temperature difference but carncalsse
potentially damaging tube vibration. To overcomee th
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above-mentioned drawbacks of the conventional setahe
baffle, a number of improvements or structures were
proposed to obtain higher heat transfer coefficidotv
possibility of tube vibration, and reduced foulifagtor with

a mild increase in pumping power. The improvement
process includes use various types of baffles sagh
deflector baffles, disk-and-donut configura- ti@pacing-
optimized baffles (Mukherjee, 1992; Saffar-Avval dan
Damangir, 1995; Li and Kottke, 1998; Stehlik and
Wadekar, 2002; Bell, 2004; Soltan et al., 2004).il&vh
maintaining a reasonable pres- sure drop acroshéhe
exchangers, the principal shortcomings of the cotioeal
segmental baffle still remain in above-mentioned
improvements. Further improvement is to adopt a type

of baffle, called helical baffle, which is the majconcern

of the present paper. This type of baffle was finstposed

by Lutcha and Nemcansky (1990) and then enhanced by

Stehlik et al. (1994) and Kral et al. (1996).

C. Helical baffle Heat Exchanger: The baffles are of
primary importance in improving mixing levels and
consequently enhancing heat transfer of shell-ahd-heat
exchangers. However, the segmental baffles havee som
adverse effects such as large back mixing, foullmgh
leakage flow, and large cross flow, but the main
shortcomings of segmental baffle design remain [5]
Compared to the conventional segmental baffledl strel
tube exchanger Helix changer offers the followiremneral
advantages. [6]

1. Increased heat transfer rate/ pressure drap rati

2. Reduced bypass effects.

3. Reduced shell side fouling.

4. Prevention of flow induced vibration.

5. Reduced maintenance

Research on the helix changer has forced on twwipte
areas.

1. Hydrodynamic studies and experimentation onsttnel
side of the Heat Exchanger

2. Heat transfer co-efficient and pressure dromlisfion
small scale and full industrial scale equipment.

Fig.1: Helical baffle shell and tube Heat Exchanger
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D. Kern Method

The first attempt is to provide methods for caltingshell-
side pressure drop and heat transfer coefficieme weose
in which correlations were based on experimentéh diar
typical heat exchangers. One of these methodseisveil-
known Kern method, which was an attempt to coreetzta
for standard exchangers by a simple equation aoatotp
equations for flow in Tubes. However, this methad i
restricted to a fixed baffle cut (25%) and canraecuately
account for baffle-to-shell and tube-to-baffle lagks.
However, the Kern equation is not particularly aete; it
does allow a very simple and rapid calculationhdllsside
coefficients and pressure drop to be carried out las
been successfully used since its inception.

E. Literature Review: Lutcha and Nemcansy upon
investigation of the flow field patterns generabgdvarious
helix angles used in helical baffle geometry fouhdat the
flow patterns obtained in their study are simitaptug flow
condition which is expected to decline pressurghatl side
and increase heat transfer process significantghlig et al
studied the effect of optimized segmental baffled helical
baffles in heat exchanger based on Bell-Delawarthode
and demonstrated the heat transfer and pressutmealec
correction factors for a heat exchanger.

Gang yong Lei et al [1lhave showed the effects of baffle
inclination angle on flow and heat transfer of aathe
exchanger with helical baffles, where the helicaflbs are
separated into inner and outer parts along thealradi
direction of the shell. While both the inner andesthelical
baffles baffle the flow consistently, smoothly agently,
and direct flow in a helical fashion so as to e heat
transfer rate and decrease pressure drop and impact
vibrations, the outer helical baffle becomes eadier
manufacture due to its relatively large diameterirofer
edge.

Kral et al (1996) discussed the performance hegtangers
with helical baffles based on test results of ussibaffles
geometries. A comparison between the test datahell s
side heat transfer coefficient versus shell-sidesgure drop
was provided for five helical baffles and one segrale
baffle measured from a water—water heat excharggain
the case of 40helix angle behaved the best. Wang (2002)
measured the flow field in STHXs with helical ba#lusing
laser Doppler anemometry. He pointed out that fiterum
helix inclination angle depends on the Reynolds Inemof
the working fluid on the shell side of the heat letager.
Dr.B.Jayachandriah et al compared the segmentdlebaf
with the helical baffle and found that the effeofshelix
angles on pressure drop are small when helix agrglater
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than 18 degreeShinde et al, [6] has done analyses the helical baffles results in significant increasenmat transfer
conventional segmental baffle heat exchanger biyguie coefficient.

modified formulas of Kern method with varied shsitle

flow rates He evaluated form his results High Heat I. OBJECTIVE OF THE PAPER

Transfer Co-efficient and lower pressure drop amrem This paper contains comparison of helical baffleathe
effectively obtained in a Helix changer. The floattern in exchanger with segmental baffles. The Main objectiy
the shell side of the continuous helical baffletteeahanger this paper is to show that the helical baffle ieside STHE
is rotational & helical due to the geometry of donbus has greater heat transfer coefficient and can herated

with lower pressure than the segmental baffle.

Il DATA COLLECTION
Table.1: Fluid properties

Property Symbol Unit Cold water | Hot Water
(Tube) (Shell)

Specific heat ¢ KJ/Kg.K 4,178 4.179

Thermal K w/m k 0.608 0.618

Conductivity

Viscosity M Kg/m.sec 9.040x10 | 7.74x10

Prandtls Pr - 6.11 5.31

number

Density P Kg/m® 1000 1000

Table.2: Geometrical parameters-Shell Sde

S.NO DESCRIPTION UNIT VALUE
1. No. of Passes - 2
2. Shell inner DiameterD, m 0.387
3. Shell outer DiameterD m
4. Tube inner diameterd, m 0.0254
5. Tube outer diameted | m 0.0220
6. Number of tubedN, - 40
7. Tube pitch (Triangulary m 0.031
Baffle inclination anglé/ Deg 0to 30
Baffle spacing B m 0.2322
10. Baffle cut - 25%
11. Mean Bulk Temperature Deg 31.6
12. Tube length, | m 6
Table.3: Geometrical parameters-Tube Sde
S.NO Quantity Symbol Value
1. Tube side fluid Water
2. Tube side mass flow rate m 35.28 Kg/sec
t
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3. Tube outer diameter od 0.0254 m
4 Tube thickness - 0.00124 m
5. Number Tubes N 41
6 Mean Bulk Temperature MBT 25.3
V. MATHEMATICAL ANALYSIS =0.00475m
A. Thermal Analysis of Segmental Baffle 2. Baffle spacing (})
1. Tube Clearance (C) L,=IT .D;s .Tanp
C=P-d, 41.0.384.Tan (19
=0.3919
=0.0238 - 0.0190
— 0.00475m 2. Bundle Cross-flow Area (AS)

2. Bundle Cross-flow Area (AS)
A =(D, [CB)/R

=(0.038 - 0.023 - 0.304)/ 0.023
=0.0235rh

3. Equivalent Diamete(D,)

D, = 4|(p?+/3/4) - (dZ T /8)| - [N @, /2]
=4[(0.02380.433)-(0.019.0.392)]-0.029
=0.0131m

4. Maximum Velocity (Vmay
V ma= Mg Ip.A

=0.187 m/sec
5. Reynolds’s number (Re)
Rep .V max De M
=1000. 0.187. 0.0131/(7.74%10
=3163.76
6. Prandtl Number Pr [T,/ ks
=5.23

7.Heat Transfer coefficient $h

h= (0.36.K .R€>°PP*9/D,
=(0.36 . 0.6181 . 3163%8.5.23%9/D,
=7353.91 W/fk

8. Number of Baffles (y

Ny=L/B
=6/0.3048
=19.68

= approx 20

9. Pressure Drop\ps)

APs= [f. G2 (Np+1) DJ/2pDeds
=0.384.937.G220+1).0.387/(2 . 1000 .0.0131 .1)
=104.58 Kpa

B. Thermal Analysis of Helical Baffle Heat Exchange

1. Tube Clearance (C)

C= Pt - dot
=0.0238 - 0.0190

www.ijaers.com

A =(Ds[CIL,)/R

=(0.038+ 0.0047 - 0.3919)/ 0.0238
=0.030 h

3. Equivalent Diamete(D,)

D, = 4|(p?/3/4) - (d2 M /8)| - [N, /2]
=4[(0.02380.433)-(0.019.0.392)]-0.029
=0.0131 m

4. Shell Side Mass Velocity (Gs)

Gs=m/ As
=22.02/0.030
=734 Kg/frsec
5. Reynolds’s number (Re)
Re=PGs/|k
=0.0131.734 /(7.74%410
=12422.99
6. Prandtl Number Pr =T,/ ks
=5.23
7.Heat Transfer coefficient $h
h= (0.36.K .R€>°PP%9/D,
=(0.36. 0.6181. (12422.98) 5.23°9/D,
=15603.82 W/fk

8. Number of Baffles (}y

Ny= L/B
=6/0.3919
=153
= approx 15

9. Pressure Drop\ps)

AP= [fo.G2.(Ny+1) DJ/2pDeds
=0.384.73%(15+1).0.387/(2 . 1000 .0.0131 .1)
=37.39 Kpa

C. Thermal analysis for Tube Side:

1. Tube Clearance (C)

C= Pt - dot
=0.0238 - 0.0190
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=0.00475m
2. Mass Velocity (@
G= m/a
=35.28/0.0172
=2051.162 kg/fsec
3. Reynolds number (Re
Re .Gl
= (0.01656%2051.162)/(9.040x10
=37574.38
4. Nusselt Number(Nu)
Nu=0.023 .R¥%. PP+
=0.023.37574.30%.6.213*

=218.206

5. Heat Transfer (h

= (Nu.k)/d;

= (218x%206x0.60812)/0.01656

=8013 w/rk

OVERALL HEAT TRANSFER COEFFICIENT (U )
Over All Heat Transfer Coefficient for both shetle &
tube side is given by

1/Ug= [1/hg] + [1/hi /] + [roln(ro/r)/K,
U, =3578.329 w/rik

V. RESULTS

A. Shell Side:The Table.3 shows the results of Overall heat femrcoefficient, Pressure drop at various helixlesi@f
Helical Baffles including Segmental Baffle.

Heat Transfer | Over all heat| Pressure drop
Helix Angle (deg) | Coefficient transfer

W/m?k coefficient W/nek | Kpa
Segmental 7353.91 3578.32 104.58
6 29106.83 5640.15 291.82
12 19715.70 5147.74 80.8
18 15603.82 4816.02 37.39
24 13111.41 4549.17 21.15
30 11312.43 4311.27 13.20
40 9256.33 3975.19 6.72
50 7634.63 3642.45 3.56

GRAPH PLOTS:

helix angle

Graph.1:Heat Transfer coefficient VS
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VI. CONCLUSIONS

* In the present study, an attempt has been made to
modify the existing Kern method for continuous
helical baffle heat exchanger, which is originalged
for segmental baffles Heat Exchanger.

« The above graph plots give us a clear idea that the
helical baffle Heat Exchanger has far more betézt h
transfer coefficient than the conventional segmenta
Heat Exchanger.

e The above graph plots also indicate that the pressu
drop AP in a helical baffle heat exchanger is
appreciably lesser than the segmental baffle heat
exchangers due to increased cross flow area megulti
in lesser mass flow. The pressure drop decreaghs wi
the increases of helix angle in all the cases dened.
However, the effects of helix angles on pressuop dr
are small when helix angle is greater than 18 degre

e From the graph plots shown , there is an increése o
overall heat transfer in 6 deg helix angle thane@ d
segmental baffle.

www.ijaers.com

(1]

(2]

(3]

Suitable helix angle may be selected based upen t
desired output and industrial applications. Heligle
of 6° may provide better heat transfer than the one
with an angle of 18°, however at the expense of
pressure drop.
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Abstract— The Bioremediation of Petroleum Sudge (PS) in
a clay soil environment of the Niger Delta region of Nigeria
using Moringa Seed ail extract (MO) as a Biostimulator
(BS has been investigated, with a view to studying the
mitigation impact on the total petroleum hydrocarbon
(TPH) content of the petroleum sludge. Two Bioreactors
labeled R; (with MO treatment) and R, (control: No
treatment) containing 3.0kg of clay soils were polluted with
300ml of petroleum sludge. 50ml of MO was added to R; as
a biostimulator. R, received no form of treatment.
Bioremediation extent monitoring was carried out bi-weekly
by sampling of the bioreactors contents and analyzing for
the individual petroleum hydrocarbon using a gas
chromatography (GC). Analysis of the samples at two
weeks intervals for a period of 12 weeks reveals that
bioremediation occurred in the treatment reactor and the
control reactor to which no biostimulator was added. Most
of the Hydrocarbon degradation occurred within the first
four weeks of the experiment. It was found that moringa
seed oil extract was very effective and suitable for
remediation of petroleum sludge polluted clay soils due to
the high degradation rates of the individual hydrocarbons
recorded in the biostimulated reactor against the low
degradation rates of those of the control reactor with no
form of bio-treatment.

Keyword— Bioremediation, Biostimulation, Petroleum
Sludge, Clay Soil, Moringa Seed Oil Extract.

l. INTRODUCTION
At Petroleum Refineries, flow stations and crudeocean
terminals, petroleum is stored in various storageks
before refining processing and shipment to varlooations
outside the shores of Nigeria. During this peribdtorage,

petroleum sludge generation is inevitable due te th

settlement of suspended solids. In addition togfadiose

www.ijaers.com

manpower requirement and waste management issues
associated with petroleum sludge handling, its eawes in
storage tanks reduces the oil storing capacitighetanks
with the increasing possibility of tank corrosidtence, the
continual removal of the petroleum sludge from ager
tanks becomes a necessity.

Nkeng and Nkwelang (2012) have stated that onenef t
major problems faced by the petroleum industrighaéssafe
disposal of petroleum sludge in the environmentesimany

of the constituent of petroleum sludge are toxiad an
carcinogenic. Petroleum sludge when improperly aispl

to soil environment, alters the physical and chainic
properties of the soil resulting to much changessail
characteristics (Robertson et al., 2007; Kamakl.e2016).
According to the finding of Al-Mutari (2008), theepoleum
sludge contaminated soil may create nutrient daficy,
inhibit seed germination and cause restricted droot
demises of plants on contact.

Detoxification of petroleum sludge contaminatedisas
therefore essential prior to soil re-use for adtical and
other purposes. Various physicochemical treatment
techniques have been developed to clean up petnoleu
sludge polluted soils such as incineration, thermal
desorption and chemical oxidation. In general, such
treatments according to Alamri (2009) are very espee,
energy intensive and not sustainable with respedheir
environmental impact which includes damage to tbié s
structures and toxicity issues associated with date&m
additives. These limitations have been the basiseafch
for more economical and environmentally sound
approaches to the clean up of petroleum sludge
contaminated soils. Biological (Bioremediation)atmaent

of organic pollutants is a promising field of resgawhich
gives reliable, simple and cheap technologies aber
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chemical and physical process (Thayer, 1991; Kareiadl.,
2016).

Bioremediation has been defined as any processuses
microorganisms, fungi, green plants or their enz/mne
return the natural environment altered by contantsao
its original condition (Ukpaka, 2007, Daugulis and
McCracken, 2003; Leahy and Cohwell, 1990; Atlas3119
Adebuso et al., 2007; and Das and Mukherjee, 2007).
Ukpaka (2012) in a study on the effects of fundion
parameters on the microbial characteristics in erod
degradation has concluded that the use of micromyes
with appropriate metabolic capacities is the fisgtp to
achieving a successful bioremediation. In the prestudy,
Ex-Situ biostimulation of the indigenous microbes the
addition of moringa seed oil extract was conducted
reclaim the petroleum sludge contaminated clay byil
evaluating its response to the degradation of iddal
hydrocarbons present in the petroleum sludge.

1. MATERIALS AND METHODS
MATERIALS:
The materials used includes: petroleum sludge (PS)
obtained from Nigerian Agip Oil Company (NAOC) tank
farm, Brass, Bayelsa State, Nigeria; clay soilemifd from
Rumuche-Emohua, Rivers State, Nigeria; Moringa seked
extract purchased at Yenagoa Local Government Area
Council office, Yenagoa, Bayelsa State, Nigeriaassl
beakers, measuring cylinder, weighing scale, mgrdor
glass thermometer; plastic buckets, trowel, maskapgs
and gas chromatography (GC).

M. EXPERIMENTAL PROCEEDURE
Bioremediation mitigation experiment was conduciad
two conic plastic buckets of seven litres capa@ach.
These containers served as the treatment rea8tOfsy of
the experimental soil (clay) was measured into eddime
treatment reactors labeled; Rand R. 300ml of the
petroleum sludge was measured into each of theigplas
containers. Biostimulation method of Bioremediatiwas
employed to enhance the microbial degradation &f th
hydrocarbon contaminants in the petroleum sluddleited
clay soils using moringa seed oil extract (MO) ag t
microbial biostimulant. 50.0ml of the moringa seei
extract was measured out and poured into reactor R
Reactor R which is the control received no Biostimulant.
The contents of the reactors, after the additionthef
biostimulant were properly stirred and transferted a
secluded hall away from sunlight and down pour,d@0
day experimental period.
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3.1 BIOREMEDIATION EXTENT
MONITORING
The Bioremediation mitigation process was monitobgd
periodically analyzing samples of the petroleumdghi
polluted clay soils undergoing remediation. Sampliethe
soils from the two reactors were collected at wdbs of 15
days after proper mixing of the soils with trowédlhe
collected samples were analyzed for individual gletrm
hydrocarbon content at SpringBoard LaboratoriesadR®,
House 1, Udoka Housing Estate, Awka, Anambra State.
3.2 DETERMINATION OF INDIVIDUAL
PETROLEUM HYDROCARBON IN THE
SOIL SAMPLES
Reagents: Hexane, Acetonitrile
Apparatus: Buck 530 gas chromatography
Individual petroleum hydrocarbon presented in th® P
polluted soil samples were extracted with 200mhefane.
The mixture was separated using a separating fumitiel
the hexane layer concentrated in a rotary evaporata of
acetonitrile was added into a vial and placed amtBuck
530 gas chromatograph equipped with an on-column,
automatic injector, electron capture detector, HB 8
capillary column (100m x 0.254m film thickness). eTh
individual petroleum hydrocarbons present in thendas
were then displayed in the visual unit of the gas
chromatograph.

V. RESULTS AND DISCUSSION
The results of the experiment with respect to the
degradation of the individual petroleum hydrocabonthe
petroleum sludge polluted clay soil mitigation prss are
presented in tables 1, and 2 as shown in the appdfrom
the experimental results, most of the petroleum
hydrocarbons were not detected and so were skipped
tables 1 and 2, either because their concenteatare
below the detection limits (<0.01mg/kg) of the gas
chromatography used (Bulk 530 gas equipped witloran
column, automatic injector, electron capture detgcor
they are not present in the petroleum sludge.
The profile of the bioremediation from the biostiated
reactor (R) and the control reactor §Rare shown in
figures 1 and 2 below.
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Fig.2: Hydrocarbon concentration bioremediation versus
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The profiles from the biostimulated reactor)Bs depicted

in figure 1 shows evidence of bioremediation of the
individual petroleum hydrocarbon components of the
petroleum sludge. Significant reductions from timdial
concentration of the petroleum hydrocarbons were
achieved. Most of the hydrocarbons degraded coelplet
(100%) in the course of the mitigation experimdntvas
observed from the profiles of most hydrocarbonshsas
Cu, Cis, and Gg increased in concentration. The sudden
increase in concentrations of these hydrocarbone wee

to fresh hydrocarbon formations due to the dediadaf
higher molecular weight hydrocarbons in the reactdrich
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also later degraded in the course of the experimEm
profiles shown in figure 2 are those of the contesdctor
with no biotreatment. From the profiles, slight deations
were recorded from the initial concentrations ofe th
hydrocarbons. The slow rate of degradation is dit#tion
that natural attenuation is not a suitable prodesdarge
scale bioremediation.

OCTANE (Cy)

Complete mineralization (100% degradation) of tlctaoe
component of the petroleum sludge occurred in ogd{,
from the second week of the experiment. The cotaple
degradation of the octane in the treatment readdor
attributed to the fact that the biostimulator (mgga seed oil
extract) used contains certain nutrients in themfoof
phosphates and nitrates that are very importanthian
bioremediation process. The moringa seed oil eitrac
supplies its nutrients to the soil, stimulating thdigenous
microbes which in turn feed on the hydrocarbonsemein
the soil. The percentage degradation of octankdrcontrol
reactor (R) was 23.5934%. The slight reduction in the
concentration of octane in the control reactor daes to the
absence of a biostimulator in the degradation E®c€&he
result of the control reactor further validates fhet that
bioremediation can proceed naturally (natural atéon)
without any form or soil amendment.

DODECANE (Cyy)

There was significant reduction in Dodecane in the
treatment reactor @R with the exception of the control
reactor (R) which was only slightly reduced. From an
initial concentration of 621.5731mg/l, Dodecaneuct to
1.9753mg/l (99.6822% degradation in the biostimadat
reactor (R) and 583.8485 mg/l (6.0692% degradation) in
the control reactor (JR

The significant reduction of the Dodecane fractainthe
petroleum sludge in Rattests to the effectiveness of the
bioremediation process using moringa seed oil ex@a a
biostimulator.

TRIDECANE (C 13)

The initial concentration of the Tridecane detecteas
120.9383mg/l before the biostimulation of the P8uped
clay soils. The final results obtained at the ehthe 90 day
experiment shows complete degradation (100%) of the
Tridecane from the 75day of the experiment in the
treatment reactor, R and 16.5999% (100.8626mg/l)
reduction in the control reactor {R

PENTADECANE (C3s)

Pentadecane degraded completely in the treatmantore
(Ry) due to the activities of microorganisms (Hydrdwar
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utilizing bacteria) being stimulated by the nuttienrich
biostimulator (moringa seed oil extract).

The degradation recorded in the control reactorl@&D%)

is insignificant in comparison to the complete
mineralization recorded in the treatment reactof R
(biostimulated with moringa seed oil extract). Thesult is

an indication that large scale bioremediation canp®
handled by natural attenuation.

HEXADECANE (C 1¢)

Hexadecane increased from an initial concentratdn
63.7382mg/l to 67.1647mg/l (5.3759% increase) witiie
first two weeks of the mitigation experiment in the
treatment reactor ()R This increase in concentration is a
function of the degradation of heavier @ECmolecular
weight hydrocarbons in the treatment reactor. Respdo
microbial degradation of the Hexadecane componktiteo
petroleum sludge was noticed on the™38ay of the
experiment, reducing from 67.1647mg/l to 36.9406mg/
Subsequent bi-weekly results of sample analysisvedo
continual reduction of hexadecane. At the end efad day
experiment, Hexadecane has degraded to 5.3803mg/l
(91.5588%) in the treatment reactor;. RWithin the
experimental period, Hexadecane, degraded to 5322
(16.4041% reduction) in the control reactor. Rhe slight
reduction is an indication that natural attenuai®mot an
effective method of bioremediation.

OCTADECANE (C 1g)

The reduction in concentration of octadecane withia 90
day experimental period in the treatment reactq) (Ras
13.4185mg/l from initial concentration of 55.1684ing
(75.6772%  reduction). Tremendous increase in
concentration of octadecane occurred in the fivst weeks

of the experiment in Ras was observed on the™B8ay
(173.390mg/l). This increase in concentration isoaated

for by the breakdown of higher molecular weight
hydrocarbons (>G) in the treatment reactor. From theé"30
day, result of analysis showed degradation of autade.
The percentage reduction of the octadecane in ah&at
reactor (R) was 19.5764%. This value is low compared to
that of the treatment reactor,Rlue to the non-application
of a biostimulator.

HENEICOSANE (C,)

The results obtained from the bioremediation expenit
for Heneicosane degradation in the petroleum sludge
polluted clay soil shows that biostimulation is seful tool

in microbial degradation of hydrocarbons. The total
concentration of Heneicosane measured prior to the
commencement of the experiment was 740.2861mg/l. At
the end of the 90 day experiment, the initial comcgion
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of Heneicosane has reduced to 220.2769mg/l in the
treatment reactor @R and 710.4419mg/l in the control
reactor (R). The above results accounts for the
effectiveness of the bioremediation process and the
efficiency of the moringa seed oil extract applied
stimulating the indigenous microbes in the pollussils.

R1 remediation by 70.2 and, R.0314%.

TETRACOSANE (C,y)

Analysis of samples revealed that bioremediation of
Tetracosane occurred in both reactorg, Rwith a
biostimulator) and R (without stimulator). Percentage
reduction of Tetracosane in the treatment rea®prwas
82.5096% and 16.1966% in the control reactos, Fhe
result of the treatment reactor in comparison t ¢bntrol
reactor compliments the fact that moringa seeéxdilact is

an effective biostimulator and suited for bioremédn of
petroleum sludge.

HEPTACOSANE (C,7)

Heptacosane component of the petroleum sludge ews v
high at initial measurement compared to other hyairoon
components present in the petroleum sludge. Ircthese

of the bioremediation mitigation, heptacosane reducom

an initial concentration of 416.7177mg/l to 5.186fl in

the treatment reactor;Rand 403.1791mg/l in the control
reactor, R. The high rate of degradation of the Heptacosane
component in the treatment reactog)(Ras due to the high
metabolic activities of the resident microorganisms
stimulated by moringa seed oil extract. The lowudidn
(3.2489%) in the control reactor was because ofiraht
attenuation (without stimulation).

NONACOSANE (C,g)

Complete mineralization of the Nonacosane componént
the petroleum sludge was achieved in the treatmesutor,

R; (100% degradation) in the last two weeks of the
experiment. Nonacosane increased in concentraticthe
first four weeks of the experiment. This increase i
concentration was caused by the degradation ofidéreav
hydrocarbons (>§) in the treatment reactor,; RFurther
analysis of samples gave results with indication of
occurrence of bioremediation from the "4%lay to a
complete mineralization of the Nonacosane at tlieadthe
experiment. The control experiment FRecorded 17.3961%
degradation within the 90 day remediation peridae high
degradation rate of 5 in the MO stimulated reactor was
due to the enhancement ofsMioavailability by moringa
seed oil extract.

DOTRIACONTANE (C 3»)

Dotriacontane fraction of the petroleum sludge shabw
grandiose reduction in concentration in the cowfkehe
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mitigation. A percentage reduction of 96.2134 %ktptace

in the treatment reactor,;Rand only 14.9019% in the
control reactor, B which was unaided with bionutrient
carriers. This results shows the effectivenesthefimpact
of moringa stimulator in accelerating petroleumdgl
degradation.

TRITRIACONTANE (C 33)

Tritriacontane was degraded completely (100%) ie th
treatment reactor, Rwithin the first two weeks of the
remediation, with slight reduction of 27.2231% ihet
control reactor, R Complete mimeralization of the
Tritriacontane compoinent of the petroleum sludgasw
maintained till the 8 week of the remediation. At thé"8
week, there was fresh formation (8.0749mg/l) of
Tritriacontane in the treatment reactor, due toraegtion

of higher molecular weight components ¢)Cin the
reactor. The formed Tritriacontane was significantl
degraded to 2.4451mg/l within the last four weekshe
experiment, corresponding to 69.7197% degradatfctheo
formed tritriacontane component.

Within the same experimental time, the reductionthia
control reactor (B was minimal (27.2231%) compared to
the reactor with a biostimulator. The low degramfatrate
recorded in the control reactor is an indicator tbé
unreliability of natural attenuation in petroleunudge
bioremediation.

TETRATRIACONTANE (C 34)

TPH analysis of samples of the petroleum sludgéuisal
clay bioremediation reveals 100% (complete) dedrada
for Tetratriacontane component in the moringa dtiteal
bioreactor (R). Complete degradation of the,€omponent
within the first two weeks of the experiment gives
credibility to the adequacy of the use of moringads oil
extract in the mitigation of petroleum sludge ptahl clay
soils of the Niger Delta Environment. In the cohtesctor,
R,, which was not biostimulated, thes;Ccomponent
degraded to 19.5301mg/l from an initial concenbratof
22.8800mg/l, representing 14.6412% degradationinvttie
90 day experimental period.

PENTATRIACONTANE (C 35)

Pentatriacontane (€} degraded completely (100%) from an
initial concentration of 11.7860mg/l within therpal of
the experimental investigation in the biostimulatedctor,
R; observed that the moringa seed oil extract intaddio
being a microbial stimulant was responsible for the
bioavailability of the heavier substrates to midabb
consumption. In comparison to the non-MO stimulated
bioreactor, R a total of 23.1724% within the experimental
period. The low degradation was due to the non —
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enhancement of the bioavailability of the heavigrsirates

in the control reactor to microbial consumptioniasthe
MO stimulated reactor.

HEXATRIACONTANE (C 3¢)

Initial concentration of the & component of the petroleum
sludge was 28.3650mg/l prior to the bioremediation
mitigation experiment within the period of the expeental
investigation, results of sample analysis indicates
occurrence of bioremediation in the reacted,) (Rnd
untreated (R reactor. In the treated reactor (with MO
stimulation), Gs degraded completely (100%). While in the
untreated reacted, 3£ component slightly degraded to
24.5848mg/l (13.3270% degradation), the low dediada
rate was as a result of the fact that the remedidti the
control reactor proceeded on natural attenuatidhont any
form substrate bioavailability enhancement and otiizl
stimulator.

HEPTATIACONTE (C 37)

Heptatriacontane (%), a heavier component of the
petroleum degraded slightly, from an initial cortcation

of 13.4670mg/l to 10.8788mg/l in the MO treatedcten

R1, within the first two weeks of the experiment. I hiitial
slow rate of degradation was due to the time tdkerihe
Cs7 degrading microbes to adapt in the reactor, coimggim
Cs7 as a new source of energy. By the end of the 90 da
experimental period, results of sample analysisvsh®0%
degradation of the & component in the moringa treated
bioreactor, R

The untreated reactor,, Rwithout addition of MO) on
record 17.0944% degradation of thes; Ccomponent,
reducing to 11.1649mg/lI from an initial concentratiof
13.4570mgl/l. the low degradation rate @t Component in
the control reactor validates the claim that natura
attenuation cannot effectively remediate hydrocarbo
polluted environments within a short period as e t
experimental investigation period.

OCTATRIACONTANE (C38)

Initial petroleum sludge characterization prior to
commencement of bioremediation mitigation gave
octatriacontane initial concentration as 19.2760mg/
Results of sample analysis indicated that bioreaimoh
occurred in moringa stimulated bioreactor)(Rs well as
the control reactor (J without any form of biostimulation.
Percentage reduction of octatriacontane componeihe
MO treated reactor was 100% and 26.5454% in théraon
reactor. The results of the treated reactor in @rimpn
with the untreated reactor shows the reliability of
biostimulation in achieving effective bioremediaticof
petroleum sludge in a record time.
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V. CONCLUSION
From the experimental study, it is concluded tHag¢ t
reduction in the total Petroleum Hydrocarbon (TRHjhe
course of the remediation was due to the present®ld—
degrading microbes in the polluted soil, whose ghoand
degrading capabilities were a direct function ofe th
effectiveness of the biostimulator (moringa seddxiract)
applied in the experimental process. The moringal sl
extract(biostimulator) was responsible for the emeanent
of substrates and microbial activation in the &dateactor.
The results of the individual petroleum hydrocarbon
degradation in the control reactor,, Rn comparison to
those of the treatment reactor,, Rvere very low varying
between 11% to 27% (percentage reduction). Theltresu
from the control reactor is an indicator that bioesgliation
can occur naturally without any form of soil amerain
The drawback to the natural attenuation is thatréte of
natural bioremediation is very slow. Hence, largales in-
situ or ex-situ bioremediation cannot be reliablgda
successfully carried out in a record time.
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APPENDIX 1

Table.1: TPH BIOREMEDIATION EXTENT FORPSPOLLUTED CLAY SOIL INR; (WITH THE ADDITION OF MORINGA
SEED OIL EXTRACT)

Parameters TIME (DAYS)
(Mg/L) 0 15 45 60 75 90
Octane Cc8 42.7640 0.0000 0.0000 0a@no 0.0000 0.0000 0.0000
Dodecane C12 621.5731 147.804b 65.0339 28.6150 12.7154 5.5399 1.9753
Tridecane C13 120.9383 14.7158 5.8863 | .3545 0.9418 0.0000 0.0000
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)

Tetradecane Ci4 28.2899 59.2994 68.1943  0133. 59.2250 17.7675 2.6651
Pentadecane C15 116.186( 0.0000 0.0000 ©®.000 | 0.0000 0.0000 0.0000
Hexadecane Ci16 63.7382 67.1647 36.9406 128.3 | 11.7168 6.1460 5.3803
Octadecane C18 55.1684 173.3906 86.6958 .3443 31.6586 20.8369 13.4185
Heneicosane c21 740.2861 703.296H 555.604238.9273 346.7526 273.9345 220.2764
Tetracosane C24 76.5193 47.7428 36.9874 .5938 23.0360 16.1662 13.3835
Heptacosane Cc27 416.7177 187.5274 93.780R 2.2784 18.9572 10.4976 5.1362
Nonacosane C29 41.8416 54.3140 62.4611 8623. 7.6515 2.6780 0.0000
Dotriacintane C32 105.9294 49.2215 31.9937 0.7261 13.5175 8.7864 4.0111
Triacontane C33 12.3700 0.0000 0.0000 oo 8.0749 5.4337 2.4451
Tetratriacontane C34 22.8800 0.0000 0.0000 0.0000| 0.0000 0.0000 0.0000
Pentatriacontane C35 11.7860 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Hexatriacontane C36 28.3650 0.0000 0.0000 0.0000| 0.0000 0.0000 0.0000
Heptatriacontane C37 13.4670 10.8788 7.8327 5.6396| 4.0605 1.9236 0.0000
Octatriacontane C38 19.2760 0.0000 0.0000 0.0000| 0.0000 0.0000 0.0000

Table.2: TPH BIOREMEDIATION EXTENT FOR 12 PSPOLLUTED CLAY SOIL IN R; (CONTROL: WITHOUT ADDITION

OF MORINGA SEED OIL EXTRACT)

Parameters TIME (DAYS)

Mg/l 0 15 30 45 60 75 90
Octane Cs8 42.7640 40.6754 39.5026 7.05D8 36.8355 34.4990 32.6745
Dodecane C12 621.5731 611.4850 608.113%03.0853 598.0640 591.7980 583.848%
Tridecane C13 120.9383 119.4854 11®364 110.9094 108.5590 104.6251 100.8626
Tetradecane C14 28.2899 28.1456 26.6129  9935. 25.6369 23.8414 23.3651
Pentadecane C15 116.186( 114.4850 109.459204.9422 101.2067 97.9320 95.1134
Hexadecane C16 63.7382 63.4850 61.2598 3768. 57.2781 54.2808 53.2825
Octadecane C18 55.1684 53.5861 52.4319 2088. 49.7815 47.9298 44.3684
Heneicosane c21 740.2861 735.485)D 728.546825.2748 721.7541 716.5787 710.44149
Tetracosane C24 76.5193 73.8970 70.4718  4489. 68.6258 66.7319 64.1258
Heptacosane Cc27 416.7177 413.9485 411.851910.8292 409.7163 406.0806 403.191
Nonacosane C29 41.8416 40.4950 39.5198 926.2 | 36.9633 36.2012 34.5628
Dotriacintane C32 105.9294 103.385( 101.865897.5359 96.8555 93.1513 90.1439
Triacontane C33 12.3700 11.8515 11.1121 .61® 10.0718 9.5331 9.0025
Tetratriacontane C34 22.8800 22.6508 22.3650 621.9 20.9338 20.1291 19.5301
Pentatriacontane C35 11.7860 11.0936 10.749 19.44 | 9.6122 9.1183 9.0549
Hexatriacontane C36 28.3650 27.7795 27.3131 28.94 | 25.0052 24.9392 24.5848
Heptatriacontane C37 13.4670 13.4351 13.1835 13.824| 12.0194 11.5165 11.1649
Octatriacontane C38 19.2760 18.5401 18.0137 66.62 | 15.0293 14.8599 14.1591
www.ijaers.com Page | 25



International Journal of Advanced Engineering Resezh and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.11.5

[Vol-3, Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

Multi-objective Economic Emission L oad
Dispatch using Grey Wolf Optimization

Nitish Chopra, Gourav Kumat, Shivani Mehté

'Department of Electrical & Electronics Engineeri@;IT, Jalandhar, Punjab, India
’Department of Electrical Engineering, KC CollegeEayineering & I.T., Nawanshahr, Punjab, India
Department of Electrical Engineering, D.A.V.l.E.Jalandhar, Punjab, India

Abstract—This paper presents grey wolf optimization
method for solving multi-objective economic emission load
dispatch (EELD) problem in diverse test power systems.
Grey Wolf Optimization (GWO) is a new meta-heuristic
motivated from grey wolf. Diverse emission gases
considered for the case studies are SOx, NOx and COx.
GWO is applied on diverse test cases for finding EELD
solution. Comparison of the obtained results is carried out
with other techniques stated in literature which shows that
GWO is effective to solve EELD.

Keywords— Economic emission load dispatch, GWO,
penalty factor, fuel cost, emission.

l. INTRODUCTION
The chief goal of EELD is to get optimum outputloérmal
generators in power system subjected to severaitizonts
to diminish the operating costs. The thermal poplant
operation is dependent upon incineration of fo$sil
which generates SOx, NOx and COx emission. The
increasing pollution is a matter of environmentahcern
worldwide which has led to formation of internatibn
standards for emissions from industries and poventg.
Different acts have been made which forces thesimi#is to
modify their principles to follow the environmenmgssion
standards strictly. Therefore it is significant ¢onsider
emission constraint in economic dispatch. The econ@
emission dispatch are contradictory in charactet laoth
must be considered together to find optimal digpaihe
problem is formulated as a multiobjective economic
emission load dispatch (EELD) problem in which btita
objectives (emission and economy) have to be ma@thi
Earlier traditional methods like Newton’s methodadjent
approach and linear programming [1] were used dbuirsg
ELD problem. In the last years different techniqinese
been used for solving EELD. Nanda et.al [2] appli@dl
programming techniques for solving EELD. Song €3l
solved environmental/economic dispatch with genetic
algorithm controlled by fuzzy logic. Abido [4] usegnetic

www.ijaers.com

algorithm for the EELD to find out pareto-optimal
solutions. Ah King [5, 6] applied improved non-doaied
sorting genetic algorithm (NSGA-II) for creating rpto-
optimal front for EELD. Thenmozhi [7] solved EELBing
hybrid  genetic  algorithm. Perez [8] solved
environmental/economic  dispatch  using differential
evolution. Hong [9] applied immune genetic algaritfior
EELD. Hazra [10] proposed bacteria foraging aldponitfor
emission constrained economic dispatch. HemamHlitii
solved non convex EELD by applying particle swarm
optimization.Bhattacharya.et.al [14] presented a OBB
technique to solve EELD of thermal generators with
different emission substances (SOx, NOx, & COXx).
Similarly there are many other techniques like hazg
learning based algorithm [15/firefly algorithm (FFALG]
and artificial neural networks [17],NSGA [21], SPEA
[22],PSO[23], bacterial foraging algorithm with fyz
logic[24] and Ant lion optimization[27] which haveeen
successfully used to solve EELD problem.GWO hasbee
earlier applied to solve single objective ELD [26].

In this paper combined emission and economic ditpat
problem has been transformed to single objectiablpm

by using cost penalty factors. After that grey wolf
optimization (GWO) is used to solve the modifiedigem.

. PROBLEM FORMULATION

2.1 Economic L oad Dispatch
Aim for economic dispatch is to reduce the opegatinel)
cost of thermal generators satisfying some limitg[Zhe
objective function is given by:

= Y5 (@@iP5 + biPyi + ) . (1)
Where a b, & c; are the fuel-cost coefficients ang B
power output for the ith generating unit among NiEalt
committed generating units.

The constraints to be considered are:
a) Energy equality constraint
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The overall generation by the entire generatorailshbe
equal to the sum of whole power demang) @ system’s
real power loss (B.
TP —P— P - (2)

The power loss Pis calculated by using generator
power output and B coefficients:
P, = X 2% PBy;P + X1 BoiP, + By .. (3)

b) Generator inequality constraint

Output power of each generator must lie betweelower
Pg‘{““and upperg* operating limits.
Pa'™ < Py < P i=1,2...NG .. (4)
2.2 Economic Emission Dispatch
EED objective is to diminish the entire pollutiojecion
from combustion of coal or gas for producing elettir.
The emission function consist of the summationifféent
types of emissions (i.e. COx, NOx and SOx)with
appropriate pricing for every pollutant dischargd[ The
problem of EED for COx, NOx and SOx emissions can b
defined by as :
En = ZR5 (dinPA + einPyi + fin)
... (5)
Es = XN (disPg + eisPyi + fis)
... (6)
Ec = X5 (dicPa + eicPyi + fic)
.. (7)
Where g ,Es& Ecare the total amount of NOx, SOx and
COx emission from the power plant in (kg/hr.).
The power balance & generator limit restrictions given
by Eq. (2 & 4) respectively.
2.3 Economic emission Load dispatch (EELD) problem
The emission and economic dispatch are contragidgtor
character and they both have to be consideredhegéed
find optimal dispatch. The problem is expressedaas
multiobjective EELD problem in which both objective
(emission and economy) [27] have to be minimized.
The objective function is given by: FC (Cy,EEs& E¢)
... (8)
Where C denote fuel cost objective angHs & Ec denote
emission objectives.
The multiobjective EELD can be transformed to singl
objective problem by using cost penalty factorsf)(cp
denoted by “k”. When fuel cost and NOx emissione ar
considered objective function becomes:
FC = C + ky(Ey) ... (9)
When fuel cost, NOx & SOx emissions have to be
considered together, the final objective functican cbe
defined as

www.ijaers.com

FC = C +ky(Ey) + ks

... (10)

When fuel cost, NOx, SOx & COx emissions have to be

considered together, the final objective functicen cbe

defined as

FC = C + ky(Ey) + ks(Es) + ke (E¢) .. (12)

Where k ,ks& k¢ are price penalty factors for the NOx ,

SOx & COx emissions ,that combines respective sionis

cost with fuel cost.

The steps to calculate price penalty factors fox,S0x

and COx [19, 25] are given below:

(a) Calculate fuel cost of every generating unit at its
highest output, i.e.,

C= Zy:Gl(alpgzl max T bini max + Ci) - (12)

(b) Calculate the SOx, NOx & COx emission discharge for
each generator at its max output, i.e.,

EN = Zi\l:Gl(leszl max + eiNPgi max + fiN) (13)
Es = YN (disP& max + €isPgi max + fis) .. (14)
Ec = XN (dicPgi max + €inPai max + fic) ... (15)

©) kn il ks[i] & ke [i],( =1, 2, ...., NG) is calculated
for every generator

NG 2
Yi=1(@iPgi max+biPgi max+Ci)

kyli] = ... (16
N[ ] Z}iﬁ(dinéjmax‘*‘eiNPgi max*+fiN) ( )
NG
Kk [l] _ Zizl(aipéi max*PiPgi max*¢i) (17)
S Zfl:(;l(disl’éi max+eisPgi max+fis) "
. Z%\l:(;l(aipgimax"'bipgi max+Ci)

NG 2
2i=1(dicPgj max*eiNPgi max+fic)

(d) Organize k [i], ks [i] & k¢ [i] in increasing direction.

(e) Add max output of every generator (Pi max) singla a
time, start from minimum([i], ks [i] & k ¢ [i] for NOx
, SOx & COx emissions unffl P, .« = Py

(f) On this point k [i], ks [i] & k¢ [i] related with final
generator in the procedure are the price penattiprfa
kn, ks & k¢ for the NOx, SOx & COx emission for that
demand R

I11. GREY WOLF OPTIMIZATION
In this section grey wolf optimization (GWO) is dissed
for solving multiobjective EELD problem. Mirjalilet al
[25] proposed GWO algorithm which was inspired bgial
and hunting behavior of grey wolf. The head of pack a
male and female, called alphag.(The alpha is generally
responsible for taking decisions about hunting,etito
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wake, sleeping place, and so on. Fascinatinglyatplea is
not essentially the strongest member in the padkthoe
greatest in terms of supervision of the pack. Fhisws that
the discipline and organization of a pack is ofreag deal
than its strength. In the hierarchy of grey wolthes second
level is beta. The betas are secondary wolveshilat the
alpha in making decisions or other activities & track. It
maintains discipline in the pack and acts as aisadto the
alpha. The reinforcing of the alpha’s orders isalby beta
all through the pack and provides feedback to tphaa
Delta @) wolves are the third in social hierarchy of grey
wolves and they have to submit to betas and alphats,
they govern the omega. Sentinels, scouts, huneddsys,
and caretakers belong to this group. Sentinelsldslaed
promise the protection of the pack. Scouts are lateble
for watching the borders of the territory of theclpand
warn the pack in case of any threat. Elders ae th

knowledgeable wolves who used to be beta or alpha.

Hunter’s assist the betas and alphas when huntegus
providing food to the pack. Lastly, the caretakars in
charge for caring for the frail, sick, and injureglves of
the pack. The omegal is ranked lowest among grey
wolves. The omega acts like a scapegoat. Omegaewolv
always have to surrender to all the other govermin{yes
and are the last wolves that are permitted to eat.

In the mathematical model of the social hierarchiythe
grey wolves, alphaaj is considered as the fittest solution.
Accordingly, the second best solution is named (Btand
third best solution is named deltd) (respectively. The
candidate solutions which are left over are takemmmega
(). In the GWO, the optimization (hunting) is guidiy
alpha, beta, and delta. The omega wolves have limnfo
these wolves.

During hunting prey is encircled by grey wolves ghtcan
be modeled mathematically as following equationg[25

D = [CX,(®) — X(®)| ... (19)
X(t+1)=X,(t) —A.D ... (20)
WhereA andC are constant vectorgpis prey’'s location

vector X denotes grey wolf's location vector and‘t’ is
present iteration.

A andC vectors are computed as follows [25]:

A=24¢%.3 L. (21)

C=2.1% .. (22)

‘a'is reduced linearly from 2 to 0 during iteratioasd r1,
r2 are random vectors in [0, 1] gap. Wolves areddrto
attack upon the prey when [|A| < 1 and diverge ftioenprey
when |A| > 1 to optimistically find a better prey.

The hunt is normally directed by alpha, beta antade
which have greater knowledge about the feasible ait
prey. The other wolves must amend their positiaoeding
to best wolf position. The equations used for wslve
position updating are given below [25]:

D, = [C,. X, — X|
Dj = |C,.X; — X| .. (23)
B, = [C,.%, - X|
_21 = ia - Kl (ch)
X, =X — A,. (Dp) (24)
Y3 = _)ZS - K3- (BS)
X(+1) =akeXs (25)

IV. SIMULATION TESTSAND RESULTS
In this paper multi-objective economic load dispattas
been solved for three different test systems. licases, the
constraints of operating limit and power balance ar
considered. The program was written in MATLAB
(R2009b).The population (i.e. number of grey wo)ves
taken in each case was 30 and maximum number of
iterations performed were 500.
1) Test system 1
In this case system having 3 generating units denisig
NOx emissions is tested to reveal effectiveness of
GWO.Theinput data, such as cost &emission coefiisie
loss data, generation restrictions, istaken fro@].[TThe
power demands are 300,500 and 700 MW. The best
negotiating results achieved from GWO are showtabie
1 and their comparison with other techniques isnshn
table 2.

Table.1: EELD with NOx emission for 3-unit system

L oad Demand

300
Unit 1 49.31
Unit 2 130
Unit 3 125

jn (RYK Q) 43.1703

500 700
128.82 182.61
191.47 270.36
191.38 270.35

44.8063 47.8218
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Fuel cost(Rs/hr) 16378.37 25494.84 35462.78
Emission(Kg/hr) 135.24 311.12 651.50
Power loss(MW) 4.318 11.67 23.33
Total cost(Rs/hr) 22218.372 39435.338 66619.07

Table.2: Comparison of results for 3-unit system for 700MW load demand
Conventiona

Performance | Method SGA [12] RGA [12] FFA[20] GWO
(R¥Kg)
[12]
F“;;/‘;‘;St’ 35485.05  35478.44 354714 3546: 35462.78
Emission, 652 55 652.04 651.60 651.5 651.50
kg/hr

Power loss,
47.8218 MW st o o o o

TO;""S'/E‘:SL 66690 66659 66631 66622.( 66619.07

Total Cost (Rs/hr)

™ Conventional method

¥ SGA

¥ RGA
B
® GWO

Fig.1: Comparison resultsfor 3-Unit system with 700MW demand

2) Test system 2
In this test case a system with 6 generating wvitts NOx emissions is used to reveal the effectiveness ofDdWV this type of
system. The unit's data, such as cost & emissiaffictents, E-loss coefficients, generation limits, are giverjlif]. The loac
demands are 500,700 and 900 MW. The best comprgniesults achieved from GWO are shown in table 3 dmair
comparison with other techniques is shown in tdk

Table.3: Best compromise solution of fuel cost and NOx emission for six-generator system

Load Demand

500 700 900
33. 137 61.855 92.352
26. 821 61.382 98.373
89.928 120.030 150.087
90.553 119.577 148.457
135.805 178.564 220.423

www.ijaers.com Page | 29



International Journal of Advanced Engineering Resezh and Science (IJAERS) [Vol-3, Issue-11, Nov- 2016]
https://dx.doi.org/10.22161/ijaers/3.11.5 ISSN: 2349-6495(P) | 2456-1908(0)

Unit 6 132.689 175.654 218.320
Pfy (RYKQ) 43.1533 43.8983 47.822
Fuel cost(Rs/hr) 27612.23 37493.95 48350.41
Emission(Kg/hr) 263.03 439.764 693.79
Power loss(M W) 8.93 17.064 28.013
Total cost(Rs/hr) 38963.10 56798.88 81529.18

Table.4: Comparison of best compromise solution of fuel cost and NOx emission for six-generator system( 900 MW demand)
Hybrid

GTA FFA[20] GWO

[13]

Conventional RGA Hybrid
Method [13] [13] GA [13]

Perfor mance

Fuel cost,
Rs/hr
Emission,
ka/hr
Power loss,
MW
Total cost,
Rs/hr

48892.900 48567.7

48567.5 48360.9 48353.4 48350.41
701.428 694.169 694.172  693.570 693.729 693.79
35.230 29.725 29.718 28.004 28.004 28.013

82436.580 81764.5 81764.4  81529.1 81529.01 81529.1

3) Test system 3
In this case system having 3 generating units denisig NOx and SOx emissions is tested. The inptd tbr generating units is
taken from [5]. The power demandis 850MW. The Inegjotiating results achieved from GWO and its campa with NSGA-
II[5] is shown in table 5.

Table.5: EELD with NOx& SOxemission for 3-unit systemwith load demand of 850 MW

Combined economic emission dispatch solution
Unit Power Output NSGA-I1 [6] GWO
P1(MW) 496.328 506.7511
P2(MW) 260.426 252.0804
P3(MW) 108.144 105.9419
Total power output(MW) 864.898 864.7734
Ploss (MW) 14.898 14.769
Fuel Cost ($/hour) 8358.896 8364.148517
SOX Emission (Ton/hour) 8.97870 8.9743
SOX Price Penalty Factor ($/Ton) 970.031570 970.0316
NOX Emission (Ton/hour) 0.09599 0.095925
NOX Price Penalty Factor ($/Ton) 147582.78814 147582.78814
Total Cost ($/hour) 31234.99029 31226.91617
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Fig.2: Comparison resultsfor 3-generating units with NOx & SOx emission

4) Test system 4

A system with 6 generating unitensiderincSOx, COx and NOx emissions is testéde input data for generating units is ta
from [18]. The powedemand is 1800 MW. Thcompromisedesults achieved from GWO and its compar with PSO [18]

and BBO [14] is shown in table 6.

Table.6: EELD with SOx, NOx and COx emission for 6-unit system with load demand of 1800 MW

PSO [18]
279.19
350.52
467.90
176.26
394.74
256.20
1924.81
124.81

18689.01
2432.25

9.362740

14620.07

1.670211

62856.00

0.244623

81256.159388

BBO[14]
270.398419
299.351832
538.382133
139.632475
452.562062
245.197113
1945.524034
145.524034
18934.704952
2416.130219
9.362740
13491.924811
1.670211
68817.333954
0.244623
80924.967912

GWO
270.4809687
299.4672109
538.2400654
139.6657591
452.3213489
245.3152183
1945.490571

145.490571
18934.20964
2415.944898

9.362740
13492.71155

1.670211
68804.24931

0.244623
80925.01058

Total Cost(S/hr)

Fig.3: Comparison results for 6 generating units considering SOx, Cox & NOx emissions
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V. CONCLUSION
The GWO algorithm is effectively applied for solgin
multi-objective EELD problem. It is apparent frorhet
obtained results that the proposed GWO algorithm ca
evade the deficiency of early convergence of theetie
algorithm and particle swarm optimization methodsget
superior solutions. The results confirmed that G\Ww@as
able to give competitive results in comparison té, G
hybrid GA, PSO, FFA and BBO. The novel probabitisti
model of searching, encircling and hunting the pgrapdle
the trouble of early convergence. Because of sgitpland
effectiveness of the GWO method, it can be usebul f
searching better results in difficult power systproblems
in future.
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Abstract— Efficient query processing system provides
best search results to user by gathering user point of
interest. Mobile users required a Location based server
(LBS) to search the spatial related data. Existing system
provided route results but it takes more time to execute
the query and does not gives the accurate results means
traffic related travel timings. The proposed system is a
fastest processer for location search users. Here, LBS
obtain route travel times from online route API. SO it
gives the accurate results to user by preventing number
route request and query execution time. We use range
query algorithm to reduce the number of route request
and Paralld Scheduling Techniques to reduce the query
execution time. Our experimental result shows that the
proposed system is more efficient than existing processer.
Keywords— Location based Server, Query Processing,
Query Execution Time, Range Query, Spatial Data.

l. INTRODUCTION
Based on user point of interest, user may seachlaha
related to street and restaurant data with locatiased
Services. By using location based Services, a réike
can find out exact travel times. Finding an optimalite
in a road network between specified source and
destination nodes (i.e., based on user point efést) is
one of the important things in real-world applioas
[10]. But whenever using route API, it takes maneet to
access the route. So we can reduce this problensing
Parallel Scheduling Techniques in LBS. LBS find @xa
results by using lower/upper bound techniques. s Thi
approach was recently shown to be very effectivewer
bounds are computed using Parallel Scheduling
Techniques [10]. The resulting lower bound couldibed
for distinguishing local and global queries for djug
local search.
Location-based server(LBS) use real-time geo-datan f
a mobile device or Smartphone or Computer device to
provide data to user. Some services allow usecheck
in" at restaurants, coffee shops, book stores,artscand
other places or events. Often, businesses offaward
prizes, coupons or discounts to people who check in

WWwWw.ijaers.com

Google Maps and Facebook Places are among the more
popular services. Location-based services use a
smartphone's GPS technology to find a person'ditoga

if that person has opted-in to allow the servicedahat.

User can identify her area with using smartphone&s GP
technology without the need for manual work.

Il. LITERATURE SURVEY
Web search is common in our daily lives. Caching
method has been extensively used to reduce they quer
execution time of the search system and reducé&akiel
time on a road network. Another form of locatiotated
web search, known as online shortest path seasch, i
enhanced approach due to advances in geo-posgionin
However, existing caching techniques are ineffecfor
shortest path queries. This is due to several &@ruci
differences between web search results and shqagist
results, in relation to query matching, cache item
overlapping, and query execution time. So we can
manage those things by using Parallelized routeesg.
If we are using LBS, It must be satisfied two thing)
exact query result (i.e., exact travel timing, éxac
directions and exact map between sources to déstiha
b) less query execution time.
In Existing SystensMashQ (Spatial mash up framework
for k-NN queries) is used for best results. Thecknest-
neighbor (k-NN) query is one of the well known salat
query types for location-based services (LBS)otiuk on
k-NN queries in time-based road networks, where the
travel time between source and destination locatioay
changes significantly at different time of the da&y. In
practice, it is difficult for a LBS provider to dedr travel
timing to find the correct route for a user to atsyd
object of interest. So, we design SMashQ, a seider-
spatial mashup framework that enables a databager se
to efficiently evaluate k-NN queries using the ediata
and travel time accessed from an external Web magppi
service, e.g., Microsoft Bing Maps, Google API
Direction. Because of the expensive cost and lioita
of accessing such unnecessary external informati@n,
propose three shared execution optimizations for

Page | 34



International Journal of Advanced Engineering Resezh and Science (IJAERS)

https://dx.doi.orqg/10.22161/ijaers/3.11.6

[Vol43sue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

SMashQ, to reduce the number of external routeestqu
and provide highly accurate query answers. Bu$ inat
possible with SMashQ [13]. So here we are using@an
guery search for accurate travel timings and lassyq
execution time.

Use the Routes API to create a route and map that
includes two or more locations and to create rofr@®s
major roads for security purpose. We can creatandgyi

or walking mode routes. Route data consists of a
graphical representation of the route, a detailed-by-
turn route description, travel times and exactdfioas. It
enables mapping applications to provide the geducap
representation of the route together with the meata,dso
that the route is displayed on the map to user.
The Routing APl is customizable so that the route
calculation and additional route data can be adapie
both consumer and enterprise applications and fepeci
application use cases. Here Routing API calculaiates
between two or more points based on user intetgsind

it provides to the LBS and finally LBS send the iiddal
route-related information like exact Direction aficvel
timings to users.

M. SYSTEM DESIGN
The proposed query processing system is clieneserv

architecture and it uses a Google route API wiittnt$ as
mobile device (or) computer device and server on a
computer device. This system is used to reduceyquer
response time and number of route requests. The
architecture need to meet the necessary condifions
implementing the whole system.
e First, User sends the point of interest to Location
based services and this LBS integrated with route
API [1].
e Second, This LBS uses the range search for
accurate lower/upper bound travel time.
* Finally, It uses the parallelize route request to
reduce the query response time.

System flow of the query processing can be idetifis
shown in Fig.1.The process initiates with a clissties a
user query request. Each user having differenttpain
interest so user search the hotels based on inté&iest
user send query to the location based servicesttiese
LBS’s return the results with the help of Googleiteo
API. In LBS a range search algorithm is used fauaate
query results (i.e., exact travel timings and diogs) and
less query execution time. A user sends area teiséor
Search the hotel. Based on area it showing the auwib
best hotels, map button showing the route map.ekrav
timings and directions to the hotel, after selagtthe
hotel.

cw (e)=dist(e)/\ax (1)
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p.tc =sptw-(q,p) (2)
In second step, LBS find out the lower/upper bouadel
timings with using above equations (1), (2).Whenr&(€)
means lower bound travel time of a edge agdyvmeans
maximum speed.

Upload Updatadll | | ROUTE
ADMIY LOGIN Hotels datails APLS
Eocking
TUSER Hotals
Search Hotals Location hassd

Sarvicas

Famous Hotsls View

Hotal datails

Fouts savar Algorithm

Exact traveling Time

Digaction with Tranzpot

Fig.1: System flow of query processing system.

Iv. FRAMEWORK
To implement the complete system the procedurdsgaec

is introduced. The procedural section is examined i
various sections which are:

4.1 Location based Server

This LBS takes the input as query from user and skea
route request to online route API. LBS containsaBtp
and those are point of interest, route log and road
network. It finds out user point of interest basedgiven
query by using point of interest field. It sende thser
interest as route request to route API. This roRd
provides a shortest path to LBS [8]. It stores exaotes
and travel timings by using route log. Finallyfatwards

the results to user.

4.2 Parallel Scheduling Techniques

Our aim is to reduce the query response time aigd th
paper proposes advanced method for minimum query
response time through parallel scheduling techsigiée

can reduce the query response time by reducing eumb
of route request. Here we use two techniques taced
the customer response time and number of routeestqu
Customer response time takes the more time thama tim
spent on route request [4]. So we are considerireyyq
response time from route API's. However, Existing
parallel scheduling methods having some problems
related to route request because it takes extrée rou
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requests. Here we have two parallelization teclesqo
avoid the extra route requests. In first methodee@y
parallelization takes less execution time but ieslmot
gives the exact result and another method Dirediased
parallelization takes less execution time and githes
exact travel timings.

4.3 Range Query Algorithm

In this case, it presents our Route-Saver algorifbm
processing a range query. It applies the traves thiwunds
discussed above to reduce the number of route sexjue
To guarantee the accuracy of returned resultgnitoves

all expired routes in route log L. The algorithnrsfi
conducts a distance range search for P on G [6btain

a set C of candidate points. This algorithm coasi$two
phases to process the candidate points in C anel tte
query results in the set R. The first phase aimshtink
the candidate set C, so as to reduce the numbeute
requests to be issued in the second phase. Fiest, w
execute Dijkstra on G two times, using edge weight
respectively.

R

Fig.2: Predictive range query.

In predictive range query, there are three kindgusties
are distinguished based on the time span and tjienre
they specify. Similarly, we distinguish three kind$
queries for the predictive range query: timeslicerg,
time-interval query and moving query. The abovaeirfiy
shows examples of the three kinds of predictivegean
queries in a 2-dimensional space. Together withtithe
dimension, the coordinate space is 3-dimensional ugé
point objects in these examples for ease of pratent
although the following discussions also apply tgeots
with extents [11]. Q1 is a timeslice range query at
timestamp 1. Its query region is a disk. Objecti©ih it,
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while O2 or O3 is not in it. Therefore the answef}X1 is
01.Q2 is a time-interval range query spanning the plerio
[2,5]. Its query region is a cylinder. At timestarBpno
object is inQ2. ObjectO2 is moving and it moves into
Q2 at timestamps 4 and 5. Obje@& and O3 are not
moving and they stay outside d@2 all the time.
Therefore the answer 192 is O2. Q3 is a moving range
query spanning the period [2,5]. The center anilisadf

Q3 are both changing during the querying period. The
query region ofQ3 is a leaning truncated cone. No object
is in Q3 at timestamp 2. AlthougbB3 does not move, it is

in Q3 at timestamps 4 and 5 because of the movement of
Q3. The other two objects are outsideQH all the time.
Therefore the answer 193 is O3. From these examples,
we can see that the relative movements of objents a
time are important factors to determine answer$. [$&

the below route saver algorithm is used to redume t
number of route request.

Input: function Route-Saver-RANGE (Query (q,T), Data
setP)

» The first phase aims to shrink the candidate set C,
so as to reduce the number of route requests to be
issued in the second phase.

» It execute Dijkstra on G two times so its compute
the bounds p.ty, p.tg and p.tg for every
candidate p € C.

» Next, for each candidate p remaining in C, its
compute exact travel time p.using optimal sub
path property in L and use p.tto detect true
result.

* In the second phase, it issue route requests éor th
remaining candidates in C then insert the returned
route into the route log L.

» This route provides not only the exact travel time
for p, but also potential information for updating
the bounds for other candidate p [1].

Output: This algorithm returns result set R to the user
with accurate query result.

V. EXPERIMENTAL RESULTS
The mobile system or any system required an omboge

API to answer location related query and this roid
integrated with location based server to providbeat
search relevancy of results. However, it shows texep
between source and destination along with query
execution time and here we can select the travatiode.

It shows exact travel timing based on traveling eod
Finally, it shows exact route direction to user.
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Fig.3: Showing map result

If user clicks map button in showing hotel detgibge

then it shows the map between source and destinatio
L R =

=Y 20 =

.Y

Fig.4: Showing travel times

It shows exact travel timing from user location to

particular hotel.
Fr—= -

— T

Fig.5: Showing exact directions

It shows exact direction from user location to jcaitr
hotel.

BOO

700
600
500 +
400

.| 300 | M Execution method RS

T a0 - M Execution method SMQ* |

100 +

o

Fig.6: Showing different queries execution times
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Our experiment shows the query execution time intRo
saver method. We find out SMQ* query execution time
based on survey. The above bar chart shows thay que
response time of a two execution methods and itessp
that route saver is more efficient than SMQ* in guent

of query response time.

VI CONCLUSIONS AND FUTURE SCOPE
It proposes a solution for the LBS to process range

gueries such that the query results have accuravelt
times and the LBS incurs few number of web mapping
requests. The time-tagged road network G and th&ro
log L to derive lower and upper bounds of traveses for
data points. During query processing, it explolsse
routes to derive effective lower-upper bounds favisg
web mapping requests, and examines the candidates f
queries in an effective order. This solution shalat
Route-Saver is more efficient than SMashQ.

In future, it can be enhanced to investigate autimma
tuning the expiry time d based on a given accuracy
requirement. This would help the LBS guarantee its
accuracy and improve their users’ satisfaction.

REFERENCES

[1] Yu Li and Man Lung Yiu, “Route-Saver:
Leveraging Route APIs for Accurate and Efficient
Query Processing at Location-Based Services,”
2015, pp. 235-249.

[2] D. Papadias, J. Zhang, N. Mamoulis, and Y. Tao,
“Query processing in spatial network databases,” in
Proc. 29th Int. Conf. Very Large Data Bases, 2003,
pp. 802-813.

[3] D. Zhang, C.-Y. Chow, Q. Li, X. Zhang, and Y. Xu,
“SMashQ: Spatial mashup framework for k-NN
queries in time-dependent road networks,” Distrib.
Parallel Databases, vol. 31, pp. 259-287, 2012.

[4] E. Kanoulas, Y. Du, T. Xia, and D. Zhang, “Finding
fastest paths on a road network with speed patterns
in Proc. Int. Conf. Data Eng., 2006, p. 10.

[5] E. P. F. Chan and Y. Yang, “Shortest path tree
computation in dynamic graphs,” IEEE Trans.
Comput., vol. 58, no. 4, pp. 541-557, Apr. 2009.

[6] Google Directions API. (2013). [Online].
Available:https://developers.google.com/maps/docu
mentation/directions/

[7] H. Samet, J. Sankaranarayanan, and H. Alborzi,
“Scalable network distance browsing in spatial
databases,” in Proc. ACM SIGMOD Int. Conf.
Manage. Data, 2008, pp. 43-54.

[8] J. R. Thomsen, M. L. Yiu, and C. S. Jensen,
“Effective caching of shortest paths for location-
based services,” in Proc. ACM SIGMOD Int. Conf.
Manage. Data, 2012, pp. 313-324.

[9] Pankaj K. Agarwal, “Range Searching”’,
Available:https://www.cs.duke.edu/~pankaj/publicat
ions/surveys/.

Page | 37



International Journal of Advanced Engineering Resezh and Science (IJAERS)
https://dx.doi.org/10.22161/ijaers/3.11.6

[Vol43sue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

[10]Peter Sanders and Dominik Schultes,” Robust,
Almost Constant Time Shortest-Path Queries in
Road Networks”, Available:
http://algo2.iti.kit.edu/schultes/hwy/hhTransit.pdf

[11]Rui Zhangl, H. V. Jagadish2, Bing Tian Dai3,
Kotagiri Ramamohanarao4,” Optimized Algorithms
for Predictive Range and KNN Queries on Moving
Objects”, Available:
http://www.ruizhang.info/publications/IS_MovingR
angeKnn.pdf.

[12]U. Demiryurek, F. B. Kashani, C. Shahabi, and A.
Ranganathan, “Online computation of fastest path in
time-dependent spatial networks,” in Proc. 12th Int
Symp. Adv. Spatial Temporal Databases, 2011, pp.
92-111.

[13]Wan D. Bael , Shayma Alkobaisil , Seon Ho Kim1 ,
Sada Narayanappal, “Supporting Range Queries on
Web Data Using k-Nearest Neighbor Search”,
Available:
http://infolab.usc.edu/DocsDemos/w2gis.pdf .

WWwWw.ijaers.com

Page | 38



I nternational Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers/3.11.7

[Vol-3, Issue-11, Nov- 2016]
| SSN: 2349-6495(P) | 2456-1908(0)

Experimental Study of Convective Heat Transfer

In a Horizontal Tube Using Nanofluids
Anurag Hatwaf, V.M.Kriplani®

Vishwabharti academy College of Engineering, Ahemaggr, India
Professor, G.H.Raisoni College of Engineering, Neigimdia

Abstract—Experimental analysis of heat transfer
characteristics of ADs/water and CuO/water nanofluids
flowing inside a horizontal circular tube heated thwi
uniform heat flux is conducted at Reynolds numbage of
2800 to 5000. AD; and CuO nanoparticles of 45 nm
average size dispersed in distilled water to forrabke
nanofluids. The volume concentration range of both
nanofluids was 0.1% to 0.7%. The result indicated heat
transfer coefficient of both nanofluids increasecampared
to base fluid, water. The heat transfer coefficienft
CuO/water nanofluid is higher than that of,® nanofluid
for the same concentration and same Reynolds nuriiber
case of CuO/water nanofluid the percentage increiase
heat transfer coefficient at Reynolds number 4886 %0%
as compared to water (at 0.1 vol. %) while in cade
AlL,Os/water nanofluid it was 22.2%. Further, the pressur
drop by using nanofluids was not noticeable.

Keywords— Enhancement, Heat transfer, heat exchanger,
nanofluid, thermal conductivity.

Nomenclature

A Outer surface area of the experimental (mifd

Cp specific heat of fluid (J/kg K)

dnyg hydraulic diameter of experimental tube (m)

h  heat transfer coefficient (W)

k thermal conductivity (W/m K)

m  mass flow rate of the fluid (kg/s)

Nu average Nusselt number zlthyq) / k

P tube periphery (m)

Pr  Prandtl number = u Cp/k

Q heat transfer rate (W)

Re Reynolds numberp=u d,,q/ 1

S cross- sectional area of the experiments t

T temperature (K)

U fluid velocity (m/s)

Greek letters

p  Density (kg/r)

] Viscosity (kg/m s)

@  Volume fraction
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Subscripts

b bulk

exp. experimental
in inlet

nf  nanofluid

out outlet

p particle

w  wall

l. INTRODUCTION
In the last few decades we have seen unprecedgraedh
in electronics, communication and computing tecbgias
and will continue to grow at the faster rate. Thalrm
management of high power systems like hybrid dkectr
vehicles (HEV), aerospace applications, micropreces
heat fluxes etc. are challenging issues. Eleatrdevices,
lasers, high-power x-rays, and optical fibers aregral
parts of today's computation, scientific measuretnen
medicine, material synthesis, and communicationicgsv
all these require high performance compact cooling
techniques. Enhancement of heat transfer and rieduct
energy losses is most important to deal with thergn
wastage problems. Extended surfaces technologids asi
fins, micro channels are reaching to their limiteerefore,
new technologies which have potential to improve th
thermal properties of cooling fluids are of greaterest to
the researchers. Conventional fluids such as wetlkeylene
glycol and mineral oils possess poor thermal cotidtyc
A possible effective way of improving heat transfer
performance on conventional fluids is to suspendlism
solid particles, such as metallic (e.g. Cu, Ag) amah-
metallic (e.g. CuO, RO; Al,O; TiO2) particles in
conventional fluids. Recent developments in
nanotechnology and related manufacturing technifpaee
made possible to manufacture the nanosized particle
Fluids with nanoparticles (diameter less than 100) n
suspended in conventional fluids are called naids|uas
coined by Stephen U.S.Choi and J.A.Eastman [1)yearl
1995, Argonne National Laboratory, U.S.A., to irase the
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heat transfer characteristics. Nanofluid due taritdecular
chain behavior, nanoparticles properly dispersethénbase
fluid achieved major benefits such as higher heat
conduction, microchannel cooling without clogging,
reduced chances of erosion and pumping power with
enhancement in thermal conductivity and stabilitf o
mixture. Heat transfer takes place at the surféigaudicles
and therefore it is desirable to use patrticle giith a large
surface area. Nanoparticles have extremely largéaca
areas and therefore much higher heat transfericRsrt
having size less than 20 nm carry 20% of their atam
their surface [13] making them available instantarsty for
thermal interaction.In general the above features of
nanofluids provide us the new area of researchamofiuid
technology, plays an important role to improve hieatsfer
and energy efficiency in several ara@asluding vehicular
cooling in transportation, power generation, defens
nuclear, space, microelectronics and biomedicakdsy
C.J.Ho et al.[2] experimentally investigated thercéml
convective  cooling performance of a copper
microchannelheat sinkwith ADsy/water nanofluid as the
coolant, Reynolds number ranging 226 to 1676. Resul
showed that the nanofluid-cooled heat sink have
significantly higher average heat transfer coedfiti and
therby lower thermal resistance, friction factorswfaund
slightly increased. Zeinali Heris et al. [3] exmeentally
investigated convective heat transfer of@y nanofluid in
laminar flow through circular tube with constant liwa
temperature. The results indicate that heat transfe
coefficient of nanofluids increases with Peclet bemas
well as nanoparticles concentration. Thermal cotidte
may not be the only reason for heat transfer erdrapnt in
nanofluids. Dispersion and chaotic movement of
nanoparticles Brownian motion and particle mignatioay
also cause the enhancement. S. M. Peyghambarzadéh e
[4] convective heat transfer in Al203/water naniflhhas
been experimentally compared with that of pure wate
automobile radiator. Concentration range used wast®
1.0 vol.%, liquid flow rate 2 — 5 liters/min., turlent flow
range 9x 18< Re < 2.3 x1% In addition the effect of inlet
temperature of 37 — 49 to the radiator on heat transfer
analysed. Results demonstrate that flow rate iserea
improve the heat transfer performance while flovetin
temperature to the radiator has trival effects.
S.M.Fotkian et al.[5] experimentally investigateotbulent
heat transfer and pressure drop ot3Vwater nanofluid in

a circular tube. The volume fractions of nanopbeticin
base fluid were 0.03%, 0.054%, 0.067% and 0.135%.
Results indicated the enhancement of heat transfer,
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increasing the volume fraction of nanoparticleshia range
used in their work did not show much effect on
enhancement of heat transfer. Pressure drop oliseras
much grater than base fluid. Experimental resulerew
compared with the existing correlations. .Manikgul
C.K., Vilayatrai M.Kriplani [6] reviewed the work of the
researchers. K.B.Anoop et al. [7] an experimental
investigation on convective heat transfer charasties in
the developing region of tube flow with constanath#ux
was carried out with alumina-water nanofluids t@laate
the effect particle size on convective heat transfe
laminar developing region. Average particle sizedbfnm
and 150 nm were used. Nanofluid with 45 nm pasdicle
showed higher heat transfer coefficient than thitth W50

nm particles in laminar developing region than digved
region. M.H.Kayhani et al. [8] Experimental anatysf
turbulent convective heat transfer of Al203/watanafluid
flowing inside uniformly heated horizontal tube viAl203
nanoparticles 40 nm size, volume concentration®4s,,1.5
and 2.0% was conducted. Results show that conechtat
transfer enhancement for 2.0% volume concentration
Nusselt number increased by 22% ar Re no.
13500.Comparaison between experimental results with
existing correlations was also done. Ahmed Elsastedl.
[10] their work presents a numerical study to itigede the
combined effect of using helical coils and nanaffuion
heat transfer characteristics and pressure loaseshulent
flow regime. Combine effect of Al203nanofluid andbé
coiling could enhance the heat transfer coefficlgnup to
60% compared with that of pure water in straigbetat the
same Reynolds number. Pressure drop in helicad osihg
Al203/water for volume fraction of 3% was six timgmt

of water in straight tube (80% of pressure dropgase due

to nanoparticles addition). M.Naraki et al.[11]
experimentally investigated the overall heat transf
coefficient of CuO/water nanofluid under laminayvil (100

< Re< 1000) in a car radiator. Results indicate thedase

in overall heat transfer coefficient with increase
nanofluid concentration (0 to 0.4 vol.%). Howevdr,
decreases with increase in nanofluid temperatora 0 to
80°C.In the developing region, the heat transfer dciefits
show higher enhancement than in developed regidn. A
concentration of 0.15 and 0.4 vol.% of CuO nandglasg,

he overall heat transfer coefficient enhancemeotspared
with the pure water are 6% and 8%.

The main objective of work was experimental invgesiion

of heat transfer enhancement in horizontal tubengusi
naofluids. The nanoparticles, /&8 and CuO, were
selected, as metallic oxides are cheaper than linebale,
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though metals have much higher thermal conductibign
metallic oxides and therefore, higher heat transfer
enhancement. Base fluid chosen was distilled water.

Il. NANOFLUID PREPARATION
The first step in experimental studies is the arapon of
nanofluids. Preparation of a stabilized nanofl@df great
importance in heat transfer applications of nandfu
Poorly prepared nanofluids will render biphasic thea
transfer (i.e. solid-liquid). Dispersant or surfaut was not
added as they may change the properties of theflnaho
Nanofluids were prepared with nanoparticles3l and
CuO (average size 45 nm) with deionized water & ba
fluid. The nanoparticles were purchased from Sigma
Aldrich, Germany.
Specific quantities of nanoparticles were mixed hwit
distilled water as the base fluid for both andrstrwith
magnetic stirrer for about eight hours. The stimedofluid
was kept for about 24 hrs. And no sedimentation was
observed. Immediately the experiment was started.

Table.l: Properties of AD; and CuO nanopowders

Properties Al,O4 CuO
Diameter (nm) 45 45
Density (kg/m3) 3700 800
Sp.Heat (J/kg-K) 880 660

Thermal
Conductivity 46 62
(W/m-K)

[l NANOFLUID PROPERTIES
Thermophysical properties of the nanofluid muskbewn
before using for experimental test. The nanopagicire
assumed to be well dispersed in the base fluid and
concentration of nanoparticles is assumed to bumiin
the tube. The thermo-physical properties of prapare
nanofluids are calculated from water and nanopastic
characteristics at mean inlet and outlet bulk tenaipees.
The following correlations for thermal conductivity
density, specific heat, viscosity are used.

The density of nanofluids can be predicted by theing
theory as:

pri = (1-0) pot + @ Pnp (1)

Knt = [{Knp + (N -1) kgt - B(N-1)( kot - Knp)} / {Knp + (N -1) by
+ O( Kot - Knp)}] Kot (2)
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The following relationship is used for calculatiohspecific
heat which is same approach as the mixing theoigyeafl
gases:

Cphoe =@ Cpnp + (1-0) Cpy €©)

Mo = Hor (1230° + 7.30 + 1) (4)

In the above equations, the subscripts “nf’, “npda’bf”
refer to the nanofluid, nanoparticle and base fluid
respectively.@ is the volume fraction of the nanoparticles
added to base fluid. ‘n’ is the imperial shapedacfiven by

n = 3k, and v is the particle sphericity, defined as the ratio
of the surface area of a sphere with volume equ#idt of
the particle, to the surface area of the partiated in this
paper n considered to be 3.
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Mano
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Fig.1: Experimental set up

V. EXPERIMENTAL APPARATUS
An experimental apparatus is designed and consttuict
investigate the convective heat transfer of naiglun a
horizontal circular tube heated with uniform hehixf
(Fig.1). The test section is a smooth horizontglpes tube,
inner diameter (ID) 9.5 mm, 1 mm thick and lengt® 1
meter. Electrically insulated nickrome heating evivas
uniformly wound along the length of the tube. The
terminals of the nickrome wire were connected ®wariac
transformer. Thermocouples were tapped along ube t
wall for monitoring the local temperatures of theface
tube wall. The heating tube and thermocouples were
covered with insulation to minimized heat loss to
surrounding. The pump gives constant flow rate. fitve
rate in the test section is regulated by adjustiregbypass
valve located in the reflux line Thermometers wikkasure
the inlet and outlet temperatures of working flumtameter
to measure required flow rates of the fluid. Coglimit at
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the exit of test section will cool the test fluid the inlet
temperature. To measure the pressure drop alongetiie
section a manometer was used. Readings were tdlan a
the system reached the steady state condition.

V. DATA ANALYSIS
Observations were taken at steady state conditloitmlly
experiment was performed with distilled water ativas
mass flow rates and then for . @k/water and CuO/water
nanofluids with volume concentrations 0.1- 0.7%o0wl
rates were same for all three fluids. Constant featwas
maintained in all the cases. According to the NeXgtdaw
of cooling,
Q=heA(TW-Tb) (5)
Where mean bulk temperature is given by
Th = (Tin+Tout)/2
Where Tin = inlet temperature of fluid
Tout = outlet temperature of fluid
Heat transfer rate,
Q=mCp«(Tout-Tin) (6)
Equating (5) & (6)
PexpA (TW — Th) = m Cp; (Tout=Tin)
hexg=[MCp Tout=Tin)J[A(Tw-Tb)] @)
Nu = (haxp Dhyd) Ik
Dhyd = 4S/P
All the physical properties are evaluated at bulkam
temperature Th, of the fluid.

VI. RESULT AND DISCUSSION
Experimental results are compared with Dittus-Barelt
(eq.8) and Gnielinsky (eq. 9) correlations
Nu=0.023R&%p1*4 (8)

Nu= [(f/8) (Re — 1000) Pf[1+12.7 (f/8° (PP* - 1)] (9)
3000< Re< 5 x 16 and 0.5 Pr< 2000

Where from Petukhov, 1970, friction factor f, was
calculated using equation (10)

f=(0.79 In Re — 1.69) (10)
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Fig. 5: Heat transfer coefficient Vs Reynolds nemb
0.7 vol.% AJOs/water

To validate the heat transfer coefficient enhancenceé
nanofluids experiment was performed on distilledtena
Experimental results of heat transfer coefficient o
nanofluids with varying volume concentrations were
compared with that of base fluid, distilled watéiso
experimental results were compared with that ofljgtens

of Dittus-Boelter and Gnielinski correlations [5].

Heat transfer coefficient increases with Reynoldsnber
and with increase in volume concentration of nanges.

In case of AJOs/water nanofluid (Fig.2), increase in heat
transfer coefficient at volume concentration of%.and at
Reynolds no. 4800, is 44.8% as compared with kidtil
water. Similarly in case of CuO/water nanofluidg8j), at
volume concentration 0.7% and Reynolds no. 48005 it
48.8%. Fig.4 shows the increase in heat transfefficient
for Al,Oswater and CuO/water nanofluids as compared
with distilled water. At Reynolds no. 4800 and @Ml\2%,
increase is 22.2% and 40% for,@k/water and CuO/water
nanofluid respectively. Experimental values of heatsfer
coefficient (Fig.5) are compared with that of prted by
Dittus-Boelter and Gnielinsky correlations (8, 9At
Reynolds no. 4800 and 0.7vol. %, heatsfiem
coefficient increase predicted is 2.39 times aridl 2imes
with Gnielinski and Dittus-Boelter correlations pestively.
Enhancement of heat transfer in nanofluid is duentech
higher thermal conductivity of nanoparticles digaer in
base fluids. Nanofluid concentration results inseean
effective thermal conductivity. Heat transfer emtement

is associated with particle motion in the form gb®nian
motion [13] by which particles move through liquachd
possible collide, enabling direct solid to solidrtsporting
of heat from one to another, and expecting incrdase
thermal conductivity. Other possible concept in aian
convection of fluid around particles due to theiotion,
particle transport some of the amount of heat feared
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through agitation in the liquid. Yet another cortdegdiquid
layering around the particle may give path for dagpiermal
conduction. A liquid shell around the particles deh like
solids, is assumed [13].

Concluding remarks

Nanofluid with enhanced thermal conductivity briregsout
enhanced heat transfer. However, in addition, wither
suitable conditions such as nanoparticles mataridl size,
appropriate particle concentration range, addities
maintain the stability may achieve higher heat dfan
coefficients. However, thermal conductivity is ribe sole
reason for heat transfer enhancement. Suspended
nanoparticles increase the surface area and thendhe
conductivity of suspensions increases with theorafi the
surface area to volume of the particle, hence aszen
heat transfer rate. As volume concentration of particles
increases the heat transfer enhancement increases.
Metals (Al, Cu, and Ag) have higher thermal condlitgt
and therefore experiments with metallic nanofluids
performed. Lesser the particle size greater will Hemat
transfer enhancement. This is because of increbéeat
transfer area. Size of nanoparticles should belsasmlarge
particles tend to quickly settle out of suspensimd
thereby causing severe clogging while passing tirou
microchannels and increase pressure drops conBlgera
Further large size particles may damage the equipme
such as pump, piping etc.
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Abstract— Tin doped indium oxide nanoparticles were
synthesized by nonaqueous sol-gel method and
solvothermal process from indium acetylacetonate
(In(acac);) and tin  bis(acetylacetonate)dichloride
(Sn(acac),Cl,) in oleyamine as the starting materials. The
structure and morphology of ITO samples were analyzed
by XRD and TEM. The electrical conductivy and specific
surface area of both 1TO samples were also determined
and compared to each other. The ITO prepared via
solvothermal method showed better results that prepared
by nonaqueous sol-gel method.

Keywords— ITO, Tin doped Indium Oxide,
nanoparticles, nonaqueous sol-gel, solvothermal.

I. INTRODUCTION

There is continuing interest in Tin-doped Indium oxide
(ITO) for a variety of applications including liquid crystal
displays, optoelectronic devices, heat reflecting mirrors,
and sensors. [1-7] More recently, nanoparticles (NPs)
made of ITO have been investigated as emerging
materials for catalyst support in fuel cell applications due
to high conductivity of indium oxide as well as its stable
durability in acid at oxygen reduction reaction (ORR)
relevant potentials. [8] In addition, the serious problems
involved in reducing the Pt utilization such as carbon
corrosion of the support substrate, [9] Pt sintering, [10]
Pt dissolution [11] are also overcome by reason of
combining Pt nanoparticles with the SnO,. [12,13]

It is evident that for nanoparticle synthesis, in which size
and shape have a crucial influence on the properties of the
materials. Therefore, preparation of ITO powder with
nano size, excellent dispersibility, high crystalline and
homogenous shape is the key requirement to bring about
the good characteristic of ITO materials include electrical
conductivity and specific surface area. Metal oxides NPs
can be synthesized by a wvariety of solution-based
techniques such as coprecipitation, sol-gel chemistry,
microemulsion, hydrothermal/solvothermal processing
and template syntheses. Among them, the nonaqueous
sol-gel method and the solvothermal method are
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particularly attractive routes which enables the formation
of metal oxides at low temperatures and overcomes the
aggregation of particles. [14]

In this manuscript, we report the solvothermal and sol-gel
synthesis of ITO NPs from indium acetylacetonate
(In(acac);) and tin  bis(acetylacetonate)dichloride
(Sn(acac),Cly) in oleyamine. The comparison of the
structure and morphology of the materials in two methods
is described. The conductivity and surface area of ITO
Nps prepared by these methods are compared to each
other.

1. MATERIALS AND METHOD
2.1. Materials
All reagents and solvents are commercially available and
used without further purification Indium(I1T)
acetylacetonate (In(acac)3, 99,99%), oleyamine (70%)
were purchased from Acros — Belgium. Tin(IV)
bis(acetylacetonate)dichloride (98%) were purchased
from Sigma — Aldrich. Ethanol (99,7%) were obtained
from Xilong — China.
2.2. Preparation
2.2.1. Nonaqueous sol-gel synthesis process of ITO NPs
A total of 0.2699 g of In(acac); and 0.026 g of
(Sn(acac),Cl,) were combined with 4 ml of oleyamine in
a three-neck flask connected with a condenser. This
solution was continuously stirred and heated at 235°C for
3h in air. After the dark yellow suspension was produced,
grey crystals were collected by centrifugation, washed
many times with ethanol and dried at 80°C for 24 h in air.
2.2.2. Solvothermal synthesis process of ITO NPs
The starting materials, 0.2699 g of In(acac); and 0.026 g
of (Sn(acac),Cl;) were first dissolved in 4 ml of
oleyamine under constantly magnetic stirring at 500 rpm
for 1 hour. The mixtures were added to Teflon-lined
stainless autoclave of 100 mL capacity, which was heated
and maintained at 220°C for 24 h, and then gradually
cooled to room temperature. The resultant precipitate was
collected by centrifugation, washed with ethanol for
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several times and dried at 80 °C for 12 h in air. The final
ITO powders were blue.

2.3. Characterization

Powder X-ray diffraction (XRD) patterns of ITO
nanosupport-catalysts were obtained with XRD — DS
Advance — Bruker AXS (Germany) measurements using
CuKa X-ray tube emitting at 1.54 A. The data were
collected from 20° to 80° in 20 scale in step size of 0.03°
with a scan rate of 2°. min-1.

Transmission electron microscopy (TEM) images were
performed at 100 kV on a field-emission instrument of
the type JEOL JEM-1010 with an ultrahigh resolution
pole piece, providing a point resolution about 2 A.

The specific surface area of the ITO nanoparticles was
measured by multi-point Brunauer, Emmett and Teller
adsorption (BET, Quantachrome Instruments Nova
2200e) with nitrogen gas at 77K.

Conductivity measurements were performed on ITO
pellets (6 mm in diameter) prepared from about 120 mg
of powder in an evacuated press under a pressure of 2
tons on Manual 12 Ton SpectroPress® instrument.
Resistance across the pellet was measured by a digital
multimeter (manufactured by Faculty of Physics and
Engineering Physics - University of Science HCM city) in
a four-probe mode for eliminating the undesired
resistance of the measuring circuit. The specific
conductivity o was calculated from the measured
resistance R as o = /RS, where S is the electrode area
and 9 is the pellet thickness.

1. RESULTS AND DISCUSSION
The measured X-ray powder diffraction spectrum in the
range of angles (2_) between 20° and 80° for the Tin
doped indium oxides nanoparticles is presented in Figure
1. All diffraction peaks match the JCPDS 06-0416
database for the cubic bixbyite In,O3. No diffraction due
to SnO, phases are observed, suggesting that Sn is
incorporated into the In,O; nanoparticles. The peaks of
ITO2 NPs prepared via solvothermal method are stronger
and narrower than that of ITO1 NPs prepared by sol-gel
synthesis, indicating that the solvothermal method
produces high crystalline materials. It has been found that
Sn** doping induces the shifted peaks of ITO to the
higher 26 values comparing to pure In,O; due to a smaller
ionic radius of Sn*. The ITO2 NPs prepared via
solvothermal method show this clearly than ITO1 NPs
prepared by sol-gel route. The result suggests that the
doping level of ITO2 NPs synthesized via solvothermal is
better. In addition, the color of ITO products (Figure 2)
have the following change: white as In,O; NPs, gray as
ITO1 solgel and blue as ITO2 solvothermal.  This
observation can be explained that the doping level of Sn
into the structure of In,O; NPs is higher, the free-electron
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concentrations are more, which influences the UV vis
transmission spectra of ITO NPs. [15,16]

(a) In,O, JCPDS 06-0416

250 —— (b) SnO, JCPDS 41-1445
(c) ITO1 _solgel
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Fig.1: XRD patterns of tin-doped indium oxide (ITO) NPs
with the different synthesis methods.

Fig. 2: The color of In,O3 sample (a), ITO1_solgel (b)
and 1TO,_solvothermal (c).

TEM micrographs of ITO1 sample without using
calcination process are presented in Figure 3 shows the
TEM images of ITOI solgel and ITO2 solvothermal.
Surprisingly, ITO1 solgel NPs are isolated as flowerlike
clusters with size distribution in the range of 7 to 14 nm
while ITO1_solvothermal NPs shows the spherical shapes
and the high crystallinity of the particles with relatively
uniform sizes of ca. 50 nm, in good agreement with XRD
results determined by the Scherrer’s formula. The
morphology of ITO1 and ITO2 are completely different
because the surface of ITO1 solgel is covered by organic
ligand whereas the organic coverage is broken by
solvothermal process. [17]
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Fig.3: TEM micrographs of ITO samples: the overview of
ITO1 solgel (a) and ITO2_solvothermal (c); the high
resolution of ITO1_solgel (b) and ITO2_solvothermal (d).

Sample EC (S/cm) BET (m?/g)
ITO1 solgel 0.089 63.568
ITO2_solvothermal 1.25 17.369

There were nearly four times as much the surface area
value of ITOIl solgel (63.568 m’/g) as that of
ITO2_ solvothermal (17.369 m%/g). On the other hand,
ITO2 solvothermal shows the higher electrical
conductivity value than the other sample, respectively
1.25 S/cm and 0,089 S/cm. The results are consistent with
good crystalline structure and high doping level of ITO2
prepared via solvothermal method. However, its surface
area value is quite small because the particles size is
relatively large.

V. CONCLUSIONS
In summary, the ITO NPs have been successfully
synthesized by both methods include sol-gel and
solvothermal process. The solvothermal route show the
properties  such  structure, shape, and electrical
conductivity of ITO materials are superior to the sol-gel
synthesis. However, the particles size is the major
drawback of ITO NPs prepared via solvothermal method.
The as-prepared ITO samples can be further investigated
for noncarbon support of Pt in PEMFC.
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Solar Powered VVulcanizer: An Innovation
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Abstract— This experimental research design was
developed to a Solar Power Vulcanizer (SPV) in all
serviceable aspects to save time, investment, manpower
and the environment.

This study is all about the utilization of the nature’s
power - the SUN’S POWER that means no brownout in
vulcanization operation. SPV is designed for greening
the world to be lived by from generation to generation.
The result of the three vulcanizer has the best
temperature at 60°C in which the gum was bonded
exactly to the rubber tire. Solar vulcanizer’s rate of
energy consumption of 0.0033 and an efficiency of
85.22%, while Class B gum, rate of energy consumption
is Php 0.0067 and an efficiency of 85.22%. Portable
electronic vulcanizer’s rate of energy consumption at Php
0.0757 and an efficiency of 85.22%, while the Class B
gum the rate of energy consumption at Php 0.15 and an
efficiency of 85.22%.

Conventional vulcanizer’s rate of energy consumption at
Php 1.08 and efficiency of 43.38%, while Class B gum’s
rate of energy consumption at Php 1.52 and with an
efficiency of 78.08%.

This study concluded that the usage of nature’s power
resulted to a continuous power supply to the vulcanizer;
and the accurate temperature and duration of the
vulcanizing process using the SPV which eliminates the
problem of gas emission (carbon dioxide) produced by
the conventional (gas fired) vulcanizer of about 2.772 kg
of carbon dioxide for 1 liter of diesel fuel and/or 2.331 kg
of carbon dioxide for 1 liter of petrol into the atmosphere.
Keywords— solar vulcanizer, portable vulcanizer,
electronic vulcanizer, electric vulcanizer, conventional
vulcanizer.

I. INTRODUCTION

This study is all about the utilization of the nature’s
power - the SUN’S POWER that means no brownout in
vulcanization operation. This solar power operated
vulcanizer is a green machine and environmentally-
friendly equipment. Its design is considered for greening
the world to be lived by from generation to generation.
The modernization of this gadget is introduced for the
benefit of mankind.

Renewable energy dramatically lowers pollution
emissions, reduces environmental health risks, and slows

Www.ijaers.com

the depletion of finite natural resources. Renewable
energy is derived from sun, wind, water, or the earth's
core. It can also be derived from biomass—or plant
matter—which is grown, harvested, and transferred into
energy by one of a number of processes.

Therefore, as a green machine, it is an “environment
friendly” product. The radiant light and heat from the sun,
has been harnessed by humans since ancient times using a
range of ever-evolving technologies.

A. Rationale

This electronic vulcanizer and the conventional
vulcanizer (carbon dioxide emitting apparatus) have a
common problem. In electric vulcanizer, if power supply
is cut down during vulcanization, the process is not
completed and will result to damage and an uncured
vulcanization results. To solve the aforementioned
problems and for environmental concern, (gas emission),
this innovative technology (solar power vulcanizer) is
studied which is expected to be applied over time as
technology changes.

B. Flow Chart of the Study

OUTPU

Solar Power
Component

&

SAO - Portable
Electric

Vulcanizer

NIZER

Fig. 1: Flow Chart of the Study
Fig. 1 shows the construction methods of this solar power
machine in three steps.
C. Objectives
Specifically, this study was conducted to:
1. identify the design of a solar power vulcanizer
(SPV);
2. determine the material component for the solar
power electronic vulcanizer (SPV);
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3. find out the efficiency solar power vulcanizer
(SPV) in terms of vulcanization operation; and

4. find out the economic feasibility of the solar
power electronic vulcanizer.

Il. REVIEW OF RELATED LITERATURE
The work environment refers to the aggregate of
surrounding things and conditions that affect the quality
of work, life and the individual itself being an employee
Or an entrepreneur.
The Technical Education Skills Development Authority
(TESDA) reported the government’s quest to realign
technician education program to be of paramount
importance. Mismatch problems of the education sector
and industry are vital issues as regards the graduates of
colleges and universities, wherein most of them cannot
find jobs because of lack of skills needed by the
industry. Hence, graduates of technical courses have
wider range of employment compared to those graduates
of white collar profession[1].
The technological development begins with basic
research when a scientist discovers some new phenomena
or advances new theory. Other reaches to examine the
breakthrough for its potential utility. If further
development leads to a prototype and engineering
refinement makes commercial exploitation practical.
Then, the technology that is finally put to use and may be
widely adopted[2].
Technological changes take place in many directions at
once; that is, it is multi-lineal. Bar codes, for example,
are used to track items not only in grocery stores but also
in warehouses, assembly lines, shipping docks, libraries,
even in the Department of Defense. Technological
changes are also nonlinear; developments take irregular
directions. There are many dead ends, and each highly
visible advance may depend on a host of small
developments (including failures)[3].
Renewable technologies are designed to capture and store
this energy. They include:

e Photovoltaic solar panels convert sunlight directly
into electricity.

e  Wind turbines capture wind to turn rotors, which
turn a generator and creates electricity.

e Transpired solar collectors use sunlight to preheat
air for heating purposes.

e Solar hot water heaters use the sun to heat water
for domestic applications.

e Small-scale hydroelectric power plants flow water
over turbines, which turn a generator and create
electricity.

e Fuel cells combine hydrogen and oxygen to
produce electricity and heat.
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e Ground source heat pumps transfer heat to the
ground in summer and extract heat from the
ground in winter.

e Green power is electricity generated from
renewable sources such as wind, solar,
geothermal, biomass, and landfill gas.

Solar Power Tower Design (also known as 'central tower'
power plants or 'heliostat' power plants) capture and focus
the sun's thermal energy with thousands of tracking
mirrors (called heliostats) in roughly a two square mile
field. A cost/performance comparison between power
tower and parabolic trough concentrators was made by
the NREL which estimated that by 2020 electricity could
be produced from power towers for 5.47 ¢/kWh and for
6.21 ¢/kWh from parabolic troughs. The capacity factor
for power towers was estimated to be 72.9% and 56.2%
for parabolic troughs[4].

Levelised Cost. Given the fact that solar thermal power is
reliable, can deliver peak load and does not cause
pollution, a price of US$0.10 per kWh starts to become
competitive. Although a price of US$0.06 has been
claimed[5]. With some operational cost a simple target is
1 dollar (or lower) investment for 1 kWh production in a
year.

Related Studies

The Philippines today must recognize the present
educational technologies status that these may be used
whenever possible to enhance and equalize the
opportunities in this field of technical education, like in
the engineering field, considering that license
professional  engineers undermine the people who
graduated technical education only, even though that
these people are sometime more skillful than them. The
problem of mismatch does not only embrace from
technology graduates but they are included for some do
not carry practical skills.

Former President Fidel V. Ramos [6], stressed that the
living condition of the people in every sector of society
can be improved by initiating family investment or
group. He wanted the Philippines to be a New
Industrialized Country (NIC) in Asia and the Pacific by
2000 and beyond. Thus, Executive Order No. 318, s.
1991, was passed to reinforce functional program in the
implementation  toward  industrial reform  and
development.

Vulcanization Methods[7]

A variety of methods exist for vulcanization. The
economically most important method (vulcanization of
tires) uses high pressure and temperature. A typical
vulcanization temperature for a passenger tire is 10
minutes at 170 °C.

Vulcanization is the chemical process by which the
physical properties of natural or synthetic rubber are
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improved; finished rubber has higher strength and
resistance to swelling and abrasion, and elastic over a
greater range of temperature. In its simplest form, heating
rubber with sulfur brings about vulcanization.
The Discovery of Vulcanization
Vulcanizing gum is a ready-made natural rubber that is
vulcanized to bond  the rubber tire. Therefore,
vulcanization of rubber is a curing process of rubber that
involves high heat and the addition of sulfur or other
equivalent curatives[8].
Rubber
Vulcanizing gum is classified according to its texture,
bonding temperature and the content of accelerators. The
three classes of the gum are as follows[9]:
Class A — usual bonds on the rubber 30°C-70°C and is
smooth;
- Use for small punctured and cracks in the
inner tube rubber tire.
Class B — usual bonds on the rubber 35°C-80°C and is
moderately rough;
- Use for medium or punctured holes and
cracks/scars in the inner tube rubber tire.
Class C — usually bonds on the rubber 45°C to 90°C
and is very rough;

- Seldom available in the market and is used
in tire repairing big and busted with
cracks/scars in the inner tube rubber tire
and mostly used for tire recapping.

In modern practice, temperature of about 140° — 180° C is
deployed, and in addition to sulfur and accelerations,
carbon black oxides are usually added, not merely as an
extender, but improve further the qualities of the rubber.
Vulcanizing gum, which is a classified “ready to heat”
rubber, is now utilized to repair worn out interior/exterior
rubber tires with the help of vulcanizing equipment.
Certain problems such as inaccuracy of the product are
evident to third-world countries as the first-world never
used some[10].

Other Related Studies

Solar power uses the sun’s energy to produce electricity.
A number of solar technologies are currently available or
under development, like a Solar PV is the most familiar
solar technology. Photovoltaic’s use semiconductor
materials—most frequently silicon—to convert sunlight
directly into electricity.

The use of fossil fuels like coal and oil cause long term
damage to our world. They not only cause air pollution,
but reduce the ozone layer and contribute to the
greenhouse effect which is causing global warming. They
also cause untold damage to the environment.

Solar energy is clean and free of side effects to the
environment. Solar panels require little maintenance and
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usually last 25 or 30 years. Solar panels are made to
withstand the elements of the northern climate, such as
snow, sleet and hail. Solar increases the value of one’s
property[11].

The technological development begins with basic
research, when a scientist discovers some new
phenomenon or advances new theory. Others reach and
examine the breakthrough for its potential utility. If
further development leads to a prototype, and
engineering refinement makes commercial exploitation
practical’s, then, the technology is finally put to, use may
be widely adopted[12].

Engineering and Technology Education goes hand in
hand to the rapid pace of globalization which pressures
nations to be competitive in order to survive. In this field
of education its ushers the freer permeability of human
resources among countries. While it poses as a huge
challenge to the survival of Filipino workforce in the
global market, it yields various opportunities. This
challenge pushes for the continuing development and
replenishment of manpower through this field of
education in order to ensure that there are workers of the
right quality and right quantity for jobs that are made
available at any given instance. Further, it urges for a
stronger labor market intelligence and technology
development. Lastly, it encourages transformation of the
Filipino workforce to be knowledge-based and adaptable
to shifting skills or even occupations [13].

The Philippines today must recognize the present
educational technologies status that these may be used
whenever possible to enhance and equalize the
opportunities in this field of technical education, like in
the engineering field, considering that license
professional  engineers undermine the people who
graduated technical education only, even though that
these people are sometime more skillful than them. The
problem of mismatch does not only embrace from
technology graduates but they are included for some do
not carry practical skills.

I1l. MATERIAL AND METHODS

This chapter discusses the processes that were done
during the experiment and the tools that were used during
the experiment.
A. Rationale
The study utilized experimental research method which
includes the new design, selection and identification of
materials, assemblage or fabrication, and testing process.
B. Materials
The materials to be used in the assemblage of the SPV for
construction were the following:

A. Materials:
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Solar panels, charge controllers, storage batteries, wires
and cables, system meters and monitors, solar array
disconnect, battery charge controller, deep cycle batteries,
solar power converter/inverters, backup power, angle
bars, steel bars, and bolts and nuts.

B. Tools & Equipment
Portable electric drill, electric soldering rod, soldering
lead, multi tester(digital/analog), welding machine,
hacksaw, and ball-pen hammer.
These are the materials to be used to shape up the Solar
Power Vulcanizer. The parts is to be collected, measured
and welded, boring of holes for bolt and spring placement
and assembled as the new semi-auto-open portable
electronic vulcanizer.
Fig. 2 shows the schematic diagram of the solar power
electronic vulcanizing equipment.

| CIRCUIT
BREAKER

- AC
Legend: BREAKER PAMNEL
|= DC Megative I =DC Positive

| =AC Hot |=AC MNeutral |;ACernd

® - Fuse

Fig. 2: Schematic diagram of solar power electronic
vulcanizing equipment
C. Timetable of Research
This study was conducted during the school year 2013 -
2015 in the  Technology Department, College of
Engineering, University of Eastern Philippines,
University Town, Northern Samar.

IV. RESULTS AND CONCLUSIONS
The study utilized experimental research method which
included the new design, selection and identification of
materials, assemblage or fabrication, and testing process:
1. New design. The new design of the solar power
vulcanizer (SPV) vulcanizing equipment was based
on the power supply shortage that hampers the
vulcanization operation. The following features of
this SPV machine are as follows:
1. Vulcanizing Machine
a. The vulcanizing machine weighs 9.25 kilograms;
total length of 49 cm, height of 33.5 cm, back width
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(panel board) of 22 cm with front width (front base)
of 14 cm, and environment-friendly.

b. Its body configuration is like a letter L
configuration. A movable arm is like a letter J
appearance is bolted at the top of the base, that is
made of GI pipe schedule, 40 x 49cm in length x
6,3cm in diameter, and attached to it is a detachable
vulcanizer head of 15.5cm in length x 6.5cm in
width x 1.5cm in thickness.

c. The base was made of channel bar with dimension
of 47cm in length x 9cm in width x 6.5cm in height
and thickness of 0.30cm that served as foundation of
the equipment;

d.A flat type 300 watts mica heating element is
attached to the vulcanizer head and a box type panel
board of 22 c¢m in length x 27cm in width x 8cm in
thickness.

e. Cost of the vulcanizer machine is Php 8, 786.00

2. Solar panel components:
i. Solar panel 250 watts @P15,000/set
-3 sets Php 45,000.00
ii. Deep Cycle Battery 12volts 150 AH

@ P9,600/unit — 3 units---------- 28,000.00
Industrial inverter 1,500 watts
-1 set (pure sine wave) ------------ 7,200.00
iii. Controller 30 ampere -------------- 2,500.00
iv. Accessories (wiring, switches,
Holders bolt and nuts, etc.) -------- 8,900.00
Total  --------- Php 91,600.00
Total Project Cost ----------- Php 100,386.00

3. Selection and identification of materials. Selection
and identification of materials was seriously
considered for this study.

4. Fabrication. Based on the plans and design,

Testing process. Testing of the machine was
undertaken to determine the workability of the
machine.

The design of this solar power electronic vulcanizer is
due to intermittent brownout in the province.

The function of the component parts of the SPV machine
comprises seven (7) basic main components, namely:

1. Solar Panels - One can order discount photovoltaic
cells online, and assemble these into complete 80W,
200W, or 500W solar panels.

2. Solar Array Disconnect - This is basically just an
electrical switch but is an important part of the system. It
allows disconnection and cutting off the DC power output
from solar panels and array should any repairs be required
or if there is a problem with the solar system.

3. Battery Charge Controller - The battery charge
controller ensures that a consistent amount of electrical
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power is sent to the batteries so that they are not over
charged, and to ensure that the backup batteries do not
discharge back through the system at night.

4. Deep Cycle Batteries - Deep cycle storage batteries
for solar systems are more robust and are designed for the
type of charging and discharging cycles they need to
endure.

5. System Power Meter - Help improve the system to
gain the maximum efficiency from solar installation as
well as having the advantage of letting neighbors know
how much money a solar system saves.

6. Solar Power Converter - The solar power
converter converts the solar energy from the panels into
usable energy in the home by providing the DC to AC
conversion using electronic switching techniques.

7. Backup Power - This is used when the sun does
not shine and the batteries are empty. Most systems will
include some sort of backup power. In a stand-alone
installation this would generally be a diesel generator. In
a grid-tied system the utility grid itself would provide the
backup power through the converter.
Data on TABLE 1 & 2 shows that the three vulcanizers
had the best temperature at 60°C in which the gum was
bonded exactly to the rubber tire. For solar vulcanizer the
rate of energy consumption of 0.0033 and an efficiency of
85.22%, while the Class B gum, the efficiency of 85.22%.
For electronic vulcanizer the rate of energy consumption
at Php 0.15 and an efficiency of 85.22%.
For the conventional vulcanizer, the rate of energy
consumption at Php 1.08 and an efficiency of 43.38%,
while the Class B gum, the rate of energy consumption at
Php 1.52 and with an efficiency of 78.08%.

Table.1: Time/Temperature/Power/Fuel Consumption/

Solar Power/Electronic/Conventional Vulcanizer

Table.2: Efficiency and Rate of Energy Consumed of
Solar Power/Electronic/Conventional Vulcanizer

Table Column Head
Type Tempera
of Time in turep in Power/Fuel
Vulca | Minutes oc Consumed
nizer Class
A B A B A B
Solar | ) 0 | 60 0.005kw- | 0.10 kw-
hr hr
Elec
romic ! 5 60 | 60 0.005kw- | 0.10 kw-
a hr hr
Conv
ention 5 10 60 | 60 20ml 30ml
al®

a. Ramis. E.Z. Efficiency of Portable Electronic
Vulcanizer, World Journal of Engineering and
Technology, Volume 3, No. 1. February 2015.
ISBN: 2331- 4222.
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Technology, Volume 3, No. 1. February 2015. ISBN:

2331-4222.
Fig. 3 shows that the conventional vulcanizer is also five
(5) times behind the operation compared to the solar and
electric vulcanizer for both Class A vulcanizing gum. It
consumed 20ml of fuel for class A. The efficiency of
43.38% for Class A gum. The solar power vulcanizer
was five (5) times efficient Class A and B gum compared
to the conventional vulcanizer. It shows also that the cost
per kw-hr was only Php 0.0067 for both gums and an
efficiency of 85.22% for Class A gum.

Type Cost Rate of Energy | Results | Efficiency (%)
of in Consumption
Vulca Kw-
nizer hr/
Gas-
ml
Class
AlB A |B|A] B A
Solar Php Php Php Best 85.22%
0.0067 | 0.0033 | 0.0067 | bonding
Elec Php Php Php Best 85.22%
tronic® | 0.0067 | 0.0757 | 0.15 bonding
Conven | Php Php Php Good 43.38% | 78.08%
Tional® | 0.054 1.08 1.52 | bonding
a.Ramis. E.Z. Efficiency of Portable Electronic
Vulcanizer, =~ World Journal of Engineering and
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80 -
60 -
40 - m Solar
20 -
0 - T N N B 1 | m Conventional
£ 0 L 285 8% ,
s 222958 Electronic
EST o8 &
FE S 3xcxg
g L ° S
5 5
'—

Fig.3:The Solar, Conventional, & Electronics vulcanizers
using Class A vulcanizing gum

Fig. 4 shows that the electronic vulcanizer was also five
(5) times efficient for Class A and B gum compared to
the conventional vulcanizer. It shows also that the power
consumed at Php 0.010 kw-hr for Class B gum and cost
per kw-hr was only Php 0.0067 for Class B gum. The
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rate of energy was Php 0.15 for class B gum with an
efficiency of 85.22%

100 -

80 -

60 -

40 -

m Solar

20 -

0 o vosiossoa m Conventional
s o o2 '>‘m>x .
£52:2 25 5 Electronics

~— N~ v .=
ES K523
E228g ™ &
£ g0 o w
o O & 2
g g
=

Fig.4: The Solar, Conventional, & Electronics
vulcanizers using Class B vulcanizing gum

This study concluded that the usage of nature’s power
resulted a continuous power supply to the vulcanizer and
the accurate temperature and duration of the vulcanizing
process using the electronic vulcanizer which eliminates
the problem of gas emission[14] (carbon dioxide)
produced by the conventional (gas fired) vulcanizer of
about 2.772 kg of carbon dioxide for 1 liter of diesel fuel
and/or 2.331 kg of carbon dioxide for 1 liter of petrol into
the atmosphere.

V. CONCLUSION
This study concluded that the usage of nature’s power
resulted a continuous power supply to the vulcanizer and
the accurate temperature and duration of the vulcanizing
process using the electronic vulcanizer which eliminates
the problem of gas emission[14] (carbon dioxide)
produced by the conventional (gas fired) vulcanizer of
about 2.772 kg of carbon dioxide for 1 liter of diesel fuel
and/or 2.331 kg of carbon dioxide for 1 liter of petrol into
the atmosphere.
The findings of this study have an important implication
for future enhancement and improvement of the study.
More tires can be vulcanized in a short period of time;
therefore increase income over time.
It is suggested that this solar power vulcanizer should be
adopted in welding, automotive and machine shops to
save time and investment in their operations;
Small time businesses like vulcanizing shops in the
Philippines are encouraged to provide this solar power
vulcanizing machine so that they can save money and
labor in their operation;
It is suggested also that this study be innovated thru
additional features like automatic release of vulcanizer
head after the vulcanization process.
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Characterizing the Bistable Flow, of BWR, as a
Bifurcation (Pitchfork Type) in the Navier-
Stokes’ Equation Solution

Dr. Carlos J. Gavilan Moreno

Cofrentes NPP. Iberdrola Generacién Nuclear, Paraje el Plano S/N. Cofrentes 46625. Valencia. Spain.

Abstract— Many nuclear power plants have undertaken
power uprate processes, increasing recirculation, feed
water and steam flow rates. With regards to recirculation
flow, adverse scenarios,may arise where the flow varies
autonomously between two values, a phenomenon known
as bistable flow.Although this phenomenon is typically
related to power uprate processes, some plants
experience it when they reach high flow values, especially
at the end of the cycle.

This study proves empirically the existence of a Pitchfork-
type bifurcation in the bistable flow situation.The
parameter determining bifurcation will be Flow Control
Valve (FCV) position in recirculation loop. This choice is
made considering that it is the only variable during
recirculation loop operation, because under stable
operation and constant power the remaining variables
(Geometry, Combustible, Differential Core Pressure,
Pump Turning Speed (r.p.m.), etc.), are considered
constant.

Keywords— Bifurcation,
recirculation, FCV, flow.

pitchfork, bistable,

l. INTRODUCTION

In 1985, an electrical power fluctuation was detected at
the Leibstadt Nuclear Power Plant during startup and load
tests at 100%. Loop “A” fluctuation ranged between 2.5%
and 3%, whereas in loop “B” it was between 3% and
3.5%. It was concluded that recirculation flow
fluctuations were caused by a bistable flow pattern in the
pump discharge header.

In the year 1986, the first regulatory reference on
abnormal performance of recirculation loop flows was
written. (USNRC IE IN No. 86-110). This document
determines that fluctuations vary from station to station
and even within the loops of the sameunit. This
document also concludes that this phenomenon does not
impact safety.

In July 1988, General Electric issued a letter (General
Electric Energy, Nuclear SIL No. 467) establishing that
the problem affects Boiling Water Reactors BWR from
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generation 3 to 6 and is detected at the manifoldsof pipes
supplying jet pumps. (Figure 1).

JET PUMP

JET PUMP PIPE

RECIRCULATION PIPE
MANIFOLD

ISOLATION YALVE PUMP HOTOR

CONTROL YALYE
ISOLATION YALYE

¥>< RECIRCULATION PUMP

Fig.1: Recirculation loop scheme in a Generation 6 BWR.

In Japan, between1986 and1989 a group of researchers
applied various hydraulic models to replicate (Miura et al
1986), characterize (Miura et al 1987) and propose
compensatory measures (Ohki, A. et al 1988) to the
bistable flow.

In 2006, a bistable flow phenomenon analysis was
presented at Laguna Verde nuclear power plant in
Meéxico. (Nufiez Carrera et al., 2006).

After 2008, new research (Gavilan Moreno, C.J. 2008),
concluded that the bistable flowcan be described as a
noise-induced transition mechanism (Horstheme &
Lefever (2005)). In this theory, noise is identified as flow
turbulence under high Reynolds values.

In 2009, bistable flow analyses continued, using
mathematical techniques such as wavelets (Nufiez-Carrera
et al., 2009) and codes for fluid dynamics. These were
used to replicate the results of hydraulic models from the
80s. (Gavilan Moreno, C.J. 2009).
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In 2011, a new 3D CFD model confirmed the existence of
two states and the non-convergence of the stable
condition at specific Reynolds values. (Gavilan Moreno,
C.J. 2011)

In line with the above mentioned in this section, the state
of the art in bistable flow can be summarized as
Unpredictable, fluctuating hydraulic phenomenon,
characterized by high turbulence.

In the following paragraphs,the Pitchfork type
bifurcationconcept is introduced and justified.

Supposed a dynamic system, a bifurcation occurs when a
small smooth change made to the parameter values of a
system causes a sudden qualitative or topological change
in its behavior. The name “bifurcation” was first
introduced by Henri Poincare in 1885, in the first paper in
mathematics showing such a behavior.

It is normal to divide bifurcations into two classes: Local
bifurcations and Global Bifurcations. A local bifurcation
occurs when a parameter change, causes the stability of
equilibrium or fixed point to change. Examples of local
bifurcation include: Saddle-node bifurcation, Transcritical
bifurcation, Pitchfork bifurcation, Hopf bifurcation and
Neimark-Sacker bifurcation. In continuous dynamical
systems described by Differential Equations (DE)—i.e.
flows—pitchfork bifurcations occur generically insystems
with symmetry.Pitchfork bifurcationshave several types —
supercritical, transcritical and subcritical. Normally
solving the DE’s can be found that, for depending on
some parameters values, the system has one stable
equilibrium point, or an unstable pointor two stable
equilibria points.This last status is the key to identify the
bistable flow with the pitchfork bifurcation.

The recirculation system, of a BWR, is a hydraulic
system, whose behavior is described by the equation of
Navier Stokeswhich can be seen in Equation (1). The
recirculation system is a symmetric system. So the
solution of the Partial Derivatives Equation (PDE), could
present Pitchfork type bifurcation. A deeperanalysis is

done to justify the bifurcation.

DU =3 1 — —

Z=F-vp +%(§V(Vu) + Vzu)

@
The equation (Eg. 1) has the following vectors: u (speed),
P (pressure), p (viscosity) and p (fluid density). Since the
system has a constant section and there are no fluid sumps
or sources, integrated fluid speed is similar to the scalar
flow value. Likewise, pressure variation only depends on
FCV opening. Thus, Equation (1) can be reformulated as
Equation (2):
2= F(q.4) @

Where g=flow rate and A= FCV position.
Additional information regarding this equation and

systemis:
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e The fluid is in an incompressible state.

e The fluid is at a constant temperature.

e  The system responds with an equation similar to
q=q(A).

e Primary derivatives are determined by Equation
(3), with notation and secondary derivatives
being simplified in Equation (4):

0F(q.4) _ 0F(q.4) _
aq — 1q A - FA (3)
dF2(q,4) _ L 9F%(qA) _ dF2(q,A) _
agz a4’ ga2 _FAAVW_FM
4)

The stability analysis results from establishing a null time
derivative. In other words, if the system does not change
and FCV opening and other conditions do not vary, flow
remains the same. Mathematically, this is seen in equation
(5).

B =0=F(q4) 5)
So, analyzing bifurcations in Equation (4) is the same as
analyzing specific F curve points (q, A) on the
FCVopening-flow plane. Considering these parameters,
the points that confirm the equation (7) are considered
unique and can be classified as follows: Regular Points,
Regular Inflexion Points, Unique Points, Double Curve
Point, Double Inflexion Points and Peak Points.
The Double Curve Point generates two solutions and a
curve running through the unique point that has two
slopes. Although there are multiple potential shapes, the
one selected provides two stable results as it is coherent
with bistable conditions.

In the case of double point bifurcation, there is
anequilibriumpoint with two curves and two different
slopes. (loos, G; Joseph, P.D. 2001). Curve tangents
conform to Equation (6)

A 1 1
dA A Fqa 2| D
H o R R W R
dA
Where “D” is determined by equation (7):
D:FqZA_FAA'qu (7

Slope analysis results from analyzing the value of
parameter D. If D<0, there are no real tangential lines on
the point, which means the existence of a double point
and two slopes can only be justified when D>0. In this
case, if specific concepts are renamed, flow curve slopes
in relation to FCV opening are determined by equation
(8):

S (40) = qa(4) = —K; £ YK, ®)
For this equation to be true, the condition of Fqq not being
null must be satisfied,, The other condition for
conformance to D>0 is the verification of equation (9):

FqA > Z.JFAA : qu (9)
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To conclude this theoretical development, the
requirements for existence of a double point bifurcation
are mathematically confirmed because Fqq is not null and
D can, under specific conditions, be higher than zero.
And as the solution existence theorem says, if F(g,A) is
continuous, then at least one solution of the Equation 1
exist. (Existence and not uniqueness).

1. METHODOLOGY
The methodology used in this study has foursteps. The
Analysis is done based on recorded recirculation flow rate
(%) and FCV position (%) data for a full 24-month cycle
at an operating station.
S1. Determine the curve for recirculation flow (%) vs.
FCV position (%). Using the data from the plant computer
a third order polynomial is fitted with a 99.99% of
confidence interval. The polynomial order is determined
by the recirculation system designer. This step will
demonstrate that a continuous and derivable function
(Flow rate (%)-FCV position(%)) exists. This is a
prerequisite to have a bifurcation.
S2. The error is calculated as difference between fitted
curve values and real data for a given FCV position (%).
(Equation 10)

Error(FCV Position) =
Measured Flow (%) — Calculated Flow (%)
(10)

The analysis, of the equation (10) results, is the starting
point of the bifurcation study.
S3. Taken the FCV (%) error-position data, Figure 3 and
Equation (10), the bifurcation map is built. The
bifurcation start point and two branches that characterize
the pitchfork bifurcation are identified. The FCV position
is considered as bifurcation parameter and will be the
abscissa axe.
The bifurcated parameter is the recirculation flow rate. To
enhance the graphic representation, a linear conversion
will be done. So instead of recirculation flow rate (%)
analysis, the error (Eqg. 10) analysis will be done. The
analysis will be as follows:
e A time period, in which the FCV position (%) is
stable and constant, is selected. TheFCV position
(%) values selected for this task are 29, 62, 62.3,
63, 64, 68, 72, 77 and 82%. The reason is
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because the FCV position is not continuous nor a
differentiable as time function.

e New time series are recorded. Now, the time
between records is 1 s. The time series are again,
recirculation flow rate (%) and FCV position
(%).

e Using equation 10 and table 2, the error is
calculated from the recirculation flow rate time
series built from previous step.

e A histogram with the error data is built. New
variable named t (tau) is built. The value of 1
will be the error value in which the histogram
has a maximum (most expected value) but if
there are two maximums, then 1+ and t- will be
recorded.

e Based on 1 (tt, 1- ) and FCV position (%) the
bifurcation map is built.

2.1 Development

FCV position (%) and recirculation loop flow rate(%) are
interrelated time series with which a bifurcation diagram
will be developed. This approach is aligned with previous
works which use time series as a starting point
contributing to determinate bifurcation states. (Bagariano,
E. et al, 1998 & 2000). It is also important to take into
consideration that used time series are noisysignals.

The analysis of recirculation loop flow signal under
bistable conditions has a number of phases aimed at
determining flow signal features. Once this information is
obtained, the entire system is analyzed, with a special
focus on the relationship between recirculation loop flow
rate and FCV position. The idea, suggesting bifurcation
existencewill appear at this point.

2.1.1.  Flow control Valve (FCV) position (%)-

Flowrate(%) curve analysis (S1).

The studied NPP is a BWR 6 reactor, has two
recirculation loops, each with its own flow control valve
(FCV). (Figure 1)Figure 2shows records during a 24-
month operating cycle, of the recirculation flow rate (%)
and the FCV position (%).

A morphological analysis of the points cloud reveals that
after a 60% opening approximately, the cloud begins to
widen and after 62% it has a new width which remains
constant until the end.
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Fig.2: Operational points plot. (Recirculation Flow rate % vs. FCV position%).

The system designer fitted a third degree polynomial for the flow equation based on FCV position. This fit, with a confidence
level of 99.999%, provides the coefficients shown in table 2.

Table.2: Polynomial coefficients for the theoretical curve fittedwith actual data.
Calculated Flow (%) = a * (FCVpos)3 + b * (FCVppg)? + ¢ * (FCVpps) + d

a B c d
FLOW RATE- | 6.5801-10° -0.0188 2.1469 18.5307
FCV POSITION
ADJUSTMENT

So it is confirmed that there is a continuous and derivable function that stablish a relationship between flow rate (%) and
FCV position (%). Based on that, the existence of Navier-Stokes equation solution is clear, but the uniqueness is not ensured.
So the bifurcation is possible.

2.1.2.  Error analysis (S2).
Error (Equation (1)) is established as the difference between the measured flow value (%) and the fittedcurve value, as seen
in table 2 parameters.(Figure 3.)

ar

Error (Eq. 10) (%)
[=

i 4
20 30 40 50 60 70 80
FCV position (%)

Fig.3: Error vs FCV position (%).
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Figure 3confirms the idea that there is some kind of
phenomenon is changing flow patterns when FCV
positionis 60% or above. This is because the error value,
changes in shape and values. Error varies from about 0%
with a +-0.5% band to a +-1.5% band. Even for values
exceeding 80%, there is a clearly strong, differentiated
bias with regards to flow behavior at this FCV position.

A histogram is created to analyze the overall error. Figure
4shows the Error (Equation 1) histogram. The histogram

when analyzed leads to the conclusion that the average
error tends to positive values and with a certain level of
asymmetry for negative values. The histogram showed in
figure 4, could be explained as the superposition of two
normal distribution functions. The principal one has an
expected value or maximum on 0.1 and the secondary has
the expected value or maximum about 1%.

Fig.4: Error (Equ. 10)histogram

2.2. BifurcationCharacterization

The existence of a bifurcation structure will be
demonstrated in this phase through the selection of FCV
positionas the bifurcation parameter because isthe only
one variable parameter in the system.

This section is focused on characterizing the pitchfork-
type bifurcation for recirculation flow under bistable
conditions. The coordinate parameterwill be tau (1),
whereas the abscissa is the FCV position (%). The initial
bifurcation point will be FCV position at 62, 3 and 1=0.
The FCV position and tau values canbe seen on table 3.
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Table.3: tauand FCV position (%)values.
FCV Position (%) Tau(-) Tau(+) Reference figure

30,3 -0.577  -0.577
62,3 0 0 Figure 5
63,75 -0.674  0.293
64 -0.675 0.294
66 -0.728  0.306
68 -0.785  0.313
72 -0.863  0.256
77,5 -0.955 0.287 Figure 6
82 0 1.3

The graphical representation of values in table 3 is seen in
figures 5and 6. These values are used to create the
bifurcation map. (Figure 7).
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Fig.5: Recirculation flow evolution with FCV position value at 62,3 %.
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Fig.6: Recirculation flow evolution with FCV positionvalue at 77,5 %.
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Fig.7: Taubifurcation diagram. Continuous lines represent the values of stable and expected solutions (feasible)

The data in table 3 is used to create a set of points on
plane FCV position-t. The result is seen in the graph of
figure 7. An analysis of the graph in figure 8reveals the
evident existence of bifurcation on point (62,3,0), which
corresponds to a bifurcation of the pitchfork-type .

Deeper analysis shows that there are two consecutive
bifurcations and two bistable states. The first bistable
state is limited to FCV positionvalues ranging between
62,3and77(pitchfork bifurcation), whereas the second
bistable state occurs whenFCV position values are larger
than 77(secondary pitchforkbifurcation).

All the bifurcation analysis and results about tau(t) are
applicable to recirculation loop flow rate, because tau(t)
is a variable linearly dependent of recirculation flow
rate(%). So the recirculation flow rate has the same
bifurcation map, than tau(t) .

1. RESULTS ANALYSIS
In section 2.2 a bifurcation diagram is created in response
of the behavior of recirculation loop in a BWR6 unit,
which is the system under analysis.

The existence of bistable flow is proven as a physical
reality of the mathematical bifurcation concept. However,
it is necessary to relate flow states with mathematical
states and their physical meaning. This interpretation is
based on the results of this work and those of the
hydraulic model (Miura et al, 1986, 1987) and
computational fluid flow models (CFD). (Gavilan
Moreno, C.J. 2009).

The recirculation flow rate can have three stable states,
grouped in twos. The first two states, corresponding to
FCV positionvalues between 62.3% and 77%, are defined
by the vortex dynamics of flow adaption in the so-called
cross-piece. These states cause the following effects:
Vortex formation on the side legs of the manifold, in
normal operation.

The newly formed vortexes cause flow to take two forms:
one for direct inlet at high flow and the other for helical
current at low flow. (Figure 8, Low Flow Pattern and
High Flow Pattern)

Low Flow Pattern

Irregular
Vortices

Core of Spiral

Separation

Recirculation Drive Flow

High Flow Pattern

Recirculation Drive Flow

High High Flow Pattern

Recirculation Drive Flow

Fig.8: Recirculation loop cross-piece flow conditions for first bifurcation.
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In the first flow shape, pressure loss is as designed and
flow is quite similar to its theoretical value (Figure 8 High
Flow Pattern). In the second flow shape, pressure loss is
higher since helical flow has more internal fluid friction
and pipe wall friction, causing flow to be lower (Figure 8.
Low Flow Pattern).

The next bistable scenario occurs when FVC position is
77%. In this case, flow equals rated values and some
slightly higher (1%). In this state, flow takes two shapes:
one of direct inlet at high flow (coinciding with the
former high flow Pattern) and the other free of central
connection vortexes (which are dragged by the high
flow), hence reducing internal friction and enhancing
flow. (Figure 8 High High Flow Pattern).

V. CONCLUSIONS
The conclusions of this work are the following:
The bistable flow is a real flow situation in symmetric
dynamic systems. The recirculation flow rate has two
main values, but the FCV position just one.
The control system is not creating the bistable situation,
because there is no variation of any parameter. There is
no anomalous behavior of the recirculation system,
because the real curve of recirculation loop flow rate vs
FCV position fits very well with the theoretical one.
The Navier Stokes fluid flow equation, formally, allows
and justified the pitchfork type bifurcation. There are
situationswhere the solution, of the Navier Stokes
equation,is double, so this equation has two solutions that
comply with the system characteristics and boundary
conditions.
A bifurcation map has been built, and the bifurcation is
demonstrated. There are two bifurcations one at 62,3%
FCV position and other at 77% of FCV position. Both of
them arepitchfork type bifurcations.
The mathematical and real bifurcation has been correlated
with the fluid flow behavior in the recirculation loop.
More exactly the bifurcation is correlated with the fluid
flow behavior in the crosspiece and the turbulence regime
inside.
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Characterizing the Bistable Flow, of BWR, as a
Bifurcation (Pitchfork Type) in the Navier-
Stokes’ Equation Solution
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Abstract— Many nuclear power plants have undertaken
power uprate processes, increasing recirculation, feed
water and steam flow rates. With regards to recirculation
flow, adverse scenarios,may arise where the flow varies
autonomously between two values, a phenomenon known
as bistable flow.Although this phenomenon is typically
related to power uprate processes, some plants
experience it when they reach high flow values, especially
at the end of the cycle.

This study proves empirically the existence of a Pitchfork-
type bifurcation in the bistable flow situation.The
parameter determining bifurcation will be Flow Control
Valve (FCV) position in recirculation loop. This choice is
made considering that it is the only variable during
recirculation loop operation, because under stable
operation and constant power the remaining variables
(Geometry, Combustible, Differential Core Pressure,
Pump Turning Speed (r.p.m.), etc.), are considered
constant.

Keywords— Bifurcation,
recirculation, FCV, flow.

pitchfork, bistable,

. INTRODUCTION

In 1985, an electrical power fluctuation was detected at
the Leibstadt Nuclear Power Plant during startup and load
tests at 100%. Loop “A” fluctuation ranged between 2.5%
and 3%, whereas in loop “B” it was between 3% and
3.5%. It was concluded that recirculation flow
fluctuations were caused by a bistable flow pattern in the
pump discharge header.

In the year 1986, the first regulatory reference on
abnormal performance of recirculation loop flows was
written. (USNRC IE IN No. 86-110). This document
determines that fluctuations vary from station to station
and even within the loops of the sameunit. This
document also concludes that this phenomenon does not
impact safety.

In July 1988, General Electric issued a letter (General
Electric Energy, Nuclear SIL No. 467) establishing that
the problem affects Boiling Water Reactors BWR from

generation 3 to 6 and is detected at the manifoldsof pipes
supplying jet pumps. (Figure 1).

Fig.1: Recirculation loop scheme in a Generation 6 BWR.

In Japan, between1986 and1989 a group of researchers
applied various hydraulic models to replicate (Miura et al
1986), characterize (Miura et al 1987) and propose
compensatory measures (Ohki, A. et al 1988) to the
bistable flow.

In 2006, a bistable flow phenomenon analysis was
presented at Laguna Verde nuclear power plant in
Meéxico. (Nufiez Carrera et al., 20006).

After 2008, new research (Gavilan Moreno, C.J. 2008),
concluded that the bistable flowcan be described as a
noise-induced transition mechanism (Horstheme &
Lefever (2005)). In this theory, noise is identified as flow
turbulence under high Reynolds values.

In 2009, bistable flow analyses continued, using
mathematical techniques such as wavelets (Nuifiez-Carrera
et al., 2009) and codes for fluid dynamics. These were
used to replicate the results of hydraulic models from the
80s. (Gavilan Moreno, C.J. 2009).
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In 2011, a new 3D CFD model confirmed the existence of
two states and the non-convergence of the stable
condition at specific Reynolds values. (Gavilan Moreno,
C.J.2011)

In line with the above mentioned in this section, the state
of the art in bistable flow can be summarized as
Unpredictable, fluctuating hydraulic phenomenon,
characterized by high turbulence.

In the following paragraphs,the Pitchfork type
bifurcationconcept is introduced and justified.

Supposed a dynamic system, a bifurcation occurs when a
small smooth change made to the parameter values of a
system causes a sudden qualitative or topological change
in its behavior. The name “bifurcation” was first
introduced by Henri Poincare in 1885, in the first paper in
mathematics showing such a behavior.

It is normal to divide bifurcations into two classes: Local
bifurcations and Global Bifurcations. A local bifurcation
occurs when a parameter change, causes the stability of
equilibrium or fixed point to change. Examples of local
bifurcation include: Saddle-node bifurcation, Transcritical
bifurcation, Pitchfork bifurcation, Hopf bifurcation and
Neimark-Sacker bifurcation. In continuous dynamical
systems described by Differential Equations (DE)—i.e.
flows—pitchfork bifurcations occur generically insystems
with symmetry.Pitchfork bifurcationshave several types —
supercritical, transcritical and subcritical. Normally
solving the DE’s can be found that, for depending on
some parameters values, the system has one stable
equilibrium point, or an unstable pointor two stable
equilibria points.This last status is the key to identify the
bistable flow with the pitchfork bifurcation.

The recirculation system, of a BWR, is a hydraulic
system, whose behavior is described by the equation of
Navier Stokeswhich can be seen in Equation (1). The
recirculation system is a symmetric system. So the
solution of the Partial Derivatives Equation (PDE), could
present Pitchfork type bifurcation. A deeperanalysis is

done to ]ustl bifureg
i Mz W V.

O]

The equation (Eq. 1) has the following vectors: u (speed),
P (pressure), p (viscosity) and p (fluid density). Since the
system has a constant section and there are no fluid sumps
or sources, integrated fluid speed is similar to the scalar
flow value. Likewise, pressure variation only depends on
FCV opening. Thus, Equation (1) can be reformulated as
Equation (2):

@)
Where g=flow rate and A= FCV position.
Additional information regarding this equation and
systemis:

e  The fluid is in an incompressible state.

e The fluid is at a constant temperature.

e The system responds with an equation similar to
q=q(A).

e Primary derivatives are determined by Equation
(3), with notation and secondary derivatives
being simplified in Equation (4):

llEEﬂl. 7, llm]l. 3)

m]l

2]
B Bhg

4)
The stability analysis results from establishing a null time
derivative. In other words, if the system does not change
and FCV opening and other conditions do not vary, flow
remains the same. Mathematically, this is seen in equation
).
5)

So, analyzing bifurcations in Equation (4) is the same as
analyzing specific F curve points (q, A) on the
FCVopening-flow plane. Considering these parameters,
the points that confirm the equation (7) are considered
unique and can be classified as follows: Regular Points,
Regular Inflexion Points, Unique Points, Double Curve
Point, Double Inflexion Points and Peak Points.

The Double Curve Point generates two solutions and a
curve running through the unique point that has two
slopes. Although there are multiple potential shapes, the
one selected provides two stable results as it is coherent
with bistable conditions.

In the case of double point bifurcation, there is
anequilibriumpoint with two curves and two different
slopes. (Ioos, G; Joseph, P.D. 2001). Curve tangents
conform to Equation (6)

?' ©)

Where “D” is determined by equation (7):

(7
Slope analysis results from analyzing the value of
parameter D. If D<0, there are no real tangential lines on
the point, which means the existence of a double point
and two slopes can only be justified when D>0. In this
case, if specific concepts are renamed, flow curve slopes
in relation to FCV opening are determined by equation
(8):
B, (8)

For this equation to be true, the condition of Fyq not being
null must be satisfied,, The other condition for
conformance to D>0 is the verification of equation (9):

fulc )
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To conclude this theoretical development, the
requirements for existence of a double point bifurcation
are mathematically confirmed because Fyq is not null and
D can, under specific conditions, be higher than zero.
And as the solution existence theorem says, if F(q,A) is
continuous, then at least one solution of the Equation 1
exist. (Existence and not uniqueness).

1. METHODOLOGY
The methodology used in this study has foursteps. The
Analysis is done based on recorded recirculation flow rate
(%) and FCV position (%) data for a full 24-month cycle
at an operating station.
S1. Determine the curve for recirculation flow (%) vs.
FCV position (%). Using the data from the plant computer
a third order polynomial is fitted with a 99.99% of
confidence interval. The polynomial order is determined
by the recirculation system designer. This step will
demonstrate that a continuous and derivable function
(Flow rate (%)-FCV position(%)) exists. This is a
prerequisite to have a bifurcation.
S2. The error is calculated as difference between fitted
curve values and real data for a given FCV position (%).
(Equation 10)
ali 3] " DREEIERERE B
(10)
The analysis, of the equation (10) results, is the starting
point of the bifurcation study.
S3. Taken the FCV (%) error-position data, Figure 3 and
Equation (10), the bifurcation map is built. The
bifurcation start point and two branches that characterize
the pitchfork bifurcation are identified. The FCV position
is considered as bifurcation parameter and will be the
abscissa axe.

The bifurcated parameter is the recirculation flow rate. To

enhance the graphic representation, a linear conversion

will be done. So instead of recirculation flow rate (%)

analysis, the error (Eq. 10) analysis will be done. The
analysis will be as follows:

e A time period, in which the FCV position (%) is

stable and constant, is selected. TheFCV position

(%) values selected for this task are 29, 62, 62.3,

63, 64, 68, 72, 77 and 82%. The reason is

because the FCV position is not continuous nor a
differentiable as time function.

e New time series are recorded. Now, the time
between records is 1 s. The time series are again,
recirculation flow rate (%) and FCV position
(%).

e Using equation 10 and table 2, the error is
calculated from the recirculation flow rate time
series built from previous step.

e A histogram with the error data is built. New
variable named 7t (tau) is built. The value of 7
will be the error value in which the histogram
has a maximum (most expected value) but if
there are two maximums, then 1+ and t- will be
recorded.

e Based on 1 (1t+, - ) and FCV position (%) the
bifurcation map is built.

2.1. Development

FCV position (%) and recirculation loop flow rate(%) are
interrelated time series with which a bifurcation diagram
will be developed. This approach is aligned with previous
works which use time series as a starting point
contributing to determinate bifurcation states. (Bagariano,
E. et al, 1998 & 2000). It is also important to take into
consideration that used time series are noisysignals.

The analysis of recirculation loop flow signal under
bistable conditions has a number of phases aimed at
determining flow signal features. Once this information is
obtained, the entire system is analyzed, with a special
focus on the relationship between recirculation loop flow
rate and FCV position. The idea, suggesting bifurcation
existencewill appear at this point.

2.1.1. Flow control Valve (FCV) position (%)-

Flowrate(%) curve analysis (S1).

The studied NPP is a BWR 6 reactor, has two
recirculation loops, each with its own flow control valve
(FCV). (Figure 1)Figure 2shows records during a 24-
month operating cycle, of the recirculation flow rate (%)
and the FCV position (%).

A morphological analysis of the points cloud reveals that
after a 60% opening approximately, the cloud begins to
widen and after 62% it has a new width which remains
constant until the end.
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Fig.2: Operational points plot. (Recirculation Flow rate % vs. FCV position%).

The system designer fitted a third degree polynomial for the flow equation based on FCV position. This fit, with a confidence
level of 99.999%, provides the coefficients shown in table 2.

Table.2: Polynomial coefficients for the theoretical curve fittedwith actual data.
PRERAREEE RIERE BR E * PR 00 * EARA g% B B * PARR, ;0

a B c d
FLOW  RATE- | 6.5801-10° -0.0188 2.1469 18.5307
FCV POSITION
ADJUSTMENT

So it is confirmed that there is a continuous and derivable function that stablish a relationship between flow rate (%) and
FCV position (%). Based on that, the existence of Navier-Stokes equation solution is clear, but the uniqueness is not ensured.
So the bifurcation is possible.

2.1.2. Error analysis (S2).
Error (Equation (1)) is established as the difference between the measured flow value (%) and the fittedcurve value, as seen
in table 2 parameters.(Figure 3.)

mor (Eqg. 10} (%}

A I 1 I I I L
20 30 40 50 60 70 80

FCV position (%)

Fig.3: Error vs FCV position (%).
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Figure 3confirms the idea that there is some kind of
phenomenon is changing flow patterns when FCV
positionis 60% or above. This is because the error value,
changes in shape and values. Error varies from about 0%
with a +-0.5% band to a +-1.5% band. Even for values
exceeding 80%, there is a clearly strong, differentiated
bias with regards to flow behavior at this FCV position.

A histogram is created to analyze the overall error. Figure
4shows the Error (Equation 1) histogram. The histogram

when analyzed leads to the conclusion that the average
error tends to positive values and with a certain level of
asymmetry for negative values. The histogram showed in
figure 4, could be explained as the superposition of two
normal distribution functions. The principal one has an
expected value or maximum on 0.1 and the secondary has
the expected value or maximum about 1%.

Fig.4: Error (Equ. 10)histogram

2.2. BifurcationCharacterization

The existence of a bifurcation structure will be
demonstrated in this phase through the selection of FCV
positionas the bifurcation parameter because isthe only
one variable parameter in the system.

This section is focused on characterizing the pitchfork-
type bifurcation for recirculation flow under bistable
conditions. The coordinate parameterwill be tau (7),
whereas the abscissa is the FCV position (%). The initial
bifurcation point will be FCV position at 62, 3 and t=0.
The FCV position and tau values canbe seen on table 3.

Table.3: tauand FCV position (%)values.
FCV Position (%) Tau(-) Tau(+) Reference figure

30,3 -0.577  -0.577
62,3 0 0 Figure 5
63,75 -0.674  0.293
64 -0.675  0.294
66 -0.728  0.306
68 -0.785  0.313
72 -0.863  0.256
77,5 -0.955  0.287 Figure 6
82 0 1.3

The graphical representation of values in table 3 is seen in
figures Sand 6. These values are used to create the
bifurcation map. (Figure 7).
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Fig.5: Recirculation flow evolution with FCV position value at 62,3 %.
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Fig.6: Recirculation flow evolution with FCV positionvalue at 77,5 %.
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Fig.7: Taubifurcation diagram. Continuous lines represent the values of stable and expected solutions (feasible)

The data in table 3 is used to create a set of points on
plane FCV position-t. The result is seen in the graph of
figure 7. An analysis of the graph in figure 8reveals the
evident existence of bifurcation on point (62,3,0), which
corresponds to a bifurcation of the pitchfork-type .

Deeper analysis shows that there are two consecutive
bifurcations and two bistable states. The first bistable
state is limited to FCV positionvalues ranging between
62,3and77(pitchfork bifurcation), whereas the second
bistable state occurs whenFCV position values are larger
than 77(secondary pitchforkbifurcation).

All the bifurcation analysis and results about tau(t) are
applicable to recirculation loop flow rate, because tau(t)
is a variable linearly dependent of recirculation flow
rate(%). So the recirculation flow rate has the same
bifurcation map, than tau(t) .

1. RESULTS ANALYSIS
In section 2.2 a bifurcation diagram is created in response
of the behavior of recirculation loop in a BWR6 unit,
which is the system under analysis.

The existence of bistable flow is proven as a physical
reality of the mathematical bifurcation concept. However,
it is necessary to relate flow states with mathematical
states and their physical meaning. This interpretation is
based on the results of this work and those of the
hydraulic model (Miura et al, 1986, 1987) and
computational fluid flow models (CFD). (Gavilan
Moreno, C.J. 2009).

The recirculation flow rate can have three stable states,
grouped in twos. The first two states, corresponding to
FCV positionvalues between 62.3% and 77%, are defined
by the vortex dynamics of flow adaption in the so-called
cross-piece. These states cause the following effects:
Vortex formation on the side legs of the manifold, in
normal operation.

The newly formed vortexes cause flow to take two forms:
one for direct inlet at high flow and the other for helical
current at low flow. (Figure 8, Low Flow Pattern and
High Flow Pattern)

Low Flow Pattern

Core of Spiral

Recirculation Drive Flow

High Flow Pattern

Recirculation Drive Flow

High High Flow Pattern

Seperation——

Recirculation Drive Flow

Fig.8: Recirculation loop cross-piece flow conditions for first bifurcation.


https://dx.doi.org/10.22161/ijaers/3.11.10
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.11.10

[Vol-3, Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

In the first flow shape, pressure loss is as designed and
flow is quite similar to its theoretical value (Figure 8 High
Flow Pattern). In the second flow shape, pressure loss is
higher since helical flow has more internal fluid friction
and pipe wall friction, causing flow to be lower (Figure 8.
Low Flow Pattern).

The next bistable scenario occurs when FVC position is
77%. In this case, flow equals rated values and some
slightly higher (1%). In this state, flow takes two shapes:
one of direct inlet at high flow (coinciding with the
former high flow Pattern) and the other free of central
connection vortexes (which are dragged by the high
flow), hence reducing internal friction and enhancing
flow. (Figure 8 High High Flow Pattern).

V. CONCLUSIONS
The conclusions of this work are the following:
The bistable flow is a real flow situation in symmetric
dynamic systems. The recirculation flow rate has two
main values, but the FCV position just one.
The control system is not creating the bistable situation,
because there is no variation of any parameter. There is
no anomalous behavior of the recirculation system,
because the real curve of recirculation loop flow rate vs
FCV position fits very well with the theoretical one.
The Navier Stokes fluid flow equation, formally, allows
and justified the pitchfork type bifurcation. There are
situationswhere the solution, of the Navier Stokes
equation,is double, so this equation has two solutions that
comply with the system characteristics and boundary
conditions.
A bifurcation map has been built, and the bifurcation is
demonstrated. There are two bifurcations one at 62,3%
FCV position and other at 77% of FCV position. Both of
them arepitchfork type bifurcations.
The mathematical and real bifurcation has been correlated
with the fluid flow behavior in the recirculation loop.
More exactly the bifurcation is correlated with the fluid
flow behavior in the crosspiece and the turbulence regime
inside.
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Abstract— The existing system of election is running
manually and the piloted -electronic voting using
electronic voting machine (EVM) has many limitation

its mechanism. In this paper we have proposed an
automated biometric electronic voting system, where
four layered network system has been used for sgndi
the votes from client to the main database, ancetbgist
three application servers and a client. That meahs,
proposed systems starts with automated registration
system that would provide the secured databasédef t
voters’ information, and voter details will be stdr
against their finger prints in the main databaséndfly,

at the end of the day, casted votes will be counted
automatically which would take lesser time than the
manual system and the result would be accuratéerfas
and reliable, and thus minimize the corruption.
Keywords— Electronic Voting, Biometric, EVM, SEIR.

l. INTRODUCTION

A biometric system is a technological system thedsu
information about a person (or other biologicalaigm)

to identify that person. Biometric systems relyspecific
data about unique biological traits in order to kvor
effectively. In general, biometrics is any use widygical
data in technology. Biometric methods provide
identification by using specifications such as &rgints,
face, hand shape, iris, retina, voice track andatige.
These specifications vary from person to person.
Biometric solutions are generally client/serverusiohs,
giving system administrators the ability to aud#age,
manage security levels, and remove unauthorizeds use

[Adem et. al, 2011]. In this study, biometric eleat
system is aimed instead of traditional electiontesys.

By developing the deficiencies of the present syste
biometric based election system has been develapdd
gives the details of requirements, design and
implementation of a generic and secure electroating
system where voters can cast their votes any-time,
anywhere and mainly to cast a vote to that person t
whom voter want to cast a vote using a number of
electronic devices.

The system that exists currently in Bangladestotally
paper based except very few centers consider EMiNG T
EVM is a simple electronic device used to recortbson
place of ballot papers and boxes which were usditea
in conventional voting system. It is a simple maehihat
can be operated easily by both the polling perdoane
the voters. Being a standalone machine without any
network connectivity, nobody can interfere with its
programming and manipulate the result. It has ngaimb
units: Control unit and Ballot unit. The Control itis the
main unit which stores all data and controls the
functioning of EVM. The program which controls the
functioning of the control unit is burnt into a machip on

a “one time programmable basis” [Sarker, 2013]. €©nc
burnt it cannot be read, copied out or altered. Eiids
use dynamic coding to enhance security of data
transmitted from ballot unit to control unit. Thesvn
EVMs have also real time clock and date-time stagpi
facility which enables them to record the exactetiand
date whenever a key is pressed. The existing efecti
system in Bangladesh is pictured below:

ke =
= - "
| B B
Pieplly Tl “h=Rf= ‘__1 \
= -
== | ?
& a - '-.' -! o L
.I-Ltl:-h. Cemitrsl | 6l
Electronic voting Machine

Fig.1: Existing election system in Bangladesh
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Il. PURPOSE OF THE RESEARCH
A close election in 1998 in the Australian Capital
Territory (ACT) found numerous problems in the stat
hand-counting system, when two candidates were
separated by only three or four votes [Thomos, 004
After recounting, officials discovered that out &3,000
ballots, they had made about 100 mistakes. Ultilpate
the ACT Electoral Commission adopted a new system
known as eVACS, or Electronic Voting and Counting
System. The system was created (by a company called
Software Improvements) to run on Linux, which is a
widely used, freely available open-source operating
system [AEC'’s, 2007].
Recently, over 100 million mobile phone SIMs haeetv
re-registered with the biometric details of subizers. A
Bangladeshi Higher Court has declared that ongoing
biometric SIM registrations using fingerprints &gf.
The Bangladesh government has assured mobile phone
users that their privacy would not be in jeopardigra
they undergo biometric registration of their SIMrd=
and if there is any misuse of their personal dedasiers
could be fined up to Tk. 300 crore ($38.3M USD)h&T
cabinet has assured that there is no scope forsmisfi
the fingerprints of the subscribers and they negidbe
worried to this end.
The government decided to undertake voter regisitrat
along with their photographs, finger print and sityme.
The Bangladesh army commenced the creation of
suitable people identification system to give thaey
registration process a head start. Internationdl lanal
firms, academic institutions offered solutions. On
invitation Dohatet proposed a solution for gathering
voter data on laptops with web cam, finger priratrster
and signature pad to the army. Dohatec solution
comprises of the electronic Voter Registration abd
software - ‘eRegistry’ and the higher level matchin
software — ‘Biometrics Fusion Server’ [Akan]. Misaft
examined the system and found it a robust soludiwth
gave it worldwide focus. The Pilot Project went off
successfully. Large scale matching solution hasnbee
provided since. Moreover many universities and
organizations using biometric registrations andusgc
systems all over the Bangladesh. For a democratic
country public opinion is the most important
determinant to establish a government and voting is
the process through which people display their iopin
and help to setup a democratic government. So the
voting system should be reliable, accurate anduistrbe
transparent. But the existing system has lot oitditions
listed as below:

a. The manual system that takes lots of time and
the government has to bear the financial
expenses for this purpose every election year.

1 31 May, 2016: bdnews24.

2 13 April, 2016: biometricupdate.com.

3 4 April, 2016: Bangladesh Cabinet.

4 Dohatec CA is a trusted, qualified and licensedapé
issues Digital Certificates according to Bangladesiv.
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b. The election commission gets on pressure to
prepare new and previous voter into the voter
list. So it may contain numerous fake voters in
voter list.

c. Sometimes people ruin their votes by stamping
on two or more signs mistakenly.

d. While casting the votes the acting officers
present in the centers marks a voter with a black
ink on his or her nail but it is removable. So
there is a chance for casting illegal votes.

e. Manually checking voter list by poling agents
takes long time whereas 100% vote cast is
challenging.

f. These votes are counted manually so the process
becomes a gradual one which may be inaccurate
as well.

g.- In Electronic voting machine has no reporting
system whereas voter cannot understand his/her
vote is casted or not.

h. Anyone can press the button and give the vote.
Device has no authentication
process.

All these limitations together made people thinloatb
inventing a new system that will reduce corruption,
increase accuracy and fast paced. The concept of
electronic voting system comes from this necessity.

M. PROPOSED SYSTEM
In this system voter will select his/her preferable
candidate by providing his/her opinion on a touch
screen where all candidates’ voting sign is dispday
Four layered network system is used for sending the
votes from client to the main database, where tlaeee
three application server and a client are exiséadong
them one application server works as dispatchee Th
encrypted votes will be sent from the client to the
dispatcher through an application server and tayerl
will send those votes to main database throughhanot
application server. The category “Biometric elenico
voting” is potentially broad, referring to sevedistinct
possible stages of electronic usage during theseoaf
an election. The different phases of the propogstem
are described below:

3.1 Registration

Here registration system has been proposed to be
automated. Two differentatabases are used to make this
system to be automated. One is NID database and
another is voter database. People will be enligted
the NID database. Voter database will contain dhby
people who are existing voters. The NID database
people have to give their details and finger prints
(who are equal to or over 18 years) to the authorit
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3.2 Candidate

Candidate is an important process this system. A
candidate can participate the poll fran a party or he
can compete alone. On the pollingession each
candidate will have a sign on the toygshd where the
voters give their opinion. The final resdiépends on the
result of each candidate since the systasito keep an
eye on the candidate’s result of each area.

3.3 Checking

During registration when the fingaipt of the voters
will be collected them hash function Vi be generated
for each finger print. Each voters tdié will be laid
under this hash function. When a vatél be cast the

system will read the packetith the hash function and
will verify the constituentghen the system will check
whether the ID is blockedr not. If it is not blocked
then the vote will be courdetherwise access denied.

3.4 Data Manipulation

All the data should bemanipulated or updated to
maintain good databasmanagement. When NID
database will be updated then central databasebe
updated. The synchronization process depends o
database administrator and management. In thatgs
all servers synawith central database and servers
always updated.
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Fig.2: Four Layered Network for Proposé&ystem

3.5 Accessibility

The election commission authority ot getting the
supreme power to dehatever they wat to do with the
voter list or the voter details. They habe taccessibility
to the details but any kind of moyifig or changing
they will need the finger print of that vote

3.6 Casting
The id of a voter will be blocked just aftcasting his/her

www.ijaers.com

vote, he/she cawote agairbut it won't be counted. So it
is ensured that only ongroces will be cast for a single
voter. The voter will casa vote by giving his/her
identification with his/herifiger print and vote on a touch
screen.

3.7 Counting

The votes will be coued constitute wise. After
finishing the voting sessiothe votes stored constitute
wise will be counted. Eh constitute will pick only
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the votes it won't think about the id. It will jupick the
votes of each sign and then count them.

3.8 View Report

Report will show which candidate sign got how many
votes from whichconstitute. Main database have the
name of the candidates so the system will be able t
publish the result for each candidate. From thmulte
the system will also publish the final result thtich
sign win getting how many constitute. When votestca
his/her vote than he/she get one report successbort
but this is not encourage because of time consuanicyg
other resource (printers) is dependent. If anyone
challenge the system is wrong than report will be
generate with given charges.

V. SYSTEM PERFORMANCES
Electronic voting  system using fingerprint providesa
high performance with high security to the votirygtem.
The proposed system has covered the following areas

4.1 Database Maintenance Efficiency

Database is mainly divided into two parts - LocdDN
databaseand Central Voter database. After entering all
existing people in to the database, system willectl
new entry from local NID database. Central database

has two segments: Primary and Secondary database.

Primary database keeps the record of that part of
population. Moreover if anyone wants to change
his/her information it is possible by using their

Fingerprint
surface

Finger

Lignt source °

Lens assembly

Image sensor /

Fig.3: Finger printanning

4.3 Temporarily takes voter picture

When voter can press his/her finger in to the bioime
device then system can automatically takes pidnom@
voter. If any polling agent wants to give objection
regarding any voter. Polling officer can easily gexe
report of specific voter.

4.4 Network Issues

A three tiered network system has been proposeal her
for implementation of this electronic voting system.
There will be a number of clients in the most riectl
(Police Station level or sub-district level of auotry). In

the district level there will be a dedicated apgiicn
server for those police station or sub-districtemds

www.ijaers.com

fingerprint. So there is no chance to make douhteye
Primary database is used specially during the ielect
period. When the election comes the people who are
voter, their record upgrade from NID database tot@é
(Voter) database. At that time this database will
distribute the voter list according to their are@ |
[Vishal, 2014].

4.2 Biometric Fingerprint maintenance system

Most efficient and effective part of this system is
fingerprint, whichis a unique identification for any
voter. At the registration period when anyone gives
his/her information, the system will generate an ID
against that information. When any voter wantsdsetc
his/her vote, the system will at first find his/her
fingerprint at the database. Then the system vidc&
whether the specific ID is block or unblock. When
system find ID block it will reject that vote othdse it

will cast that vote and preserve that against that
fingerprint [Akyildiz]. So the system will providgngle
vote for single person.

In the “Finger print scanner technology” the serisas
been optimally designed with SEIR (Surface Enhanced
Irregular Reflection), incorporating high resolutiand
endurance (scratches, chemical corrosion, ESD,igalys
impacts). Its compact size and outstanding dutgbiks
made it one of the most advanced products in thdédwo
to successfully eliminate the optical defect of gma
distortion [Ravi, 2009].

Optimally designed with SEIR (Surface
Enhanced Irregular Reflection)

High resolution and endurance (scratches,
Chemical corrosion, ESD, Physical, impacts).
Superior optical design realizes small sized
device without distortion, a defect of optical
instruments.

Patent registration number 79115, 341738.

under that district. These clients together make a
cluster. In the district level there will be some
dispatchers. There will be a layer of application
server layer after the dispatcher through which the
dispatcher will pass the encrypted vote to the main
database. The encrypted vote will be checkedtfirsee
whether the ID of the voter is locked or not [A.jiBla,
1992]. The encrypted vote will be passed to that
server and after that it will be directly passedntain
database. Here from dispatcher to the main database
fiber optic network will be used as the dispatchas

to handle millions of packets at a time, so it will
need a better paced as well as secured network
system [D.W & W.L, 1984]. At every layer the system
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make some queues to back up data. This type ofonketw
structure will also preserve time.

V. SYSTEM ALGORITHM
The system proposed here for electronic voting thas

active actors. Ong the administrator and another one is

the voter. The administrator has the supreme pdwer
manipulate the voter details even the candidataildet

The main responsibility of the administrator is to

registration of the voters. Administrator is auiked to

view the details of the candidate and also voters

although he is not authorized for modifying theadlst
without the fingerprint of the voter or the cand&aAn
administrator is allowed to view all the reportgeli
candidate result, area result or even politicatypaasult.

He is also responsible for publishing the resutttey is
responsible for only casting the vote. If there esrany
change in the voter details it is voter's respoitisito

go to the authority and let them know so that the
officials can modify the details taking the fingeints of
that voter. Anoverview of the total system by use case
diagram and flow chart is given below:

Fig.4: Use case diagram
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Z_View Report
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Fig.5: Voting process algorithn& system flowchart
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VI. SIMULATION STUDY
A simulation model has been built in order to jiystind
examine the system performance, where it is udeful
providing proper guidance on configuring the e-¥igti
system in terms of server requirements, configyring
networking, voting station and the like. The sintioia

process includes a database system for voters and
candidates with their personal information, autloation

and locality of both. Valid casted votes are stoaed
invalid voters are rejected properly (Fig. 6, 7hisTis
obviously one of the main advantages of the prapose
systems.

Voter Temporary Picture Select Your Candidate
g Paty Logo Party Name
: Server
_ _,(;.';6‘ Bangladesh
T 115 & 5 Awami League
L4 'y x
d 3o | =~
thiprized B
—
' Bangladesh Nationalist
| Take picture / Party
NID Authentication
Yes
Q-.._;__ %
gV Jatiyo
Party
Voter
Touch Screen
Report

Fig.6: Voting process for valid voter

Voter temporary picture

D

3. Authorization

Server Authorized

i Yes
Veoter

MNID Authentication

Please go and move a

side for next voter.

Fig.7: Voting process for invalid voter

Status

Success

Not authorized

Success

Fig. 8: Voting dashboard

VII. CONCLUSION AND FUTURE WORKS
E-voting systems have many advantages
conventional systems but it still has to solve mhusdles
before becoming coming to fruition [Rohan, 2015].
Bangladesh’'s majority population is rural and eltéte.
Also there is shortage of power and inadequate or&tw

www.ijaers.com

over

between cities and villages. This system requiesd
bandwidth and high speed internet connection for
operating, but it is still a distant reality in nyanural
areas. However conditions are improving with theetn
of education in rural areas and with increasingaarb
population this project may soon become a realty the
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other hand, biometric electronic voting system &yv learnt”, Technical Report by Australian Federal
challenging work. Moreover, fingerprints have beare Ministry for Foreign Affairs, 2004.

of the most highly used methods for human recomymiti [10]Vishal, 2014: Vishal Vilas Natu (2014): “E-Voting
automated biometric systems have only been availabl Using Biometric”, International Journal of Emerging
recent years. Because fingerprints have a gendrediyd Technology and Advanced Engineering Website:
acceptance with the general public, law enforceraent www.ijetae.com, Volume 4, Issue 6, 672, June 2014.

the forensic science community, they will contirtoebe
used with many governments’ legacy systems andbwill
utilized in new systems for evolving applicatiortsatt
require a reliable biometric. However, the proposed
system is highly reliable and secure and is desdigoe
more secure and transparent for every people.diotig
run the maintenance cost is very less when compared
the present systems. The citizens can be surethbgt
alone can choose their leaders, thus exercisirig rilgat

in the democracy. Though in this project we don't
consider the outside voter of Bangladesh for sscuri
concern. Our further work include outside voter ¢@in
any local and national election.
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Abstract—This experimental work presents the optimization
of process parameter of surface roughness with gusin
coated carbide drill on H13 steel. Taguchi desigh o
experiments was implemented for executing the psoce
parameter of Drilling process on H13 steel plat&he
drilling parameters including 2 Factors such as rpie
speed (rpm) and feed rate (mm/min) are optimizedgus
response performance characteristic of surface hmags

of H13 die steel plates.H13 steel play an importahe in
many applications such as Shaft, axle, gears antkfeers
due to their strength to weight ratio. The process
parameters of spindle speed and feed rate arednfiad by
machining accuracy during drilling process. The mai
objectives of experimental works have been idedtifiy
lower roughness during drilling process of H13 s@ates.
Orthogonal array (L) of Taguchi Design of experiments
and Analysis of Variance (ANOVA) are utilized talgme
the effect of drilling parameters on Quality ofltdnil holes.
The result of experiments indicate is a dominating
parameter of surface roughness of H 13 steel plate
Drilling process.

Keywords—H13, Drilling Parameters, Taguchi, DOE, S/N
ratio, ANOVA.

l. INTRODUCTION

Drilling is a process used to produce holes fromfase to
inside solid parts. The tool is rotated and alswedoin the
axial direction. Drilling is used to create a rowndan oval
hole. It is accomplished by a rotating tool thatally have
two or four helical cutting edges. The tool is fad a
direction parallel to the axis of rotation into thverk piece
to form the round shaped hole. Drilling is an ofierain
which holes are produced or refined by bringingtating
cutter with cutting edges at the lower extreme @ndh
contact with the work piece.

I. EXPERIMENTAL DETAILS
2.1 H 13 sted!

In this Experimental work H13 die steel is usedwask
piece .Generally H13 steel are hard and tough do b
machined. The chemical composition and Mechanical
properties of H13 steel plates are shown in TaldadL2.

Fig.1: Innovox portable Metal Analyzer
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H13 die steel is widely used in the tool and didustry
because of its resistance to wear at high-temperatu
remains in temper. It has high thermal fatigue alnitity to
be hardened at high temperature. These propertike inis
a material of choice for hot working applicatiorcklas die-
casting upset dies, inserts, cores, ejector phsmger,
sleeve, slide, forging die, extrusion die, dummgckk and
mandrels. In particular, die-casting is the procesds
producing metal part by forcing molten metal intmald or
die which is usually made of metal. Over a peribe, part
produced by this process may be unacceptable beaHus
failure of the die primarily due to fatigue, erasi@and
reaction of the molten material with the die materi

H13 tool sted is a versatile chromium-molybdenum hot

work steel that is wide utilized in hot working died cold

work die tooling applications. The recent hardnésst
strength) of H13 resists more thermal fatigue aratiing
that happens as the results of, cyclic heating @raling
process in hot work tool and die applications. Doedts
wonderful combination of high toughness and resistao
thermal fatigue, cracking (also called heat cragkid13 is
used for additional hot work in tooling applicatiah
performs better

of cold work tooling applications. In these applioas,
H13 provides higher
resistance than common alloy steels like H11,H1&riads

Table .1: CHEMICAL COMBINATION OF H13 GRADE DIE &IE

C Mn P S Si

Cr V W Mb Fe

0.37% 0.71% 0.01% | 0.013% 0.94%

4.88%

0.96% | 0.17% 1.68% 99.63%

Table.2: MECHANICAL PROPERTIES OF H13 DIE STEEL

Young's Modulus Poisson’s ratio Density Modulus of Bulk modulus
Elasticity
210 GPa 0.29 7.8 g/cm 220 GPa 150 GPa
2.2 Machine detailsThe drilling operations have been The process parameters that were chosen

carried out on a CNC MILL MT250 Machining Center,
(Make-MTAB Educational equipment Itd,(India) is s1o
in figl. The CNC vertical machining centre equippéth a
range of variable spindle speed up to 4000 rpm 2aifel
motor drive was used for experimentation

experimentation are given as under:
1) Spindle speed (rpm)
2) Feed (mm/rev.)

Fig.1: CNC vertical machining centre
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than the other tool steel mdteBiecause
of its high toughness and really sensible stabilityheat
treatment, H13 die steel is additionally utilizedd spread

hardenability and higher wear

for
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Fig.2: H13steel drilled specimen

Coated carbide drill bit of 12mm diameter is usednaking
drill hole on H13 steel plates are shown in figl&Tdrill is
having a flute helix angle of 118°degree.The tdodi@uble
helical flute is used.

2.4 Taguchi design of experiment

Taking Spindle speed and feed rate are as an input
parameter and surface Roughness is taken as respons
parameter of drilling process of H13 steel plakésre
2factors and 4 levels of drilling process paramaterused
as design of experiment in,k orthogonal array is shown in
table 3

Al |PWWIWIWINININ
AlWIN|FPIR|WIN|FP|RlWIN

Table.3: L 16 Orthogonal Array

Spindle speed Feed . RESULT AND DISCUSSION
The experimental work conducted on H13 Die steeh wi
1 1 various process parameters as per design of expetrifhe
1 5 drilling process are performed by Carbide coateltl dihe
1 3 result of drilling process parameter are analyzedignal to
1 2 Noise ratio.The surface roughness values are neshdyr
> 1 Surface roughness tester the corresponding values a
shown in table 4.
Table.4: Taguchi L OA with Surface Roughness values of H 13 Did Stee
SPINDLE FEED SURFACE FINISH SNRA1
SPEED
1 1 7.32 -17.2902
1 2 5.86 -15.3580
1 3 6.86 -16.7265
1 4 6.54 -16.3116

www.ijaers.com Page | 73



International Journal of Advanced Engineering Resezh and Science (IJAERS) [Vol-3, Issue-11, Nov- 2016]

https://dx.doi.org/10.22161/ijaers/3.11.12 ISSN: 2349-6495(P) | 2456-1908(0)
2 1 3.58 -11.0777
2 2 3.47 -10.8066
2 3 3.39 -10.6040
2 4 3.18 -10.0485
3 1 6.24 -15.9037
3 2 5.94 -15.4757
3 3 4.93 -13.8569
3 4 4.52 -13.1028
4 1 4.64 -13.3304
4 2 4.48 -13.0256
4 3 4.24 -12.5473
4 4 4.02 -12.0845

After conducting experiment on H 13 steel platedlilling process. The most important and influepeeameter are represent
by response table (Table 5).It indicate spindleedpis an influence parameter of H13 die steel fivieving lower surface
roughness in drilling process.

Table.5: Response table of H13 Die steel drilleatgd

Level Spindle speed Feed
1 -16.42 -14.40
2 -10'63 -13.67
3 -14.58 -13.43
4 -12.75 -12.89
DELTA 5.79 1.51
RANK 1 2

M ain Effects Plot for SN ratios
Data Means

spindle speed feed

Mean of SN ratios

Signal-to-noise: Smaller is better

Fig.3: S/N ratio for H13 die steel
Figure 3 represents signal to noise ratio of H ig3steel plates during drilling process. It alsdigate 2 nd level of spindle speed

and 4 th level of feed rate produce lower surfaaeghness. The H 13 steel plates is suitable forufaaturing dies with high
accuracy and toughness.

www.ijaers.com Page | 74



International Journal of Advanced Engineering Resezh and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.11.12

[Vol-3, Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

Table.6: Analysis of variance value of Surface tougss of H13 Die steel

Source DF ADJ SS ADJ MS F-VALUE P-VALUE
Spindle speed 3 23.342 7.7805 38.49 0.00¢
Feed 3 1.610 0.5366 2.65 0.112
Error 9 1.819 0.2021
Total 15 26.770

Table 6 shows that Spindle speed is a dominatingnpater in drilling process on H13 die steel plét@sed on higher value of F
value. It produce better surface finish and dimemeli tolerance by using carbide coated drill. ThegRralues (93.20 %) indicate
the most significant of process parameter and éxerts are conducted in efficient method.

The contour plot shows (fig 5) that lower surfaceughness is achieved

>

>

in drilling process with digant.

Contour Plot of surface roughness vs feed, spindle speed

1.5 2.0 2.5

spindle speed

surface
roughness
< 4

5
6
- 7
7

>

3.0

Fig.5: Contour plot of surface roughness of H13 stied

V.
In this experiment work of H13 die steel on drifjiprocess,
it conclude the following

CONCLUSION

H13 provide good machinablity property and
produce reasonable surface roughness.

Drilling parameter is optimized by signal to noise
ratio and analyzed by in Anova.

Drilling parameter of H13 steel are dependent on
the implement in hot die making process.

H13 steel may used in production of heavy
machinery, Power machinery die works and press
tools.

The optimum parameter of H13 steel on drilling
process are the second speed (600rpm) and fourth
feed rate (0.016mm/rev) and a response parameter
of surface roughness of 3.18 microns
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Abstract—This paper deals about basic preface about
superior avionic system AFDX. Avionics Signallingda
communication in avionics have been significantidep
ever since electronic devices were first used nogmace
systems. To deal with the challenges introducethby
extensive use of general purpose computing in rtele
avionics, standards like ARINC 419 and later on 429
were available and adopted by the trade. AFDX
combines confirmed safety and accessibility funetity
with recent Ethernet technology to be able to handl
today’s needs. These papers outlines two of thet mos
fundamental avionics network architectures and aahs
depicting the development of networking conceptd an
wants over the course of the past 30 years. Inlyai
focuses on ARINC 429 and AFDX, the most important
current and past standards, but also covers twceioth
attractive past protocols.

Keywords—AFDX, ARINC 664, ARINC 429, Ethernet,
MIL-STD-1553, avionics, fault tolerance, security,
safety.

l. INTRODUCTION
Today, ARINC 429 can be found in most active and
retired aircraft series. While it is well-estabksl in the
industry, it has been adapted and extensive §itlee the
initial specifications were formulated in the 14@70s. In
dissimilarity to avionics standards, multiple tectuyical
revolutions have happened in the computer induestrg
fast pace. Networking of computers aboard airarety
have been preposterous in 1970, whereas modemafairc
without any networked computers are very unusual.
Legacy avionics communication standards still atfle
past views on computing. eventually, a modern
networking structural design for avionics use stimffer
a maximum of safety, the sack and security, as agll
apply failsafe defaults. The ensuing infrastruetsinould
be economically maintainable, flexible and offesdid
foundation for software development.
More recent standards reflect these demands, thfawgh
saw broader use across the industry. In contrasheo
Internet, security and cost efficiency are not #ey
objectives in avionics; rather safety is. Howevegst
modern networking standards are aimed at achieving
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traditional PC-world security objectives and only
indirectly address safety requirements (by futiji
traditional security objectives) .In ARINC 664 Pd@rtalso
referred to as AFDX, standard Ethernet technologly i
extended and design objectives are built arouretysaf

Two of the most vital network architectures the
avionics manufacturing are outlined in thispga and
we aim at depicting the evolution of networking
concepts and requirements over the courseheopast
30 years. It mainly is focused on the mosthpnent
current and past standards, ARINC 429 and 664, b
also covers two other significant standards ({8ID-
1553 and ARINC 629). These standards introduced
important features into aerospace net- working igtees
and are used as intermediate steps in thisrpapen
though AFDX evolved originally .In this papem”
deeper considerate of Ethernet is thought; rétaeler
should be general with redundancy and failover
concepts, as well as information-security. Thel @gger
model is used throughout this paper, even ghoit is
not used within the cited avionics standards. eih
referring to layer 2 (L2) frames, Ethernet or D%
frames at the data link layer are meant, whileah@ L4
refer to data structures used in the respectiveopob at
the network and transport layers.

Within the next segment, the most extensive stahdar
AR- INC 429, is explained in detail. In Section tBe
transition from federated network architectureghsas
429 to modern Integrated Modular Avionics, is degac
Then, an investigation of the orientation operasggtem
planned in ARINC 653 for use with included architees

is conducted. In segment 2 ARINC 629 and Mil-Std-
1553, two more recent networking standards areflyrie
introduced. Section 5 is focused on the networking
standard AFDX.

The importance is on the enhancements to Ethernet
required to comply with the desires of avionics
applications. The final chapter is dedicated to
summarizing the advantages and disadvantages of the
main two named architectures.
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Il. A BRIEF HISTORY OF ARINC 664
As an evolved standard, 429 had many limitatiobut
itis a confirmed and normally used protocoAs
time progressed and technology advanced, more
bandwidth, more elastic topologies and new chghen
like incorporated Modular Avionics emerged anctrav
beyond ARINC 429's capabilities .ARINC 664 (Part
VII) was initially developed by the EADS Airbus
partition as Avionics Full-Duplex Ethernet swiitcty
(AFDX). however previous aircraft already depldye
fully electronic fly-by-wire  systems, wiring ugn
previous principles could no longer meet the réassof
modern day state-of-the-art aircraft. In the ca$e
AFDX, the Airbus A380 prompted for a new technical
base to be realize; thus, AFDX was created. Latgr
Airbus’ AFDX was distorted into the actual ARINC
model. Figure 9 shows a simple AFDX-based Network.

[l FROM ETHERNET TO AFDX
Architectural Changes
Ethernet has been in use for decades outside eof th
aerospace industry and proved to be a robustctsy
extensible and flexible technology. Howevercadhnot
offer indispensable functionality required for ghi
availability and reliability. Thus, it is not dictly
suitable for avionics. 664 offers mod- ern daysfar
rates, while construction on top of the previousiych-
loathed Ethernet standard 802.3 . AFDX inheritaspaf
the MIL-STD-1553 terminology and overall setup.
Devices transmitting data via the network are ledal
sub- systems, which are attached to the netwalernd
systems. The full-duplex network itself is calldBDX
Interconnect ; in Ethernet terms, this includekpassive,
physical parts of the network, but not switched ather
active devices .
The mainly well-known hindrance for using Ethernet
network- ing in avionics is Ethernet’'s non-deterisnm.
A single laid off MIL-STD-1553 bus network with
hardware and device roles predefined for provisigni
second fail-over bus C. paths. In highly heaviatups,
switches may even drop packets on purpose ifebuff
limits have been reached? .
In Ethernet, collisions are handled via CSMA/CD} bu
up- per layers may encounter packet loss. There,
protocols (e.g. TCP, SCTP, etc) in the operatisgesn’s
network stack have to deal with packet loss weieer,
this is not a viable solution in safety-critical
environments. convinced applications require loadith
guarantees, while others may demand timing
performance to remain within strict borders. Neithan
be offered by Ethernet. No hard quality of ser-evic
guarantees are available in vanilla Etherned, aoft

www.ijaers.com

scheduling is only offered through protocol extensi
such as Ethernet-QOS IEEE 802.1p.

The same applies to band- width allocationjctvhcan
not be guaranteed in Ethernet on a per-flonellebut
is implemented using various dissimilar algorithm
While there are several proprietary approachfaking
Ethernet usable in real-time environments, nook
these principles is directly usable in avioniEsus, the
new standard requisite determinism to make iblgsan
avionics .Upper layers, such as a statiomperating
system or applications, are supposed to handleseth
issues by de- sign. If a message is lost or ctedup
during agenda, it will simply be begrudge or itsddully
mitigated.

S T —
—— L
T i — | oL
B - |
I d 1 .
npTe—
il i

Fig .1: Redundancy in AFDX Network

When sending data on a non micro segmented nietwor
collisions may occur in each segment, forciadj
stations involved in the collision to resend.
Transmission of packets is retired after a randone t
interval by whichever station starts first. Agaia,smash
may occur which may lead to next to in- distin
repeating, and this may subsequently result inmarjed
bus .Another variable feature of Ethernet netwagkamd
subsequently ARINC 664, are switches/bridges.

While they add flexibility to networking, additiohaon-
determinism is introduced, as frames may be deved

or manipulated in transit.  Switches offer micro-
segmentation of network segments, but in turn also
increase the number of hops a frame takes frontsdor
destination.
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Fig .2: ARINC 429 STD Unidirectional Bus
Virtual Links are designated using so calledrtuél
Link ldentifiers (VLID). The VLID replaces MAC-
address based delivery, occupying the bits ndymakd
for the destina- tion MAC. To retain compatilyilivith
Ethernet, AFDX splits the destination-MAC fielthto
several parts: the initial bits are set to wdfie locally
administered MAC- address (site-local), the finéldits
store the VLID .Only one subsystem may safada
using a given VLID, thus Virtual Links are &aga
unidirectional.
As in ARINC 429, a subsystem can assume differ@esr
in multiple VLs using different ports (see belovand
multiple recipients may contribute in a Virtual kin
Subsystems are not clearly addressed, as in common
Ethernet where MAC addresses are used, but the
meaning of a Virtual Links identifier is define@@pling
ports have committed buffer-spaces in whiche on
single memo can be read and stored. Ifeav n
message arrives, previous data will be overwnriti®
queuing port’s buffer may contain up to a fixe
number of messages that are stored in a FIFOegueu
upon reading the oldest message, itis remofred
the queue. Handler services for communicatiorispo
need to be provided according to the ARINC 653
specifications . BAGs and LMAX of a VL shoulde
set accordingly to the collective requirement$ alb
ports participating in a link .
Virtual Links
Ethernet is independent of physical connections and
allows logical endpoints to be defined. Multipleygical
or virtual devices may thus share one linkppsuiting
virtual sub- systems or virtual machines in IMA2,
13, 18]. Multiple applications or devices mayquize
different timing charac- teristics or a fixed mirdm
amount of bandwidth .
Virtual point-to-point connections implement themsa
con- cept as used in ARINC 429. In contrast 29,4
they do not exist physically, but as logical link§hey
are implemented as Virtual Links (VL) on top biet
AFDX Ethernet layer. An example of virtual charmi
given in Fig. To a certain degree, VLs are egimilar
to VLAN tagging as defined in IEEE 802.1Q , but
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offer additional information in addition to network
remoteness. Each virtual channel has three piepert
besides its channel ID: the Bandwidth Allocati®ap,
the maximum L2 frame size, called LMAX or Smax,
and a bandwidth limit .

LMIN and LMAX are used to set a predefined smalles
and largest common Ethernet frame size along dtie ¢
packet 2 In a properly laid out AFDX netkor
buffer overruns should never actually occur. heT
network parameters are configured based on salue
calculated during the planning phase of an diraising

a mathematical support.

Redundancy

High availability environments also require redumcia
on the bus as well as within stations. Agdithernet
does not offer any sort of fail-over by defahlbwever,
optional link aggregation as defined in IEE#D2.1AX
can of- fer such functionality. 664 by desigpedfies
sophisticated redundancy concepts for end statans
well as cabling by providing two dedicated netvgork
(network A and B). After scheduling of Ethernedrfres,
redundancy is introduced.

Each AFDX subsystem has two interfaces calledl en
systems. Redundancy is added transparently irgen
each frame via both end systems, applyingrimae
sequence number . Assuming no transmission errors
occurred, one spare will arrive at the destinafmmeach
frame transmitted .

AFDX Switches

Most features AFDX consists of can also be implemdn
using regular Ethernet hardware, if special AFDXekt
implementations are run.  While purely softwaredzh
implementations exist , these solutions can notajiae
determinism. They cannot keep jitter within boaries
im- posed by AFDX and are useful for basic
interoperability testing only. To achieve deterrsimij
specialized hardware to enforce the Virtual Linkesy
which are based on the VL parameters. introddmed
ARINC 664 is needed.

AFDX switches fill this role and enforce latency,
bandwidth constraints for VLs and provide a
dependable, fixed configuration. This set is reatdboot
up and remains constant at run time to avoid
fluctuations in the network’s topology and provide
uniform timing behaviour. For honesty reasorgpre-
and-forward circuit switching is used when ayihg
packets, in contrast to most mod- ern dayh{sigeed
Ethernet switches, which perform cut- throughtsking
The configuration for all Virtual Links (LMIN,
LMAX, BAG, priority) and switch parameters shd
be set according to a one of the mathematicalfmg
models in use today .
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Fig. 3: Full Duplex Ethernet Network

By fixing network parameters at boot-up, changesuat
time are prevented and the network retains conhstan
timing properties and a static layout throughout
operation. Non- fault generated deviations offadéf
settings may not hap- pen and are taken intousmtco
when calculating global parameters mathematically
Switches isolate Virtual Links from each other and
execute scheduling for passing-through frames based
their VLID. Other parameters specified in switchdan
system configuration include priority, LMIN (equieat
to LMAX) and jitter for Virtual Link. Ports hava fixed
maximum delay and buffer-size .
Impact On OSl-Layer 3 and Above
AFDX adderes to the OSI layer model and is based o
common protocols  from  the Internet-world.
Subsequently, familiar protocols like 1P, UDP ang-
multicast are used. Alien networking environmestg;h
as ARINC 429 links, can be transported within atiét
Link transparently to the individual applicationt)ereby
reducing development effort. In fact, virtuallyhya
previous network standard which does not exceedNERI
664 in capabilities can be implement on top ofAt .
Layer 3, the IPv4 protocol is deployed, though fields
usually used for source and destination |Preskis
have been reassigned, as depicted in FigureTh&. top
packet- version shows an IP packet beingctéitk to
an individ- ual system using the VLID, whilehet
bottom packet uses multicast-addressing. The it820b
the source IP address field are separated into:

« The single bit class identifier,

* 7 bit private address,

* User-defined 16 bit ID,

» As well as an 8 bit partition identifier.
The partition identifier is used to address virtua
subsystems in a virtualized IMA environment .The
Destination IP is either used to designateulicast IP
address, or contains a field of 16 bits pefi to the
VLID. The first 16 bits contain a fixed number (sgieed
by the standard), while the second part contaies t
VLID, if direct IP-addressing and IMA is used ©tp
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the guarantee provided by AFDX, certain features
usually introduced at higher OSI layers (e.packet-
loss handling and reordering of packets) are ajread
implemented by the underlying L2/3-networking
structure. In business networking, protocols suels
TCP or SCTP are used to provide this functityaln
AFDX, transmission control and integrity is aldy
provided at the lower layers, thus, UDP was ehos$o

be the default protocol in AFDX .

- » .
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Fig. 4: Full Duplex Ethernet Network
AFDX-Ports are mapped directly at UDP’s source and
destination port fields. AFDX-flows are idergd by
using a combination of the following parameters:

* Destination MAC address (containing the VLID),

» Source and destination IP address,

e Source and destination UDP port,

Due to architectural restrictions, the minimum payl
size for packets transmitted inside a AFDX-L3 pedk
144 bits. If an UDP packet’'s length drops hetbis
limit, padding is added at the end of the L4 macKhe
standard also defines monitor to be performea vi
SNMP, and intra-component data transfer through
TFTP. Payload transferred inside the L4-structisaally
has no fixed predetermined meaning, in cohtras
earlier standards. However, ARINC 664 definas
number of common data structures, such as flogkirgt
number formats and booleans. These do haveirect d
impact on network pay- load, but offer common
ground for software development.

V. CONCLUSION

ARINC 429 was developed at a time when the use of
consistent, programmable subsystems aboardaftircr
was simply not reasonable due to aspects suckizas
energy spending, fragility and hardware cost. g@@ly
treats data transfer between systems at a pereddgiel,
interconnecting systems on a pin level. Thoughas
advantages over more modern standards, itlyldad
reached its confines once multipurpose compuaess
interconnected. However, AFDX combines proven
safety and ease of use functionality with modern
technology to be able to handle today’s rerequents.
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It adheres to the OSl-layer-model and outlinesedi-
matched stack architecture, while allowing to Etau
previous communication standards on top. Besidhs,

In- ternet Protocols Suite (IP/UDP) and Ethernetused
and only slight alterations to the individual dateuctures
are applied, which lowers the bar for designing
hardware and developing software in avionics
considerably. For certain parts of an AFDX raty
COTS hardware can be used in coincidence with
matching software, though AFDX hardware
implementations must be used to retain determinism.
Still, by adding standard Ethernet hardware in
conjunction with an AFDX-stack implementation ireth
op- erating system, non-AFDX hardware could be used
without further alterations Changes to the overall
network layout do not negatively im- pact indivitlua
Virtual Links or ports of the individual end- and
subsystems, due to the added abstraction.
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Abstract— Although seismic waves have been studied for Keywords—chirality,

many years, their soliton structure has only relyestudied.
Deformation solitons propagate along earthquakdt&and
can induce large earthquakes. Rotation solitons are
generated in earthquake sources and propagate girout
the Earth. The conclusion to be reached from oyvepds
that the research on seismic solitons is essenfial
investigating the propagation of seismic waves &eths
understand mechanisms triggering earthquakes. phjger
discusses the development of elastodynamics eqgaatio
similar to Maxwell's equations in a chiral -mode ot is
applied to a seismic channel, which is dispersived a
nonlinear. The chirality is described in terms dfet
formalism proposed by Born-Fedorov. The nonlingarg
Kerr-type, and dispersion of the medium is taketo in
account explicitly through the Taylor series expans
Through numerical calculations these theoreticabules
allow us analyze the soliton propagation of S-siigpulses
which can induce strong earthquakes. The numerical
calculation is applied to the San Ramon Fault logad in
Santiago City, Chile which is a seismically actiaelt that is
a main element to be considered in any study osnsei
hazard assessment for this city.
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S waves, San Ramon Fault,

earthquake, soliton.

l. INTRODUCTION
Paleoseismic studies of a prominent fault scarthetwest
flank of the Andes in Santiago, Chile (The San RaiRault)
were published recenthThe San Ramén Fault (SRF) has
been recently identified like a geologically actfeilt which
can produce large magnitude crustal earthquakeghen

the

geomorphologic map of the San Ramén faBkeismic
moment can be estimated with a fixed rupture wiftt80
km, consistent with the structure of the SRF athi¢srmijo
et al., 2010Pérez et al., 2033and 5 m of average slip. In
that case, assuming that the fault scarp is eitBedm long,
according to the most emergent part of the scar@50km
long if considering the entire well-recognized S@¥mijo

range of ™, 069-74 [1-6]. Figure 1 shows

et al., 201), predictsm,, U 7.25and M,, I 7.5, respectively.

Those magnitude estimates would imply surface nepamd
significantly stronger ground motion (and destneteffects)
for SantiagoPérez et al., 201®ilz et al., 2011

TREMWCH SITE

o Vel : i 1 k| B 5 o ey e
Fig.1: The San Ramén fault scarp, Chile (WAT—waeslean thrust). The geomorphologic map (Armijo et2010) is
draped over a 9 m digital elevation model. The Bamén fault forms a continuous scarp that limitth® west the uplifted
piedmont covered with Quaternary alluvium and iedi®y streams (early-middle Pleistocene in yellones, late
Pleistocene—Holocene in white).
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To further investigate site conditions in the Sagi basin
we must consider different locations of possiblpdoentres
along the San Ramén Fault, a multikilometric fronbaust
at the western front of the Main Cordillera, whiths been
shown to pose a significant seismic hazard for ¢hg
(Armijo et al. 2010). The best surface expression of the San
Ramon Fault is found along an around 15 km longnsst
with a sharp fault trace in the 25 km long partassapng the
rivers Mapocho and Maipo along the San Ramén maunta
front (see Fig. 1).

In this paper we propose a model to estimate thgninale
of earthquakes along the fault of the SRF whicls &g a
seismic channel which develops a soliton pulsengcts
earthquake source. Rotational motions in earthgsakeces
naturally generate rotational seismic waves [7-10].

The difference in speed of travel of P-waves andaSe is
vital to transmit energy of seismic wave. The P evdw a
longitudinalwave or a&ompressionwave. Force is applied in
the direction that the wave is travelling. In S wathe
medium is displaced in dransverse (up and down -
compared to the line of travel) way, and the medmuost
shearor "move away" from the material right next totat
cause the shear and transmit the wave. This take time,
and this is why the S wave moves more slowly then R
wave in seismic events. Here we model the SRF &#ke
seismic channel using a chiral approach [11-13].

There are two types of tectonic solitons which barexcited
in the earthquake source and propagating alongfatig
longitudinal self-distortion (plastic) solitons amstiear self-
distortion solitons. The Earth’s interior is modtlas an
elasto-plastic continuum and elastoplastic waved (9, that
describe elastic longitudinal and plastic sheartodisn
solitons. We apply similar method in order to detiee the
solitons propagating along the fault SRF. The tgpsoliton
studied here is seismic shear self-distortion Stihger's
solitons which may propagate slowly along the faarid
trigger new strong earthquakes. Our main resuljsigion
20) is obtained under the chiral approach [11-13].

The chirality was first observed as optical acyiviand
corresponds to the rotation of the plane of poddidgn in
linear isotropic materials. The Born-Fedorov equadi for
electromagnetic system are given by [14, 15].

D:e‘(E+TCD><E) (1)

)

The pseudoscalaf, represents the measure of chirality and

B=u(H+T.0xR)

has units of length. The validity of equations &by (2) has
been demonstrated in studies of chiral electrodycsmifill]
and from an electromagnetic point of view, chiralitsn

WWW.ijaers.com

pulse can be described by specific equations [12]-[By
analogy between elastodynamics and electrodynamittgs
work we use these Born-Fedorov equations whichtlaee
most suitable to study SRF like a seismic charnidete the
electric permittivity is equivalent density of mett - o,

the magnetic permeability is equivalent to the iseeof the
Lamé parameteps — 1/ . The speed of transversal seismic

S- waves is given by/ o/ [14, 15] and changes of the

polarization of transverse seismic waves are tak® i
account during their propagation through the SRF.
. BASIC EQUATION FOR ROTATIONAL
PROPAGATION.
Using equations (1) and (2), we obtain in the ay@ls
framework under this section the nonlinear Schrdelin
equation for a chiral seismic channel. (S-type wave

D, =p,Es+ pTC(D x ES) 3)

4)
These equations are symmetric under duality tramsftons
and temporal reversibility,0, is the density of matter and

By =1/ pg(H o+ T (0% H )

T. the chiral rotational seismic coefficient. The
corresponding like Maxwell equations are
- dpE) . o L\ poE, . oE
OxH.=——~+0E . +—T (OXEJ="""S+0gE4+pTOx—2
S ot S ot ( 5) ot SHPTE
®)
= 0B oH a(Dst)
OxEy=——7==—-(1/ S— (U u T ——* (6
s =S =)= = = (T ——— (6)

Taking the rotational of the equation (6) and cdesng the
following approximations

0D, 0=p0E+pTOMxE, O, 00 - Op, - 0

OB, =0=0H=0

We obtain the following wave equation
2 2 62 2=

DB+ U ppTE 5 D'E= (Un 9p

0°E,

"o’

0°E,
ot?

U)o+ (Wp)pT o+ W o) TEXEE ()

U )oT xS

Here we assume that the chiral seismic medium s I§érr
nonlinearity type, described by a refractive indmich that
the seismic permittivity is

P, = ps+p,|EJ ®)
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where p; is the linear part andp, is the nonlinear
component respectively op, ois the rock conductivity

loss. Past studies have demonstrated that they/pkpor style
of faulting is potentially significant for correlag

earthquake magnitude and rupture parameters. Bgadte
the dominant slip type for SRF in this paper, we asimple
scheme based on equation (8).

From equation (8) we can be inferred easily theresgion
for the index of refraction as in [8]. Replacing,into

equation (7) we obtain

6E

D2E5+(1/,us)pstaaE5 DPE=/u Jp oz

9E _ 20%E
+(U g )o S+(1/us)p2|E4 S+
)
E o’E,
2(1/us)pswx +(1//-13)T¢02|Esl; Ox—>
aE

+(L/ g )T o0 x—=
( /'IS) C at

Assuming thatEs represents a localized waveform, which
propagates in the z direction, it has
E(r.t)=(%+ [§)W(r.t) e =Pl (10)

where ¥ represents the complex envelope. To solve the
equation (9) the property of the Fourier transform

°fot? o -af

operators]® and [ X.
After several algebraic manipulations the resudtsgollows

is applied, and then we determine the

21,2\ _n; ﬂ_ 2
(1—Tcko)( 2k kowJ
L =
-V—lz[Zona—T-waj: (11)

20K + jaga (1-T k) ®
-Beg |9 (1-T,k,) @
where

a=Qlu)o; K,v=ay;

B=QAIu)p,, | :\/—_1. To get to the equation (13) the
approximation of small amplitudes is also consideggven
by

6LP
07

2 _ 1.
Vs_ysm’

ov|
| at]

el e
e
To illustrate the difference between the high fiestry and
the low frequency in an earthquake we show therdig
which corresponds to the strong earthquake Febr@ry
2010, Chile. Here we have a set of measurementsgbf
frequency energy radiation. The upper, middle amaet
traces are an observed seismogram, the squarke banhd-
pass (2-4 Hz) filtered seismogram, and its smootiirae
series (normalized by the maximum value), respelgtivA”

and “F” in the lower trace denote the arrival ovBve and
estimated end of high frequency energy radiation,
respectively ¢ have correspondence with the upper signal

_ a\@\zmp\
0|, at ‘

. L2
a 0 ‘on\tu\ Lu‘

of high frequency> 10 radians/seg andg—thave

correspondence with the lower signal of slow freopyg [14,
18]. In our analysis we assume that a possiblégaake in
San Ramon Fault waveforms can be similar but ofelow
amplitude to those shown in Figure 2
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Fig.2: A measurement of high frequency energy taahieof the February 27, 2010 Chile Earthquake, tlottom graph shows
the low frequency signal which is the envelopdefiigh frequency wave. In the next section thiglepe is modeled as a
Gaussian pulse.
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The effect of dispersion is included heuristicaMaking the

change of variables@= ZKOqJ y = and

Z
1-T,2K2
rearranging the terms of equation (11) we obtain

i % Ea_¢) g 2
J[(azDJr\/ at} (1-kT.) 2K <’
Tl @

P
(2

iy

As the envelopéP(z, t) is a slowly varying function of in

(12)

Zand t, the dispersion relationk:k(a)) can be

transformed to the domain of spatial variationsnisans of
Aw= w—w,, which is a small deviation of the sideband

frequency with respect tay,, and throughAk = k—k;,

which represent the corresponding wave number.
Using the Fourier transform foAk, Aw , approximating

10 £ and using the Taylor series we obtain
10 _ ko _10K0, Kk
vot dwodt "204f ot® T« ot

By substituting this operator in equation (14),atkain

dp 1 0¢ 1,,62¢7 Bak | 2
S ARl T 1-k T
JazD+vg ot 2" of HloT) 5 2% ¢ a Iﬂ”)(zk)“"'q(“”
+[l—%]1k§¢: 0
(13)

where

6k 1 9%k
K== K= ;

dw v, i1

Equation (13) describes the propagation of pulsesdhiral,
rotational, dispersive and non linear channel [13].

The first term represents the evolution of the @ukgth
distance. The second, and third terms

%) and K"

scattering of a seismic chiral channkl(=

corresponds to the chromatic dispersikin indicating that
the pulse moves with the group velocity, while tigpersion
of the group velocity (GVD) is represented Ky, which
alters the relative phases of the frequency compusnef
pulse widening, producing its temporal expansiome T
fourth is associated with attenuatiodr §, in this case such
losses are weighted by the seismic chirality. Tifte ferm

2 . . . .
M @represents nonlinear effect, like a Kerr effectjaluhis

WWW.ijaers.com

represengs th

characterized by having a refractive index dependarthe
seismic field intensity and related to the slipawhat can
alter and widen the spectrum of frequency. Thisntatso
depends on the chiral factor. Finally, the lasintés clearly
associated with the chirality of the seismic ch&nne

. ANALYSISAND SIMULATIONS
In order to ease up the solution of the propagatignation

z
the following change of variables is introducéti=t - —,

Vg
zr=Z
Defining
ViS psk a =)o k=52 B=u)p,
C=1-kT. (149
z 2] 1 1
=2 , 2= kn=—,V =—= y
=2 2= AE0 v T K oak/ow
- ok (15)
3 ,
We have
j@——lk” 62q woaC ,Ba)oa| |
0z 2 ot¥ 2k0 (2k0)
(16)
Finally, is useful normalize the Eq. (16) by intanthg
t*
T=— a7)
t0

Let us model heuristically the relationship betwées wave
amplitude and the initial seismic power as follows
The normalized amplitude q (equation 16) is prapo#l to

P Rt E
S or s's _ s
Pref Pref tref Eref
Wherer; is the power earthquake,, is the power reference

and t.is the time duration of the earthquake,=1, ,

using the empirical equation of Gutemberg and Ri¢hé]
which is useful for magnitude of shallow, small-recate
nearby earthquakes
logE; =11.8+ 1.3M

(18)
We have

Eqg 0.12Mg-M
— =€
Eref

ref )
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We use this empirical equation because this thgivgs a
relationship between the magnitutiie, and the energy

releasedE, which only tends to saturate for really great

earthquakes.
Thus we can model the S-wave q through the tramsfton

_auC,
e«lovlz(Ms’Mrer) e 2k0 LK ZT)
(19)

where Mg is the peak magnitude of the soliton amg, is

q(Z,7) =

the reference magnitude for a weak seism which asts
calibration standard. Finally the expression (1@n de
scaled as

aw
) 2 -—3CZ
ou 1k”o°U 12Mg—M

) _ N ﬁwo o 0.12Ms-M )e ko 2 U

__tx oY U
Jaz (2k,)’° 4

2 té ar’
(20)

To our knowledge this is the first time that thegmitude

M

Schrodinger equation. Through numerical calculatitdrese
theoretical results (eqs 14-20), would allow analyhe
effects of chirality on the attenuation of equati@®) for
propagation of S-seismic pulses. Also we take axtoount

of earthquake is considered into the nonlinear

S

the magnitudéi, of moderate earthquakes along the SRF

which can trigger strong earthquakes in Santiagg. Ci

To solve the pulse propagation in nonlinear disgersiedia
we use the split-step Fourier method. The relasipeed of
this method compared with most FD methods can be
attributed in part to the use of finite-Fourieraséorm (FFT)
algorithm [17]. In general, linear and nonlinearrtpaof
equation (19) act together along the length ofedmghquake.
The split-step method obtains an approximate swiuby
assuming that in propagation the seismic field aveamall
distance\z, is carried out in two steps. In the first stapni
Z=27Z,6t0Z=2,+AZ/2, the linear part acts alone, and the

non linear part is zero. In the second step, thdimearity
acts alone in the poifiZ/2, (linear part is null).

For the simulation we consider an average of vBtog
because the bedrock of SRF is layered withx 2.500m /s
between 0 and 2.2 km dept¥, = 3.300m /s between 2.2

km and 8 km depth (Barrientos et al. 2004) [19 Th
frequencyw,was set te 10radians/ < in this simulation.

The wave comes to 8 km deep in the bedrock.
Figure 3. shows the Intensity U calculated numéyideom

weak seism which acts as calibration standard tdimenar
Schrodinger equation withv >1.Here 7. =0, Cc=1 the
chiral effect is not considered. The andbe between the
plane which contains U and axis &= 0.The normalized

aay

attenuationW is neglected for short distancg, 30km.

The equation (20) is reduced to
U 1Ko’V . Bef;
Yz T 2 a (ag)
Which is the typical result obtained by other aush@, 9].

bfu

INTENSITY

7o U]

TIME, 77T,

Fig.3: Parameters of a weak earthquake;

Tef =1, MS =1,

kyVs =W, ,T, =0, C=1
Jp! us =3kml's pg = 4g/cm”3 p, =10°* Z, = 30km,
B=@1Iu)p,=10°, c=1, 6=0, depth= 8k
The propagating shear wave is represented by asfaaus

pulse simulating the bottom graph of figure 2
Figure.4. shows the envelope of U for a strongheaidke

withc =1-kyT. = 0.3, nearly of Z =30kmwe have a peak of

U, which it indicates that the maximum of U cargger a
major earthquake. From equation (20) we can obtain
M S - M ref

. = 6.4, that isM_ = 7.4. This value agrees with the

estimations of Vargas, Armijo y Pérez [1, 2, 3]padively
who are used the Wells — Coppersmith’'s semi engbiric
approach [6]. We note that in this papgy U M because

M only tends to saturate for really great earthquakes

M,, >8.0. The properties of rock in the seismic wave travel

path are important because they directly influeribe
amplitudes of seismic waves. Rock is hormally coead to
be stable with respect to seismic amplificatiort, lere we
show that this is not always the cas$be wavelength of a
seismic wave of a given frequency is proportior@lits

equation (20). The parameters correspond to a weakvelocity. v, =vs=A f. If a shear wave passes into a lower

earthquake withv g =1, M is the reference magnitude for a

WWW.ijaers.com

velocity medium, it will reduce its wavelength sodonserve

Page | 86



International Journal of Advanced Engineering Resezh and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.11.14

V& Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

energy, the wave is amplified. Sedimentary basiaseh
lower velocities than bedrock and can thereforedpce
intense amplification of incoming seismic waves.skésmic
wave travel faster through harder denser rockscamapact
sediments than through soft rocks and loose sedinTdre
change in velocity also changes the rate at whaiknsc
energy is amplified. As a wave travels up to thgetawith

sediment (nearly of =30km), density decreases (as does

the impedance), therefore the shear wave veloditp a

decreases. If Energy is to remain constant whenewav

approaches the surface, the particles velocity rmesease

As we can see, rotational tectonic waves can piatpagong
the fractured tectonic fault like SFR with a speé®-4 km
per second. These waves may have a form of rotdtion
seismic solitons and can trigger major earthquakiess, the
research on rotational seismic solitons is esderita
investigating the propagation of seismic waves &ptps
understand mechanisms triggering earthquakes.
rotational seismic waves propagate faster in salaks and

much slower in fractured media along tectonic faul

rupture breaking the free surface is another inamobrt
element to keep in mind in order to improve futkireematic

to compensate the decrease in density and sheae wav rupture scenarios for the SRF region. Indeed. is ttodel

velocity producing a large effect on the basin tagediment

further improvements should include local site/sefilects

impedance affects the amplitude of earthquake groun and basin/topographic effects.

motion. WherZ >30km, the S-wave along the rock layer
decreases due to the drastic change of impedarieedie
the rock and the sediment layer. Impedance is tbeéugt of
the density o), the shear wave velocityv{) and the

cosine of the angle of incidence which is definedhee angle
between the vertical and the direction of seismiavav
propagation. In terms of angl the change in impedance is

expressed with the impedance contrast pVsinds/pY ,
At Z,=30km the coefficient s

e =pVssinbs—pY /(oY sind #p\ with

lc =pVgsind/py >>1 the S-wave has a peak with

reflection

M, >7, that is the energy E reaches a maximum that is

transferred to the basin layer where seismic wazes
trapped and begin to reverberate.
Thus we can see that the chiral factor C contribteethe S

wave to be amplified. Consequently the S wave tsave

further along the fault.

INTENSITY
)

[SE=}

o -4

TIME, T/T,

Fig.4: Parameters of a strong earthquake, Pealugf> 7,
M, =1, C=1-kyT. =03

Jpl s =3km/ s, ps =4g/cm” 3, p, =10(-4) Z, = 30km,
w>10radians/s.8 =15°, depth= 8kir
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V. CONCLUSIONS

In this paper we have obtained the Schrodinger imeat
equation for a channel whose core is chiral, d&perand
has nonlinear behavior. The effect of chiralitymanifested
by the terms associated with the loss of the clihannel
and the nonlinear coefficient. The most significeggult of
our work is that to use the chirality of S waves cancel out
the losses and nonlinearities of the channel, whichld
allow us to modify radically their behavior as chah of
seismic soliton. Numerical calculation of the edquatwas
obtained, to model by soliton in the SRF. We preptisat
the San Ramoén Fault is not only a geologicallyvacfault,
but also it presents seismicity that can be astatiaith this
structure at and resulting in a seismically acfaudt too.As
seismic waves travel though the ground, they trdaster
through hard rock than soft soil. As a result, whenwaves
move from hard rock to soft soil, the amplitudedtness) of
the waves needs to increase to be able to carrysdhee
amount of energy, creating stronger shaking. Thises
principle accounts for the site effects of sedintéitkness.
The deeper the sediment above bedrock, the motesgibf
there is for seismic waves to travel through, tfueee
creating stronger amplificationghis is a main element to be
considered in any study on seismic hazard assesdonghe
city of Santiago, Chile. Through numerical calcigias our
theoretical results would allow analyze the propageof S-
seismic pulses that can trigger strong earthquiakigss city.
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Thermal and Elastic Properties of Thin Films
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Abstract—Optical, electronical and structural properties
of thin films have been largely reported on literat On

the other hand, thermal properties have receivétle li
attention. Here we adopted two different technigtes
determine thermal and elastic constants of thimgil The
first was the bending beam technique, based on a
deflection of a laser beam, used to determine d&ldéus of
curvature of the film/substrate composite, allowing
extracting the stress of thin films. By making ¢hes
measurements in substrates with different coefficas
thermal expansion we can also obtain a mixed @asti
constant (biaxial modulus) involving a combinatimfrthe
Young's modulus and the Poisson’s ratio. Combining
these results with a second technique, i.e.,
nanoindentationmeasurements, we demonstrate that on
can obtaina total of 5 different thermal and elasti
properties of thin films: stress, hardness, cogffit of
thermal expansion, Young's modulus and Poissotics ra
The procedure was used to obtain these parameters o
hydrogenated diamond-like carbon (DLC) thin films.
Keywords—Coefficient of thermal expansion, Young’'s
modulus, Poisson’s ratio, stress, hardness.

l. INTRODUCTION
Mechanical and structural properties of amorpha@uban
are largely reported in literature. However, thare few
works reporting the thermal properties, such as the
coefficient of thermal expansion (CTE) [1-4]. It veell
known that amorphous carbon tends to have higlssstre
[5,6] that hinders the measurements of propertied t
require relatively thick material, such as the rneasment
of thermomechanical properties. The high stresidithe
production of stable thin films with thickness ofwf
microns, which is necessary for the measuremetiheo
CTE using the bending beam technique.
Here we report on a combination of the measureroént
two properties, stress and nanoindentation
(nanohardness), that allow the determination of 3
additional thermal and elastic properties of tliimg, i.e.,
the coefficient of thermal expansion, Young's masdul
andPoisson’sratio. This procedure was adopted to
determine those parametersofamorphous hydrogenated
diamond-like carbon (DLC), a-C:H.
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Il EXPERIMENTAL
The DLC films were prepared by plasma enhanced
chemical vapor deposition (PECVD) on the cathode
electrode at high bias (800V) following descriptiof
reference [7].The films were deposited at room
temperature using a flow of methane (ldnd keeping
the pressure constant at 1.0Pa.
The measurement of the stress was performed by the
thermally induced bending (TIB) technique, which
comprise of the deflection a double beam laseratece
with two mirrors) from the surface of the film. Bhi
procedure allows the determination of the curvatiréne
film/substrate sample from which one can obtain the
stress of the film. By making the measurement as a
function of temperature one also determines thertak
expansion coefficient of the film. Detailed destidp is
found in reference [3]. The hardness of the films
deposited on a silicon substrate was measured wsing
Berkovich diamond tip from a NanoTest-100 system an
adopting the Oliver and Pharr method [8].

M. THEORY
The stress g of the films were determined using the
bending beam technique, which consist in deterrgitie
curvature of a film/substrate composite before afidr
the film deposition using the Stoney equation(g,1

s =( 1)

/6t G~ )
whereE;, v, andt, are the Young's modulus, Poisson’s
ratio and thickness of the substrate, respectively,and

R, are the radius of curvature of the film/substrate
composite and the blank substrate, respectively,tais

the film thickness.

For the determination of the coefficient of thermal
expansion one needs to perform measurements of the
stress as a function of temperature, as illustratddgure

la. The slope of the stress withtemperature &eadlto

the thermal expansion coefficient of the film,) and

substrated;) by the equation [9,10]:
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Stress, §

. ar

0 slope=E; = E/(1-vs)

Load. P

Temperature, T

Substrate thermal expansion, &

Displacement, &

Fig.1: Schematic diagrams of (a) stress (s) of fiiin as a function of temperature, (b) variatiohstress with temperature
(ds/dT) as a function of the coefficient of thermal expam®f the substratex() and (c) load as a function of tip
displacement in typical nanoindentation measurement

& = (LY (as — ap) )

ar = “-vg

wheref; and v, are respectively the Young’s modulus
and Poisson’s ratio of film. Thus, if one performs
measurements of stress as a function of temperature
different substrates, eq. 2 shows that the/dT versusg;

is a linear relation, where the intersection witie t
abscissa axis is the coefficient of thermal expamgi,)
and the slopekK;) is the biaxial elastic modulus of the

films, i.e.:
o)

U0~ B /1 - v @)

S

E; =

The hardness of thin films has been usually detexchi
using nanoindentation techniques with Berkovich
diamond tips and adopting the Oliver and Pharr mode
[8]. Figure 1c displays a sketch showing the main
characteristics of the indentation process. A lpkted

on the indenter is measured as a function of tpe ti
penetration (displacement). The final load is dateed

by the user and kept constant for a short periaithen
the indenter is unloaded. The hardnebk, is then
determined by:

Pmax
H=—="%= 4)
where P, is the maximum load applied to the film and
A is the indented area of the diamond tip. The
measurement also allows the determination of thstiel
constant by using the slope (stiffneSk,extracted from
the upper part of the unloading curve, which isegiby

[8]:

s=®_2gp VA (5)
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whereg,, is the reduced modulus given by:

1 _ a-v?) + (1-v}) ©6)
Ey Ef E;

Whereg; andv; are the Young's modulus and Poisson’s
ratio of the indenter (diamond tip).

Since the properties of the diamond tip are knoweh the
area can be determined by the tip geometry and
indentation depth, one can obtain the reduced msdul
determined by the nanoindentation prodgssas [6]:

1 a-vp?) 1 (1—1:?)(7)
Ey  Ef  Er E;

or

_ _Er
EH - (1—1;}) (8)

In summary, from stress as a function of tempeeatund
nanohardness measurements one obtains 5 thermal and
elastic properties of thin films: stress),(hardnessH),
coefficient of thermal expansiomy), and two reduced
elastic modulus, one obtained from stress vs. testpe
measurementsE( = Ef /(1 — v¢), eq. (3) and the second
from hardness measuremeay,; (= E;/(1 — vﬁ), eq. (8).
Note that both reduced elastic modulus are diffeirethe
exponent of the Poisson’s ratio, which is 1 forréduced
modulus obtained from stress and 2 for hardness
measurement. That is an interesting result sineetwo
equations are independents, so they allow us taaxt
separately both the Young's modulug&;)( and the
Poisson’s ratioVf) of the film by solving the system of
equations (3) and (8). A similar procedure for detaing
separately the Young’s modulus and Poisson’s hatie
also been proposed by Ferrai al [11], but using
Brillouin scattering in place of the bending beam
technique used here.
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V. RESULTS AND DISCUSISION
The above procedure was adopted to determine the
thermal and elastic properties of diamond-like (DLC
film. Figure 2 displays the stress) (as a function of
temperature of a DLC film deposited in 2 different
substrates: Precision glass 211 and Corning glass
7059.The negative value of the stress indicatestitess
is compressive, which has usually been observed in
amorphous carbon film [5,6]. The value is relatyvkdw
since the film was prepared at high bias produdng
material with high concentration of %spbonds. The
positive slope ds/dTpf those curves indicates that the
thermal expansion coefficient of the film is smallean
those of the substrates, and the higher the difteréhe
higher the slope.

a-C:H

-0,82
Precision glass 211
P
o -0,844 ;
e gs
2 ar |
g :
big} '

-0,86 . B
Corning glass 7059

-0,88

20 40 60 80 100 120

Temperature (°C)

Fig.2: Stress as a function of temperature of a-@lids
deposited in two different substrates (Precisicasgl211
and Corning glass 7059).

The slope of the measurements displayed in Fign2be
plotted as a function of the coefficient of thermal
expansion of the substrates. In Fig. 3 we showxamgle

of this procedure using a-C:H films deposited on 5
different substrates (silicon and germanium (111),
sapphire, Precision glass 211 and Corning glas®)705
One can observe that it follows a linear relatiathvthe
coefficient of thermal expansion of the substratéinear
fitting of the data gives a slop& (= d(ds/dT)/da, =
E¢/(1 — vs) equal to 95GPa, and the intersection with the
abscissa gives the coefficient of thermal expaneiothe
film (as)equal t02.2x10 C*, according to equation (2).
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6 L
d(ds/dT)
= 95GPa
das T T7
T
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0 2 4 6 8 10
ag (10°CY)

Fig.3: Slope of stress versus temperature as atiumof
the coefficient of thermal expansion of the sulbstra

Table 1 presents the results obtained for the staesl
hardness measurementsof a-CH films deposited ob) (11
silicon substrates. The reduced biaxial modulus
determined by stress w&s=95GPa (Fig. 2), whereas the
reduced elastic modulus determined by
nanoindentationw&$,=GPa. The difference is due to the
fact that these reduced elastic moduli are differ&y
adopting the procedure described in the theoryisect
one can use this difference to extract separatayptire
Young's modulus E=77GPa) and the Poisson’s ratio
(»=0.19) of the a-CH film using equations (3) and (8)

Table.1: Thermal and elastic properties determined
through stress as a function of temperature and
nonoindentation and using the procedure describeitié

text.

Stress 0.87GPa
Hardness 14 GPa
Thermal expansion coefficient 2.2x1a¢?
Biaxial modulusE/(1-v) 95 GPa
Reduced modulu€&/(1-V) 80 GPa
Young’s modulus 77 GPa
Poisson’s ratio 0.19

V. CONCLUSION

Measurements of stress as a function of temperature
thin films deposited on substrates with different
coefficient of thermal expansion supply an elastic
modulus different from the one obtained by
nanohardnessmeasurements. In this work we present a
procedure using these two techniques to obtainratgha

the Young’s modulus and the Poisson’s ratio of thin
films.Thus, by adopting these two techniques one ca
determine 5 thermal and elastic properties of flimns:
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stress, hardness, coefficient of thermal expansion, Brillouin scattering”, Appl. Phys. Lett. 75, pp.93
Young's modulus and Poisson’s ratio. The procedae 1898.July 1999.

adopted to obtain those data from hydrogenatedatidm
like (DLC) carbon films, a-C:H.
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Abstract—The requirement of pedal mount have become
increasingly complex in recent years due to the expansion
of global markets and diversification of the conditions
under which vehicles are used in different parts of the
world. It is also becoming increasingly important to ensure
that vehicles offer adjustability, ergonomical for the driver,
light weight, serviceability, secure and better braking effect
which are expected by drivers, but can also provide less
aggressive feel to driver while severe braking. We designed
it with keeping all the requirements of pedal system and
driver in mind. The chances of condition of pedal fail isalso
reduced in ours design and also the weight of whole
assembly is very less than the conventional ones. The aim of
this study is to design and analyse the brake pedal and
accelerator using Solidworks and ANSYS software
Keywords—Automotive brake pedal, accelerator, Light
weight, adjustable.

l. INTRODUCTION

An automobile or other road vehicle may have twthree
pedals. They can be either hanging from the firewal
(bulkhead) or standing on the floor; the latteussially used
in off-road vehicles and sports car. The arrangérisethe
same for both right- and left-hand traffic. Frorft te right:

* Normally operated by the left foot:

Parking brake pedal (in some newddriales, in

place of a hand brake lever)

* Normally operated by the right foot:
Throttle (known as the accelerator or gas pedaljtrols
fuel and air supply to the engine. It is usuallyroe and
close to the floor allowing the drivers heel totres the
floor. It has a fail-safe design in that it autoioally returns
to the idle position when not depressed by theedriv
1.Floor Mounted Pedals
If the pedals are mounted at the floor then thdéy on
adjustment would be the length of the pedals andrgay
compromise driver ergonomics if you make the pettzds
short or too long.
2. Advantage of floor mounted pedals

» Lower CG is obtained.

* It has more natural foot movement.
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* Floor mounted assemblies are typically more
compact (out of necessity).

» It provides simpler line routing

* Floor mounted assemblies
mounting options.

typically has less

. PURPOSE

» The essential purpose of the brake and throttleesys
of the vehicle are extremely simple. The throtéeds
to make the car accelerate at the driver's wilfj #re
brake system needs to make the car decelerate at th
driver’'s will. However, the overall capability ohé
system transcends this simple definition.

» Other considerations that must be taken into adcoun
in a braking and throttle system is are ergonoraic
component interference.

* In terms of ergonomics, the driver must be able to
comfortably use the brake and throttle pedals for a
extended period of time.

M. WORKING
1Brake System:-When you push the brake pedal it
depresses a piston in the master cylinder, forituig along
the pipe The fluid travels to slave cylinders atteavheel
and fills them, forcing pistons out to apply thakes. Fluid
pressure distributes itself evenly around the systéhe
combined surface ‘pushing' area of all the slagtops is
much greater than that of the piston in the masgknder.
Consequently, the master piston has to travel abireshes
to move the slave pistons the fraction of an indakes to
apply the brakes. This arrangement allows greaefto be
exerted by the brakes, in the same way that a temgied
lever can easily lift a heavy object a short dis&an
2. Acceerator system:-The gas pedal in your car is
connected to the throttle valve -- this is the eabhat
regulates how much air enters the engine. So teggdal
is really the air pedal. When you step on the gafaj) the
throttle valve opens up more, letting in more @he engine
control unit (ECU, the computer that controls all the
electronic components on your engine) "sees" thettth
valve open and increases the fuel rate in anticipabf
more air entering the engine.
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V. MATERIAL
After performing detailed study of the different tergals
that have been used in the pre-existing pedal mouat
formulated the properties that were required tptssessed
by the material chosen for our pedals.
« It should possess high fatigue strength.
« It should have good machining properties.
« It should have high strength.
* It should possess resistance to corrosion.
« It should be cheap and easily available
After detailed research of all kinds of materialigvh fit
properly in the above properties, we decided upan o
material which could be used for our turbine.Aluimin
alloy 7075 as our pedal material because it posdesse
perfect balance between corrosion strength, cost,
machinability and fatigue ability possesses, lesssidy (i.e.
low weight) than that of stainless steel and is legstly
than stainless steel.

Table.l : Properties

Properties Values
Hardness, Brinell 150
Ultimate Tensile Strength 572 MPa
Tensile Yield Strength 503 MPa
Modulus of Elasticity 71.7 GPa

Fatigue Strength 159 MPa
Poisson's Ratio 0.33
Shear Strength 331 MPa
V. METHODOLOGY

The design of the pedal is carried out as per Ilthe ¢hart
given in fig. In this flow chart, the initial stegtarts with the
material information, machine specifications, getiine
dimensions and tolerances required to be achieveth®
component, and different parts of the head end sub-
assembly and their cad drawings which are modesétgu
the software Solidworks.
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Fig 1:-Methodol ogy

Before the design of the pedal, some requirements to

be considered.

Pedal design Requirement:-

1.Size: In view of the limited space available for the
driver’s feet, the dimensions should be small assitde but
must comply with safety and ergonomics standaras. F
dimensional reference, existing model of Wilwoodiges
taken.

2. Weight: In view of reducing the weight of accelerator
pedal, it should have minimum weight.

3. Safety: The component must be free from sharp edges.
The system must comply with all relevant partsrafid and
international legislation. The maximum force on the
accelerator pedal is 40 N with a maximum deflectvériO
mm.

4. Environment: The accelerator pedal must be capable of
use in all weather conditions and should be norosore. It
must be resistant to fuel slippage, greases andldhmt
degrade by ultra violet radiation.

5. Ergonomics: The distance between steering wheel and
accelerator pedal are kept sufficeintly. The retfwrce
should be between 40-60 N. The dimensions of pedal
should not be too short so that drivers feel difficto
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depress the pedal. The design must provide conafiodt
enough space installing and removal of the pedakidgh
dimension should account factors for easy accdisgiand
women driving with high heeled shoes

6. Brake pedal ratio:-Pedal assembly ratio, or mechanical
leverage, is the ratio calculated as the lengti filoe pivot
point of the pedal to the center of the foot péddJ divided

by the length from the pivot point to the mastelirder
pushrod. Mechanical leverage is simply a means of

increasing the brake force without increasing ydeg Fig 3:-Balancing Bar
effort. the mechanical leverage increases brakeefor
without pushing harder on the pedal. VI. RESULTS

1.Brake Pedal:-

For 5:1 =@ |
For 6:1 =@ |

For 7:1

Fig 2:-Holes for variable pedal ratios

.LL
£ A1) LUK = g

Fig 4:-Equivalent Stress

7. Balancing bar: The balance bar is an adjustable lever
(usually a threaded rod), that pivots on a sphkhearing
and uses two separate master cylinders for thé &mh rear
brakes. Most balance bars are part of a pedal &bgehat
also provides a mounting for the master cylindéteen the
balance bar is centered, it pushes equally on bwhkter
cylinders creating equal pressure, given that thesten
cylinders are the same size bore. When adjustddrass
possible toward one master cylinder it will push
approximately twice as hard on that cylinder asotier.

S

[T

Fig 4:-Equivalent Strain

MO BEDA RO WOLERATE PG EPPOHT AN FEDAL EFFONT

NOTE
THE FUSHA00 AUSTMENT DERICTED 5 THIE FIGLURE | NEFRESENTATIE OF & TYIOA ASFHALT APPLICATION
THAT (8. CANGE CALIPER PETONS N FRONT, SMALL CALIFEN FETONS v THE REAR
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i

al deformation

Fig 9:-T6tal deformation

Fig 6:-Tot
Table.2: Results for Brake Pedal Table.3: Results for Gas Pedal
. Maximum Minimum Maximum Minimum
Equivalent Stress| 2.128e+009 Pa 8.2778e-004 Pa
Equivalent Strain | 1.1403e-002 m/m  7.3885e-015 9132e-004
a Equivalent Stress  2.3627e+009 R+ 0132800
m/m Pa
Total Deformation| 3.6652e-003 m Om
. . -01
Equivalent Strain| 1.1869e-002 m/n ! 27;)/9;‘ 015
2. GasPedal:- Total
. 4.6999e-003 m Om
Deformation

VII. CONCLUSION

The development process of pedal has been carded t
replace the existing Standard pedal for variousfisn It is
observed that there weight reduction of Due to abe
aluminum alloy 7075. It is produced as a singlet wa
gives lower manufacturing complexities, better &ind
better finish. Moreover, it is also found to be dimsional
stable that makes it suitable for usage in a watgye of
temperature. It is non-corrosive and could be wdrke
without requirement paint coatings. It has an ieher
resistance to fuel, oil and greases suitable fageslt is
inherently better sound insulator than steel.

iy

" [ra A

Fig 8:-Equivalent Srain
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(3]

[5]

Fig 10:-Final Assembly
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Abstract—Ride comfort and adjustability has always been
deprived on low budget suspensions. The main prble
faced in the current market shocks are that, theind
heavy and having no adjustability. There shoulc ey to
provide the masses with a highly efficient shockoster
for a very low price. The project aims to provitie teader
an ideal way to design, analyze, simulate and neatufe

a non-conventional shock absorber having adjusitgbih
the ride parameters.
Keywords—Venturi effect,
Adjustable, Serviceability.

Damping, Air as Spring,

l. INTRODUCTION
Suspension is the system of tires, tire air, sprirghock
absorbers and linkages that connects a vehiclks tehieels
and allows relative motion between the two. Suspens
systems serve a dual purpose — contributing to the
vehicle's road holding/handling and braking for g@ative
safety and driving pleasure, and keeping vehiclrupants
comfortable and a ride quality reasonably wellasedl from
road noise, bumps, vibrations, etc. These goalgamerally
at odds, so the tuning of suspensions involvesrfgdhe
right compromise. It is important for the suspendio keep
the road wheel in contact with the road surfacenash as
possible, because all the road or ground forcesgaon the
vehicle do so through the contact patches of the.ti
The job of a car suspension is to maximize thetidmc
between the tires and the road surface, to prosfiering
stability with good handling and to ensure the amnbf
the passengers. In this article, we'll explore hoar
suspensions work, how they've evolved over thesyaad
where the design of suspensions is headed in thesfu

1. PURPOSE
The main purpose of an automobile is to transpam,nhis
livestock, machinery and equipment from one plage t
other. This transport has to be done with utmost ea the
ride has to be safe and smooth to reduce fatiguth@rin
transit goods, people and also on the automobileoad
shocks can cause collateral damage to the autoenpaits
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as well as human body joints and spine. Hence tiseee
need to eliminate such road shocks and make tlkelegs
bumpy.

M. PROBLEM STATEMENT
The suspension systems that are currently usedadst m
automobiles have steel springs to store the enargy
hydraulic oil passes through shims to damp these
oscillations.These springs made of steel are hemwy
increase the unsprung mass, the characteristitee afpring
remain same irrespective of road profiles. The itortinal
length of these struts are huge and there is nastadjility
until the strut is unmounted from the vehicle ane $pring
has been replaced. This job was tedious and requaire
professional hence it consumes time, increases ast
hence is not a feasible idea as the ride paramedersot be
changed in real time.
Ethereal suspension strut combines air and hydraillin a
single assembly wherein the air acts in spring baithg
naturally progressive in nature and has the capali
store energy. Hydraulic oil passes through thecerifvhere
the velocity and pressure of the oil changes amdpdathe
oscillation. Changing the amount of air in gas cham
changes the stiffness of the suspension and bylesictipks
on the knob the damping can be changed as it véres
area of the orifice.

V. WORKING
1. Air as Spring-
1.1.Breakaway Force:-When a spring is compressed, it
exerts a force against whatever is compressinghits is
called a breakaway force. In order to further coesprthe
spring, the breakaway force must be overcome.
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Fig.1:- Air Springs Sectional View

1.2. Breakaway forcein an air spring

Pressurized air in a chamber creates force agailhst
surfaces inside the chamber. The force acting agaie
piston creates a breakaway force. Because of anisair
spring can feel firm at the beginning of the strdadimilar to
a preloaded coil.

1.3. Preload

A coil spring at rest is not under pressure antese no
break away force. Preloading a coil spring comm®dke
spring without initiating stroke. This results irbeeakaway
force and stiffer spring feel.

1.4. Air Spring

An air spring is the result of a sealed chamb&dilvith air
that has one or more of the chamber walls abledweenin
and out of the chamber. In suspension, the movial i&/
called the air piston. During the compression strdke air
piston presses against the air as it moves intclliaenber.
The amount of air molecules in the chamber rem#ies
same but the volume of the chamber is reduced.rédt
is an increase of air pressure in the chamber. Ay
pressure creates a proportional amount force ag#ies
piston, opposing the force pushing the piston itite
chamber. Pressure in an air spring is determinatidoyatio
of air in the chamber and the volume of the chambke
pressure at any point in the stroke can be cakuxiildty
using the overall length of the air chamber and aive
pressure at top out as a baseline; the percenfadoge is
the result of the amount of piston movement throtigh
length of the air chamber. For example: Take an air
chamber that is four inches long and pressurite 100 psi.
Move the piston into the air chamber two inchesisTh
reduces the volume of the air chamber by 50%, which
doubles the pressure. The remaining chamber léadtho
inches. Move the piston into the chamber one ifdfis
reduces the remaining volume of the air chambebQsp,
which doubles the pressure again. Continue to tejhéa
process of reducing the volume by half and doubtimg
pressure. The result is an exponential increaseaiin
pressure throughout the stroke.
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AlR SPRING CURVE
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TRAVEL (Inches)
4" air chamber with 100 psi

Fig 2:-Air Spring curve- Force vs Travel

1.5. Pressurevs. force

A common misconception is that the pressure in ian a
chamber is equal to the amount of force requireititate
compression. A simple way to think about the relahip
between input forces and spring pressure is to bk
common way that pressure is expressed, poundsypares
inch. In this case, pounds is a measure of forcesguare
inches is a measure of the surface area of thempigy
determining the area of the piston surface, takimkp
account any curvature of the surface, and dividiregforce
by the result, the amount of pressure requiredtmier the
force can be calculated as follows : Pressure sdfarea

2. DAMPING

2.1. Damping- is an influence within or upon an oscillatory
system that has the effect of reducing, restrictiog
preventing its oscillations. In physical systemamging is
produced by processes that dissipate the energgdsiothe
oscillation. Examples include viscous dragin medatel
systems, resistance in electronic oscillators, absbrption
and scattering of light in optical oscillators. Daing not
based on energy loss can be important in otheflatsug
systems such as those that occur in biologicaksyst

The damping of a system can be described as beiagb
the following:

Over damped (> 1)

The system returns (exponentially decays) to dumyitilin
without oscillating. Wherd> 1, the system igver-
dampedand there are two different real roots.

Critically damped ({ = 1)

The system returns to equilibrium as quickly assfue
without oscillating. Whed= 1, there is a double
rooty (defined above), which is real. The system is said
becritically damped A critically damped system converges
to zero as fast as possible without oscillatingh@igh
overshoot can occur).

Underdamped (0<{ < 1)

The system oscillates (at reduced frequency cordptre
theundampedtase) with the amplitude gradually
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decreasing to zero. Finally, when Q< 1,yiscomplex
and the system isnder-damped In this situation, the
system will oscillate at the natural damped freqyesy,
which is a function of the natural frequency anck th
damping ratio.

Undamped

The system oscillates at its natural resonant Beqy (v.)
without experiencing decay of its amplitude.

V. METHODOLOGY

1. Problem definition.
The problem of the suspension was noted down aed th
bump force and cornering force was calculated. B&sc
consideration was that the vehicle of 300kg is mgwver
a bump of 8 inches at a speed of 60 kmph. Accolylithge
ride parameters were set. The amount of forcengan
the suspension was calculated and the gas presseres
noted.
2. Calculation for spring rate.
The spring ratio was calculated at all pressures te
pressure was noted down depending on the ride péeasn
needed viz. soft or hard. For off road terrainsghgpension
needs to be soft and the pressure of gas tubeal@adated,
for perfect tar and cement concrete roads the ssgpe
needs to be hard so that it can work at high spardghe
pressure was calculated.
3. Calculation for volumn ratio.
The volume ratio was calculated for the requiredet of 6
inches and the volume inside each of the tubes was
calculated. Through this the diameter of the tuded the
length of the tubes were calculated keeping theteyeye
length as constant. the basic physical dimensichestrut
was hence derived.
4. Market survey.
Market survey for standard size bearings and sesdsdone
so that they could be readily available at cheapsrat
common stores around the locality. Standard sizpshe
finalize the physical dimension of the componesthaving
to order a nonstandard part increases cost andrelsases
lead time of the production.
5. Designing.
« Based on available bearing and seals (viz. v-greaas,

viper seal) sizes design the inner diameter ofctraral

housing, the outer diameter of the gas tube waguies.

o From outer diameter of gas tube was assumed and a
suitable wall thickness and conclude the inner dizmof
the gas tube.

« Based on standard available size of piston sealpiton
grove was designed for the piston. The outer diameit
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the piston seal should be compatible with innemaiter
of gas tube.

« From the inner diameter of gas tube the basic déines
for orifice was derived.

« Using the inner diameter of central housing theeout
diameter for the oil tube was derived.

« The inner diameter of oil tube was found to be tgea
than the outer diameter of gas tube.

« The outer diameter for oil tube should be the dgvi
dimension for the bottom cap

« The outer diameter for gas tube should be the rdivi
dimension for the top cap

» Use the dimension of standard radial bearing toveehe
hole size on the cap.

« Based on the size of bolt to be used to mount the
suspension, the spacers for both ends were designed

« Using the newly achieved dimension verify the strut
travel through the volume ratio, if the travel is
approximately 6 inches then finalize the dimensions

6. CAD modelling

Use computer aided tools such as Solidworks® toeahod

these dimension using the standard procedure demeod

the modelling software being used.

7. CAE

Import the cad model into an analytical softwareyeh

Ansys® to check

A. effect of internal pressure on the tube

B. thermal effect on the tubes

C. effect of forces on the threads

On achieving satisfactory results confirm all diriens

8. Simulation

Using the newly achieved dimensions calculate fiving

rate and check all ride parameters on Lotus®

9. Drafting

Create a 2D sketch of all components which woutdiithe

all basic views and an isometric view. Provide ssaey

tolerance where ever required.

10. Procurement

Procure the raw materials for all components keemn

minimum of 2 mm clearance to remove quality an@ring

proper finishing to components. The test certificat each
material is to b