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ABSTRACT

The design of Knuckle joint assembly is very time consuming and complex activity. In this paper, a
program has been developed for the design of Knuckle joint. The existing program uses knowledge
database and reasoning. It tries to touch the unexplored field of design of joints by automated system.
The use of AUTOKNUCK helps the designer to design the components of the assembly with high
accuracy and dramatically reduced lead time especially for small scale industries having limited
resources.

Keywords: Knuckle joint, Automation, lead time, small scale Industries

INTRODUCTION

Knuckle joint is a temporary joint that connects two rods which are subjected to tensile loading conditions. The
typical applications of the Knuckle joint are bicycle chains, suspension bridges, roof trusses, Tractors, cranes and
structural members [1]. The design process of knuckle joint in automated system is complex and requires iterations.
To meet critical need of this kind, constraint based design helps to offer a unified network [3]. An expert system was
developed to study the design for manufacturability of die Cast components using section thickness, rib based, boss
based, Core based, Fillet based and Draft based guidelines as the parameters[2].Very little work has been done in the
field of designing joints by automated systems. A method for automated gear box design using specificheuristics and
stochastic search using simulated annealing was discussed [4]. There is requirement of flexi-dynamic and versatile
techniques for sustaining in global market. Computer aided systems plays vital role in accomplishing this endeavor
[5]. In this paper the authors have used the language C for designing an automated system AUTOKNUCK
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Theoretical Design of knuckle joint

The diagrammatic representation of knuckle joint assembly is shown in the figure 1. In order to design the assembly
the following assumptions [1] are made:

a The rods are subjected to tensile force only.

b Tensile stress is equal to compressive stress and permissible shear stress is half of that of permissible tensile
stress.

c The effect of Stress concentration is neglected.

Empirical Relations used for the design [1]:

De=1.1xD,hl1=125xD,h2=0.75%x D, dp = 1.5 x dk, do =2 xdk

Taking 1% rod on the fork side and assuming that it is subjected to a force F to its left; to be in the state of equilibrium,
equal and opposite force must be there so dividing the force in half and applying it to the fork ends to the right
(fig.2).Taking 2™ rod on the eye end and assuming that it is subjected to a force F to its right; to be in the state of
equilibrium, equal and opposite force must be there so applying force to the eye end to the left (fig. 3).The forces on
the pin are opposite and equal as a reaction to the forces applied by both fork and pin (fig.4). The Table 1 given below
show the different parts subjected to possible failure under loading conditions F

System Design

AUTOKNUCK requires the input from the user for selecting the type of material, factor of safety and the design load
required for the knuckle joint design (fig. 5). If the user is not sure about the material, it automatically takes up the
weakest material in its database for design purpose. In this database medium carbon steel is used for designing
knuckle joint assembly ranging from 30C8 to 55C8 (fig. 5). The different parameters of the assembly are calculated by
the autoknuck (fig. 6). The best possible design based on theoretical iteration is suggested on the screen to user.
AUTOKNUCK automatically checks the design for failure of the knuckle joint and in case of failure redesigns the
whole joint assembly until it is safe for the given load (fig. 7).

RESULTS AND DISCUSSIONS

AUTOKNUCK calculates all the proportions of knuckle joint assembly with high accuracy and reliability. Moreover
the time taken to design knuckle joint is greatly reduced. The automated system is made plug and play. It requires
very less system requirements to run as an executable file. The Table 2 below gives the values of different proportion
for different loading conditions and materials assuming 5 as factor of safety.

CONCLUSION

Since finite element analysis softwares and skilled man power are costly, so AUTOKNUCK is fairly good alternative
for micro and small enterprises as it will be very cost effective. It can be used even by a person having basic
knowledge of computer. This automated system shows great potential in teaching as it is a handy tool for students
and teachers to verify their design results by manual calculations. This software can also be used for the accurate
design of various machine elements subjected to tensile loading like tractor trailer system and to reduce the accidents
due to overloading failures.
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Nomenclature
dk = diameter of knuckle pin h2 = thickness of each eye of the fork
dp =diameter of pin head, y =distance of center of fork radius r
do = outside diameter of eye and fork ot = permissible/ design tensile stress
D = diameter of each rod, oc = permissible /design compressive stress
De = enlarged diameter of each rod, T = permissible/design shear stress
h1 = thickness of eye end of the second rod, F= axial load acting
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Figure 1. Knuckle joint assembly
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Figure 4.Pin
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1
yield strength iz 480 MPa

LTI T I
LB T T I =

Enter factor of safety =05
Enter the value of load to he transmitted in KN 58

Figure 5: Screenshot of Auto knuck showing material type, Factor of Safety and Design load

Diameter of each rod =D= 28.203884 mm

Enlarged diameter of each rod =Di= 31.824185 mm

Thickness of single eye end of the zecond pod =hi= 35.254753 mn
Thickness of each eye of fork =h2= 21.152853 nm

Diameter of knuckle pin =dk= 36.824272 mn
OQutside diameter of eye and fork =do= 73.648544 nm
Diameter of pin head =dp= 55.236408 nm

Figure 6: Screenshot of Auto knuck showing values of different parameters
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press
press
press
press
press

strength iz 488 MPa
Enter factor of safety =5
Enter the value of load to be transmitted in KN 58

Jalue of deszign stress in tension = 80_000BBA MPa
Ualue of design stress in shear = 40.8000008 MPa
Jalue of design stress in compression = 80.800000 HPa

Diameter of each vod =D= 28.203884 mm
Enlarged diameter of each rod =Di= 31 .6824185 mm
Thickness of single eye end of the second rod =hl= 35_254753 mm
Thickness of each eye of fork =hZ= 21_.152853 mm
Diameter of knuckle pin =dk= 36.824272 mm
Outside diameter of eye and fork =do= ?3.648544 mm
Diameter of pin head =dp= 55.236488 mm

check -
faliure tenzile stress in eye = J8.513758 HMPa
faliure compressive stress in eye = 38_513958 MPa
faliure shear stress in eye = 38.513958 HPa
faliure tensile stress in fork = 32.894963 MPa
faliure compressive stress in fork = 32.8%4963 MPa

faliure shear stress in fork = 32.874963 HPa

bttt tt ttetttt The design is safettt

Figure 7: Screenshot of Auto knuck showing values of failure stresses
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Tablel. Failure of Individual parts
PART | FAILURE FORMULA DIAGRAM
I —
0= ToE §
Rods Tensile 2 i + _ i
L (
_ F -
Shear C = 2*(7”0”(2) Fi2
PIN 4 ]
E—i Fi2
ob =Bending stress = F
i e UL
Bending (4*F)* (5 -5) T
a4 52 J
F/2 FI2
F
Ot = —_—
. h1x(do—dk)
EYE Tensile
_ F
Shear C = h1x(do—dk)
F
Oc =
. h1lxdk
Crushing

2
0|

0

11245



http://www.tnsroindia.org

Indian Journal Of Natural Sciences

Vol.7 / Issue 37 / August 2016

.

International Bimonthly

www.tnsroindia.org. © IJONS

ISSN: 0976 — 0997

Chopraet al.
- __F
. ot= 2xh2+(do—dk)
FORK | Tensile
F
C= 2+h2+(do—dk)
Shear
H F
Crushing Ot = o

Table 2.Different Loading Conditions

For a loading of 50 KN

Proportions
(inmm) — D D1 hl h2 dk do dp

Material ﬂ

30C8 28.20 31.02 35.25 21.15 36.82 73.64 55.236
45C8 28.93 31.83 36.17 21.70 37.77 75.55 56.66
55C8 26.93 28.93 32.87 19.73 34.34 68.68 5151
For loading 75KN

Proportions

(in mm) = D D1 hl h2 dk do dp
Material ﬂ 34.54 37.99 43.17 25.90 45.90 90.18 67.63
45C8 35.43 38.98 44.29 26.57 46.26 92.52 69.39
55C8 32.21 35.43 40.26 24.15 42.05 84.10 63.07
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For loading of 100KN
Proportions

(inmm) D D1 hl h2 dk do dp
Material _ﬁ 39.88 43.87 49.85 29.91 52.05 104.11 78.08
45C8 V4092 45.01 51.15 30.69 53.41 106.82 80.11
55C8 37.19 40.91 46.49 27.89 48.54 97.09 72.82
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ABSTRACT

NiO nanoparticles were prepared by the direct precipitation method. The as-prepared nanoparticles were
characterized by X-ray diffraction (XRD), FTIR and UV-Visible spectrometer analysis techniques. The
average particle size of nanoparticles was calculated from the XRD study was 18 nm. According to the
UV-Visible spectrum, the band gap value of 5.41 eV was obtained for the NiO nanoparticles. The catalytic
activity of NiO nanoparticles has been studied for the selective oxidation of benzyl alcohol to the
benzaldehyde using air as the oxidizing agent. The NiO oxide nanoparticles showed excellent catalytic
activity for the oxidation of benzyl alcohol to the benzaldehyde. The complete conversion of all the
benzylic alcohols to the corresponding benzaldehyde is achieved within a 3 hour reaction period at 80 °C.
The obtained product of the reaction is identified by TLC, IR and Tollun’s test which was shown
benzaldehyde.

Keywords: Nickel oxide nanoparticles, Catalyst, selective oxidation, Benzyl alcohol

INTRODUCTION

Recently, the metal oxide nanoparticles have been interested by the researchers. The structure of nickel oxide is a
premium example, which has a large exaction binding energy and a wide band gap ranging from 3.6 to 4.0eV
(Purushothaman and Muralidharan, 2008; Deraz, et al., 2008). Previously, Nickel oxide becomes considerable
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attention by researcher because of their catalytic, electrical and magnetic properties (Gaecia, et al., 2003). It has
several applications in the different fields such as magnetic materials (Wang, et al., 2005; Xiang, et al., 2002),
photovoltaic devices (Wang and Ke, 1996), electro chromic films (Li and Xu, 2005), Gas sensor (Zhang, et al., 2004)
and fabrication of catalysis (Li, et al., 2000; Panocove, 1971). The NiO nanoparticles have large surface area to volume
ratio and small particle size by comparing to bulk-sized NiO particles. The nano-sized of NiO particles have a large
magnetic behavior such as super paramagnetic and catalytic properties (March, 1985).

In the last decades, the high catalytic efficiency of nanoparticles in organic synthesis has attracted the interest of
organic chemists to apply in performing many organic reactions, and some of them were successful like oxidation,
reduction, disulfide formation. The oxidation of alcohols to aldehydes are one of the most used reactions in organic
synthesis, as the produced aldehyde could be involved in many organic reactions such as chain extension reactions to
produce alkenes, hemiacetal, and acetal formation, imine (Schiff base) formation ...etc. The classical oxidation of
alcohols to aldehydes includes the use of acidified solution of ordinary oxidizing agents such as Jones reagent
(K2Cr207), but the direction of primary alcohol oxidation usually further oxidized to the carboxylic acid, and the
reaction is not clean with several safety issues (Omura and Swern, 1978) Swern oxidation is also another classical
method, whereby a primary or secondary alcohol could oxidize to an aldehyde or ketone using oxalyl chloride,
dimethyl sulfoxide (DMSO) and an organic base, but this reaction is messy and not very common nowadays. Today's
the mildest method for selective oxidation of primary alcohols to aldehydes without further oxidation to carboxylic
acids is the use of Chromium-based reagents, such as Collin reagent and pyridinium chlorochromate (PCC). Unlike
chromic acid, PCC will not oxidize aldehydes to carboxylic acids, if the right mole equivalents are used, and the use
of water is avoided, but again this method is not favorable as the chromium is reported as carcinogen compound,
and the byproducts (featured in Gary) are Cr(l1V) as well as pyridinium hydrochloride is very difficult to remove and
affects the overall yield of the reaction (Collins, et al., 1968). In this work, NiO nanoparticles synthesized via a direct
precipitation process in the presence of sodium hydroxide. The purpose of this work is to oxidize benzyl alcohol to
benzaldehyde selectively by using prepared NiO nanoparticles.

MATERIALS AND METHODS
Synthesis of nickel oxide nanoparticles

All the chemicals were used as received without further purification. The precursor was synthesized by direct
precipitation method. In the direct precipitation method, 0.5M of NiSOs nickel sulphate prepared in 250 ml of
distilled water at room temperature leading to a clear green color solution. In another beaker 0.5M NaOH, sodium
hydroxide prepared in 250 ml of distilled water. The sodium hydroxide solution was added to the nickel sulphate
solution dropwise. The mixture was stirred for 5 hours at room temperature until form the light green precipitate.
The precipitate was filtrated, washed three times with distilled water to remove impurities. Finally, the precipitate
was dried at room temperature and for forming NiO nanoparticles the precipitate was calcined for two hours at
300°C in the furnace. Until the color of precipitate change from light green to black, which is indicated the NiO
nanoparticles.

2NaOH , —> 2Na" (4q) + 20H" (5)

NiSO, 5 — Ni? g+ SO0s7 (ag)

Ni*2 (@) + 20H" (ag) + XH20 (aq) — Ni(OH)2.xH70 (5
50-100°C

Ni(OH);.xH,0 (5 — = Ni(OH)z (5) + XH20 (g

. 300°C H
Ni(OH), ) — = NiO (5 + H;0 (g

Scheme 1: Precipitate reactions of NiO nanparticles
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Catalytic Oxidation reaction

The oxidation of benzyl alcohol over the NiO nanoparticles catalyst was carried out in a magnetically stirred reactor,
provided with a mercury thermometer and reflux condenser. By dissolving 1 mmol of benzyl alcohol in 3ml of THF
and 3 mmol of catalyst was added to the reaction mixture and heated at 80 °C. The completion of the reaction was
followed by monitoring TLC. After completion of the reaction mixture was diluted with water, acidified with HCI
and then extracted with ether, dried over magnesium sulphate, filtered and the solvent was evaporated to give the
required aldehyde.

RESULTS AND DISCUSSION
FT-IR Analysis of Nickel Oxide Nanoparticles

An FTIR spectrum of NiO nanoparticles shows several significant absorption peaks. The broad absorption band in
the region of 600-700 cm is assigned to Ni-O stretching, vibration mode; the broadness of the absorption band
indicates that the NiO powders are nanocrystals. The size of samples used in this study was much less than the bulk
forms NiO so that NiO nanoparticles had its FTIR peak of Ni-O stretching vibration and shifted to blue direction.
Due to their quantum size effect and spherical nanostructures, the FTIR absorption of NiO nanoparticles is blue-
shifted compared to that of the bulk form. Besides the Ni-O vibration, it could be seen from Figure 1 that the broad
absorption band centered at 3440 cm is attributable to the band O-H stretching vibrations and the weak band near
1635 cm is assigned to H-O-H bending vibration mode were also presented due to the adsorption of water in the
air when FTIR sample disks were prepared in an open air. These observations provided the evidence to the effect of
hydration on the structure. Meanwhile, it implied the presence of hydroxyl in the precursor.

UV-Visible Analysis of Nickel Oxide Nanoparticles

The UV-visible spectroscopy measurement was carried out by using a double-beam spectrophotometer Cary 500
scans and operated in the range of 200-500 nm at a resolution of 2.0 nm. The photo-absorption ability of the NiO
nanoparticle was detected by the UV-Visible spectrum as shown in figure 2. The NiO nanoparticle showed strong
absorption at the wavelength 229 nm. The band gap energy (Eg) of the NiO nanoparticle calculated by the formula:
Eg = 1,240/Ag, where Ag is the wavelength. The wavelength of the absorption edge of the prepared NiO nanoparticle
sample was 229 nm. Thus, the band gap energy estimated from the absorption edge was about 5.41 eV. This result
indicates that the NiO nanoparticle suspension has a high ability to absorb ultra-violet light.

XRD Analysis of NiO nanopatrticles

The Structure of the NiO nanoparticles was characterized by using X-ray diffraction (XRD). The XRD was collected
by using a Rigaku Mini with Cu Ka radiation (A = 0.1541 nm). The diffractograms were recorded in a range of
10-90°. Figure 3 shows an X-ray diffraction study of Nickel oxide nanoparticles synthesized by direct precipitation
method. From the XRD pattern, it is clear that nanoparticles synthesized purely crystalline in nature. All the peaks
found to be the broadened and indicating the formation of small crystallites. The average NiO nanoparticles size was
calculated by using the Debye-Scherer formula.

K2
" PBcosO

Where ‘D’ is the particle diameter size , ‘K’ is the shape factor, ‘A" the X-ray wavelength (0.1541nm), ‘0’ the Bragg’s
angle in radians and ‘B’ the full width at half maximum in radians. The average crystalline size is calculated by using
the above formula is 18nm.
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Oxidation of benzyl alcohol into benzaldehyde

The NiO nanoparticles were used to oxidize benzyl alcohol to benzaldehyde selectively, without further oxidation to
carboxylic acid. The oxidation reaction occurred at 80°C and 3hour reaction period in the presence NiO nanoparticle

catalyst.
Q
H
NiO Nps, THF, alr
3hrs, 80 °C

Scheme 2: Oxidation reaction of benzyl alcohol

Substituted benzyl alcohol (p-hydroxy benzaldehyde) was also oxidized successfully using the above condition to
check the versatility of the reaction. The reaction completion was monitored by the Thin Layer chromatography
(TLC). The completion of the reaction was confirmed by TLC, in comparison to both starting material (PhCH20H)
and product (PhCHO) as shown from the TLC figure 4a, (5:1 petroleum ether/Ethyl acetate as eluting solvent ) after
30 minutes indicated the top spot for the produced aldehyde and the bottom spot is for the benzyl alcohol as a
starting material; Further TLC was checked to follow the reaction process, and it was confirmed that within 3 hours
almost all of the benzyl alcohol was oxidized to the corresponding benzaldehyde as shown in figure 4b, there is no or
faint amount of benzyl alcohol is left with no furthur oxidation to benzoic acid. The same TLC results were obtained
for the oxidation of p-hydroxy benzyl alcohol

Further analysis of the product was conducted by using Tollun’s test as a qualitative specific test for aldehydes only.
The product showed positive test to the reagent by forming a clear silver mirror.

NH,OH
AgNO; + NaOH ——> A0 ——— Ag(NH3),0H + RCHO

Ag¢ + RCOONH, + NH3 + H,0

Silver mirror
Scheme 3: Tollun’s test for benzaldehyde
In addition to the TLC monitoring of the reaction and Tollun’s test as a qualitative specific test for aldehydes, IR
spectroscopy was also used as another analysis method for further confirmation of the success of the reaction. Figure
5 shows spectrum for the p-hydroxy benzaldehyde, and it's clearly confirmed the success of the reaction, as shown in
the C=0 stretching band at 1637 cm-, and two bands as doublet at 1905 and 2016 cm-, the first band for the C-H
aldehyde functional group and the latter is the overtone of C-H bending of the aldehyde functional group. The other

characteristic bands are also present such as C=C stretching band at 1596 cm+, phenolic OH at 3156 cm and C-O is
stretching band at 1159 cm.
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CONCLUSION

Nickel Oxide nanoparticles catalyst has been successfully synthesized by direct precipitation method. The
synthesized catalyst characterized by employing Fourier transform infrared spectroscopy (FTIR) , UV-visible
spectrophotometer and X-ray diffraction (XRD) which confirmed the formation of NiO nanoparticles in the range 20-
90 nm . The catalytic oxidation of benzyl alcohol to benzaldehyde in presence NiO nanoparticles catalyst carried out
at 80°C and 3 hours reaction time in the reflux condenser. The conversion reaction of benzyl alcohol to benzaldehyde
monitored with the help of TLC and the product of the reaction identified by TLC, IR and Tollun’s test which was
benzaldehyde. For this reason, the present work provides an inexpensive and efficient way for oxidation alcohols.
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Fig. 4: TLC monitoring for oxidation reaction completion
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ABSTRACT

Silver is considered to have an inhibitory effect on microbes and the pure silver can be isolated as
nanoparticles using nanotechnology. The silver nanoparticles when reduced by plant sources can yield
the green synthesis of silver nanoparticles. The present study was carried out to analyse the
phytochemical constituents and antimicrobial activity of silvernanoparticles containing Psidium guajava
leaves extract. The green synthesis of silver nanoparticles from aqueous silver nitrate was prepared by
treating them withPsidium guajava leaves extract which used as reductant. The synthesized silver
nanoparticles Psidium guajava leaves extract were screened for phytochemical studies which revealed the
presence of flavonoids, alkaloids, glycosides, steroids, phenols, saponins, terpenoid, cardiac glycosides
and tannins in the extracts. Antibacterial activities were further done by disc diffusion method against
Escherichia Coli, Salmonella typhi and Staphylococcus aureus. Inhibition zone on the plates indicate the anti-
bacterial activity of synthesised silver nanoparticles leaves extract of Psidium guajava.The results suggest
that the silver nanoparticles green synthesis from Psidium guajava leaves extractcan be potent natural
antioxidants and can be used in drug therapy for those bacterial infection.

Keywords: Anti-bacterial action, Disc diffusion, Guava, Phytochemicals and Silver nanoparticle
synthesis.
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INTRODUCTION

Use of nanotechnology in drug therapy and drug delivery is easier for the human body to metabolize, utilize in
natural mechanism and readily available for uptake by the diseased cells. Silver nanoparticles of biological synthesis
such as plant sources are non-toxic and eco-friendly (Aguilar et al., 2011). The use of plant compounds such as
phytochemicals are can be of interest in therapeutic and are used in traditional medicinal system in the treatment of
infectious disease. Previous studies on various plant compounds were conducted all around the world and hence
proved their potential activity against microbial pathogens (Nascimento et al., 2000). Analysis is based on the
extraction from plants by any of the methods which includes maceration, infusion, percolation, digestion, decoction,
Soxhlet extraction, aqueous-alcoholic extraction by fermentation, counter-current extraction, microwave-assisted
extraction, ultra sound extraction, supercritical fluid extraction, and phytonic extraction (Green et al., 2004). Amongst
all the variety of medicinal species studied, we can highlight Psidium guajava L. that are highly implicated in
therapeutic medicine against cancer, bacterial infections, inflammation and pain (Mahfuzul et al., 2007). Psidium
guajava L. (guava) belongs to Myrtaceae family is a shrub from Central and South American origin commonly
naturalized in tropical and subtropical parts of the world. Guava leaves are reported for anti-plasmodial, anti-
inflammatory, hepatoprotective, anticancer and antioxidant activity. Leaves of P.guajava has been previously
analysed to contain flavonoids, triterpenoids, tannins, carotenoids and other biologically active secondary
compounds which responsive for mentioned useful pharmacological activities (Flores et al., 2015). The present study
was to synthesize the silver nanoparticles of P.guajava leaves extract and assess them for phytochemical analysis and
anti-bacterial activities against Escherichia Coli, Salmonella typhi and Staphylococcus aureus.

MATERIALS AND METHODS

Preparation of plant extract

The leaf samples of guava were washed in tap water, dried, and placed into a blender to be grounded into powder.
For aqueous extract, 100 g of powdered leaves was taken in a beaker and suspended in 600 ml of water and mixed.
For the methanolic extract, 100 g of powder was added to 500 ml of methanol solvent and mix thoroughly. The
filtrates of both extracts were collected through Whatmann filter paper No. 4. This extract was used for preliminary
tests and anti-microbial activity. The extract was dried through vacuum rotary evaporator at 20 rpm in a temperature
below 40°C, under reduced pressure. The condensed form of extract was collected, transferred to an air-tight
container and stored in a freezer at —20°C till subsequent use (Kanojiya et al., 2015).

Synthesis of silver nanoparticles

For the synthesis of silver nanoparticles, 0.1M silver nitrate aqueous solution (90ml) was prepared and to this, 10ml
of methanolic Psidium guajava leaves extract was added. The mixture was vigorously stirred and kept at room
temperature. Reduction takes place and a change in colour from light yellow to yellowish brown appeared that
indicated the synthesis of nanoparticles (Kheybariet al.,2010).

Phytochemical analysis

Preliminary phytochemical analytical tests such as test for saponins, phenols, tannins, terpenoids and flavonoidsfor

screening the bioactive chemical compounds in the guava were carried out with the silver nanoparticles extract using
the standard procedure as described by Tanaka et al. (1992).
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Antibacterial activity

The bacterial cultures such as Escherichia coli, Salmonella typhi and Staphylococcus aureus were obtained. Each of the
bacterial strains was maintained by cultured on the nutrient agar plates. The colonies formed after overnight
incubation were selected and transferred to a glass tube of sterile physiological saline. Antimicrobial activity test was
done using the well-diffusion method (Reller et al., 2009) using the silver nanoparticles of P.guajava leaves extract.
Control for each strain was used. After 24 hours of incubation at 37°C, the plates were observed for inhibition zones
which were measured in millimetres using a ruler. Each experiment was checked for their reproducibility using
triplicates.

RESULTS AND DISCUSSION

Silver nanoparticle synthesis

The green synthesis of silver nanoparticles using Psidium guajava leaves extract was confirmed by change in colour as
shown in (Figure 1) which may be due to excitation of surface plasmon vibrations of silver nanoparticles.

Phytochemical analysis

The green synthesis of silver nanoparticles using Psidium guajava leaves extract have been analysed for their
phytochemical constituents. The test results confirm that the leaves extract contains secondary metabolites like
alkaloids, flavonoids, phenolic compounds, saponins and sugars. The results were qualitatively expressed by positive
sign and show the observed colour changes in various phytochemical tests as in Figure 2.

Anti-bacterial activity

The green synthesis of silver nanoparticles using Psidium guajava leaves extract showed strongest inhibition zone
(Figure 3) against three microbes such as Escherichia Coli, Salmonella typhi and Staphylococcusaureus by 12mm, 10mm
and 10mm respectively. The results are in line with the study observed by Cho etal. (2005) where anti-microbial
activity was observed against Staphylococcus aureus and Escherichia coli by silver and platinum nanopatrticles.
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Figure 1: Flasks containing the Psidium guajava leaves extract before (a) and after (b) incubation in an
aqueous solution of AgNO3 solution.

Figure 2: Phytochemical analysis of Psidium guajava leaves extract silver nanoparticles showing (a)
phenol, (b) Flaavonoids, (c) Sugar, (d) Alkaloids and (e) Saponins.
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Figure 3: Antibacterial activity of silver nanoparticles (Psidium guajava) leaves extract against (a)
Escherichia coli, (b)Salmonella typhi and (c) Staphylococcus aureus.
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ABSTRACT

The flow may be a laminar or turbulent in different types of flow fields. In the laminar flow, the fluid
flow is highly ordered and it is possible to identify streamlines along which fluid particles move. The
term transient designates a phenomenon which is time dependent. The transient measurement of
temperatures is usually performed by mounting sensors embedded inside the heated material surface.
The surface heat fluxes are then estimated from the measured temperature history through one-
dimensional analytical heat transfer modeling. Transient heat transfer can also be found by using
computational fluid dynamics by using following method finite integral transform technique, finite
element method, finite volume method finite difference method, backward and forward differencing
scheme. Conduction of heat in unsteady state refers to the transient conditions wherein the heat flow and
the temperature distribution at any point of the system vary continuously with timeMeasurement of
transient surface temperature and heat flux is the major requirement in many scientific and engineering
applications such as design of combustion chamber in internal combustion engines, design of
systems/sub-systems like heat exchanger, steam/gas turbines and thermal protection systems for high
speed Aerodynamic vehicles. Therefore the purpose of this work is to review the progress, challenges and
opportunities in transient heat transfer research as applied to laminar flow.

Keywords: Transient heat transfer, laminar flow, finite volume method, central differencing scheme,
boundary layer, velocity profile, temperature profile
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INTRODUCTION

Heat transfer is defined as energy-in-transit due to temperature difference. Heat transfer takes place whenever there
is a temperature gradient within a system or whenever two systems at different temperatures are brought into
thermal contact. Heat, which is energy-in-transit, cannot be measured or observed directly, but the effects produced
by it can be observed and measured. If the temperature of a body does not vary with time, it is said to be in a steady
state but if there is an abrupt change in its surface temperature, it attains an equilibrium temperature or a steady state
after some period. During this period the temperature varies with time and the body is said to be transient state. The
term transient designates a phenomenon which is time dependent. The steady state is thus the limit of transient
temperature distribution for large values of time. During an unsteady state the change in temperature may follow a
periodic or non-periodic variation. Non-periodic transient state, the temperature at any point within the system
varies non-linearly with time. While periodic transient state, temperatures undergo periodic changes which are either
regular or irregular but definitely cycle. Transient heat transfer can be calculated when the flat plate is subjected to
constant heat flux or constant wall temperature as shown in figure below.

Heat transfer coefficients and the free convection thermal boundary layer about a uniformly heated vertical plate is
calculated from Zehnder-Mach interferometer . Plate is immersed in water and the steady state boundary layer ,as
well as its transient development from an initial state at rest and with uniform temperature to steady state condition,
is investigated when a step function in the power input to the plate is applied .Results for the steady state runs agree
very well with the results of an analysis by Sparrow and Gregg. Two experiments are performed. In the first one, the
boundary layer characteristics and heat transfer are investigated for steady state condition. The second group dealt
with the transient development of the free convection boundary layer and result are excellent agreement with the
analysis of sparrow and Gregg and Siegel literature [1].An Analytical solution of transient heat transfer for unsteady
incompressible laminar flow between parallel plates is discussed. The solution is first obtained for the case where the
inside surfaces of the channel walls undergo a specified step in temperature, that is, the heat transfer resistance of the
wall is neglected. Results have been presented for transient heat transfer arising from simultaneous changes with
time of the channel wall temperature and fluid pumping pressure in the two-dimensional velocity distribution
[2].Forced, convection heat transfer is considered for laminar flow across a flat plate whose surface temperature
varies with time. The case analyzed first is that of a step change in surface temperature, and series solutions are
obtained which apply for both small and large time. These series results are used to construct an approximate
solution which describes the entire time-history of the unsteady heat-transfer process. The following general equation
are used in this paper.

0= &, (1)
T,-T.

Energy Equation

o0 00 00 0%0

—+tU—+V—=0——7 @)

ot ox oy oy’

The analytical result as described above has excellent agreement with the previous published literature [3]. The
general approach to the problem of heat transfer to laminar or turbulent flow in annular passages developed in this
paper will be applied and compared with experimental results. In general the superposition concept is found to be
supported by the data. The effects of asymmetry in the heat flux of wall temperatures are usually significant, while
the influence of axial variations on the local convection heat-transfer processes is less pronounced [4].
Hydrodynamically fully developed flow is discussed in this paper. This includes evaluation of the four fundamental
solutions in the thermal energy regions by solution of the eigenvalue problem, including development of asymptotic
expressions for the higher Eigen values. The analytical predictions are excellent agreement with experimental
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measurements data [5]. Analysis of the laminar flow heat transfer in an annulus with simultaneously developing
velocity and temperature distributions and constant wall heat flux is discussed. A solution is obtained first for the
hydrodynamic problem, and then for the combined hydrodynamic and thermal problem by an integral method.
Results are tabulated for several inner to outer tube radius ratios and Prandtl numbers. Experimental measurements
made for Prandtl number = 0.7 showed excellent agreement with the theoretical analysis. The general formula used in
this analysis is [6]
ou Vv ov
—+—+—=
ox r or
ou ou 1op o*u 1lau
U—+V—-= +——

—_— —_— U —_—
ox o pox or’ ror

0 ®3)

(4)

oT oT 0T 10T
U—+V—=0| —5+-—
OX or or ror

()

The present analysis and the subsequent numerical results have clearly demonstrated the usefulness of the extended
Leveque solution for computing heat-transfer rates or wall temperatures in the thermal entrance region with fully
developed laminar flow. With a maximum of six terms in the fundamental solutions this method takes over at the
point where the eigenvalue solutions become cumbersome due to the large number of terms required. The fact that
with this type of solution one cannot discriminate between different kinds of boundary conditions at the opposite
wall is of no consequence if the solutions are used only for X < 10?; up to this point the differences between solutions
of the first and the third kind and between solutions of the second and the fourth kind are quite negligible [7].

Unsteady laminar heat transfer in a duct with periodically varying inlet temperature and time- and space-dependent
wall temperature is determined. The wall temperature variation is dynamically determined by a balance of the heat-
transfer rate and the energy storage. The series expansion properties of the corresponding complex Eigen functions,
which are essential to the solution, are verified. Numerical results are obtained for the time and space dependence of
the wall and bulk temperatures and of the Nusselt number.. Wide range of operating conditions, the overall
performance can be described by a single curve. For comparison purposes, results for the overall performance are
also derived using the quasi-steady model. Quasi-steady results are evaluated for both spatially uniform and
spatially varying heat-transfer coefficients. The general equation used in this analysis is [8]

oT  oT o°T
pCp E'FU& :kW (6)

A new analytical method of finding solutions valid for all times is presented. Results for wall flux or wall
temperature transients are displayed graphically for Prandtl numbers ranging from 0.01 to 100. For Prandtl number
(0.72 to 100), the time required for the thermal layer to achieve steadiness varies inversely with the free stream
velocity and directly with 1/3 power of the Prandtl number.

The present analytical procedure provides a relatively simple and rapid means of calculating the instantaneous
surface heat flux and temperature characteristics, it does not lend itself conveniently to the determination of the
transient temperature field although, in principle, this can be done. The general equations are used in this case are as

follow [9].
ou ov
—+—=0 ©)
oxX oYy

11263

=]

o

el

%‘f


http://www.tnsroindia.org

Indian Journal Of Natural Sciences % www.tnsroindia.org. © IJONS

Vol.7 / Issue 37 / August 2016 International Bimonthly ISSN: 0976 — 0997

Ashif Perwez and Rakesh Kumar

oT  oT oT . o°T v(oeuY
U—+V—=K—+—| — (8)
ot oX oy oy® c,\oy

U—+V—=v—>r ©)

Incompressible, steady-state laminar flow heat transfer in the combined entrance region of a circular tube for a
constant wall heat flux and constant wall temperature is analyzed numerically. The development of velocity profile is
obtained from Sparrow’s entrance region solution. This velocity distribution is used in solving the energy equation
numerically to obtained temperature profiles.varition of heat transfer coefficient for these two different boundary
conditions for the early stages of boundary layer formation on the pipe wall is obtained .Local Nusselt numbers are
calculated and the results are compared with whose given by Ulrichson and Schmitz.. Nusselt number between
present analysis and analysis made by Ulrichson and Schmitz is mainly due to the use of different expressions for the
velocity development along the pipe. The general equation used in this paper is [10]
o°T oT
K—= pcuU— (10)

oy X

An analytical solution of transient laminar natural convection in a rectangular cavity containing either one fluid or
two immiscible liquids is discussed. The resultant differential equations were integrated numerically and computed
results are presented for the transient streamline patterns and for the isotherms, for a variety of conditions including
high, low and intermediate values of the Prandtl number. The computed results agree with experimental data, both
obtained in this study, and reported by other investigators [11].

Exact solution of transient heat or mass transfer in fully developed laminar tube flows is obtained. The solutions for
the impulse and step function response are considered separately for the boundary conditions for a constant wall
temperature or concentration and for an adiabatic wall. The solution permits calculation of the local temperatures or
concentrations as well as heat or mass fluxes. Typical results are presented for downstream conditions of local
temperature and Nusselt number .The general equation is used in this case are as follow [12]

C{g GT}_ o°T 1aT o°T

+uU— +I 11
ot OX o ror ox? -

An exact solution of the equation of transient forced convection for time varying inlet temperature with a general,
space dependent boundary condition of an incompressible laminar forced convection heat transfer with fully
developed flow between two parallel plates is obtained. The finite integral transform technique has been used as the
method of analysis. Analytical results for laminar and turbulent flow are presented. The results are confirmed
experimentally by the frequency response method [13]

o0 00 00

—tU_—=0— (12).

ot OX oy

An exact analytical solution is obtained for the transient surface heat flux and temperature distribution in the fluid,
moving over a plate which is cooled from below, caused by a step change in the fluid temperatureat the plate leading
edge. The result has been generalized to handle arbitrary fluid temperature variation with time.The solution
indicates, for the step change in fluid temperature at x = 0 and t = 0, the lack of the infinite and very large flux
associated with step changes in the wall temperature [14]
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Unsteady compressible laminar boundary layer flow on an arbitrary cylinder due to an incident stream whose
velocity varies arbitrarily with time is considered. The method presented is based on the separation between the
convective and diffusive quantities. By defining some new variables, the splitting appears rather naturally, and the
initialization problem can be solved without difficulty. The transformed equations are solved with the help of a semi-
implicit finite difference scheme which is unconditionally linearly stable. The computations have been applied to
flows past a cylinder with constant and fluctuating free-stream velocities [15].Transient thermal response of a power-
law type non-Newtonian, laminar boundary layer flow over a wedge is investigated. Consideration is given to the
case of a step change in surface temperature. Details of the transient heat flux and the temperature field are obtained
and have been presented graphically. The range of Prandtl numbers investigated is from 5 to 1000 while the viscosity
index was allowed to vary from 0.1 to 5.0 [16].The unsteady heat transfer from a solid spherical particle in the Stokes
flow is investigated by the finite difference method in the case of intermediate Peclet numbers and high thermal
conductivity of the sphere. It is found that when the parameter (pc)a1, is varied in the range 0.2-22, the relaxation time
of the thermal field in the vicinity of the sphere’s surface, and the characteristic time of cooling (heating) of the
particle are of the same order of magnitude. Under these conditions, the asymptotic regime of heat transfer (at T—)
may be considerably different from the steady-state heat transfer. The asymptotic Nusselt number is significantly
lower than its corresponding steady-state value. In some cases, the local Nusselt numbers at the rear part of the
sphere become negative and an ‘attached thermal wake’ appears behind the sphere. The asymptotic Nusselt number
may be satisfactorily estimated by the use of a simple ‘film’ model [17].

Transient natural convection heat transfer problem between two horizontal isothermal cylinders is formed within the
Boussinesq approximation and solved numerically through the vorticity-stream function approach. Discretizing of
vorticity and energy equations is done by alternating direction implicit (ADI) method and the stream function
equation by the successive over relaxation (SOR) method. In this case the transient time from the transient state to the
steady state is found to be very small in comparison with a typical operation time. Numerical results are summarized
by three Nusselt number vs Grashof number curves with the diameter ratio as a parameter, which serve as a guide to
natural convective heat transfer calculations for an annulus [18].Unsteady heat transfer in laminar flow of a non-
Newtonian fluid flowing over a flat plate is investigated .Effect of Prandtl number and the viscosity index on the
transient is also studied. The steady state temperature profile obtained from the model agrees with the published
results. The following equation is used in this paper [19].

ov
(avx}r —~ =0 (14)
OX oy

TR
O, 0T )+ Vy(a%y) = (%Cp ](a T 8y2j (16

Method for solving transient problems of a laminar channel or tube flow is presented and the results are given for a
step change of inlet fluid temperature for the cases where wall and fluid temperatures are constant initially. This
paper is an extension of the method of Sucec for a channel flow and results are compared with those of Sucec.
Calculated results are given in the case of a tube flow and these are compared with measured results [20].Effects of
conduction heat transfer in the pipe wall on the unsteady forced convective heat transfer in the flow in a long circular
pipe resulting from a step change in uniform wall heat tlux over a finite length of the pipe. Substantial influences are
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observed for the variations of Peclet number, radius ratio, conductivity ratio, and diffusivity ratio on the transient

heat transfer characteristics. In particular, the wall-to-fluid heat capacity ratio is found to have a decisive impact on
the unsteady heat transfer in the flow [21].
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Unsteady entrance heat transfer in the combined entrance heat transfer region of laminar pipe flows resulting from
time-varying inlet temperature are numerically investigated .Three non-dimensional parameters,Nuo a*and f are
identified in the study.Also,their effects on the non-dimensional duct wall heat flux are discussed in great
detail. Comparisions are made with the zero thermal capacity wall solution [22]. The problem of unsteady laminar
flow and heat transfer in an incompressible micro polar fluid past an infinite porous flat plate is investigated
numerically .The flat plate is subjected initially to constant suction velocity followed by a step function of time t >
0.An explicit finite difference scheme has been used to solve the governing equation of motion and energy .The
velocity ,micro rotation and temperature distribution have been displayed through graphs for various values micro
polar parameters R at different time levels [23].Unsteady free convection from the outer surface of a vertical circular
cylinder is analyised numerically. The ordinary differential equation are solved numerically using a fourth order
Runge-Kutta scheme and the gradient method .Numerical results are obtained for the study of boundary layer
characteristics. The general analysis developed in this study corresponds to the case of surface temperature that
varies exponentially with time and uniform with respect to the axial coordinate.

The effect of Prandtl number on the boundary layer characteristics and the maximum value of the vertical component
of the velocity are studies [24].The axial distribution of the air-side heat and mass transfer coefficients occurring in
regenerative dehumidifiers is evaluated from experimental breakthrough curves obtained from single-blow
experiments. It is shown that the heat and mass transfer coefficients vary little with position in the flow direction for
the slowly moving mass transfer wave. This result validates the assumption of constant transfer coefficients in the
modelling of rotary dehumidifiers. The technique which is used to compute the distributions was introduced by
Ghezelayagh and Gidaspow for isothermal mass transfer. This study extends the use of this technique to
simultaneous heat and mass transfer occurring in desiccant regenerators. It is shown that this technique can provide
a powerful procedure for analyzing experimental breakthrough curves.

The variation of the transfer coefficients due to axially varying wall fluxes can also be examined by Graber’s analysis.
His correlation shows that the variation of the local Nusselt number is proportional with the first derivative of the
logarithm of the wall heat flux with respect to position in the flow direction [25].Theoretical study of laminar forced
convection in the thermal entrance region of a rectangularduct, subjected to a sinusoidally varying inlet temperature,
is presented. Several boundary conditions that account for uniform wall heat flux and/or external convections with or
without wall thermal capacitance effects are considered. Analytical expressions for these problems are obtained
through extending thegeneralized integral transform technique. The centerline temperature amplitudes are
determined as a function of Biot number, fluid-to-wall thermal capacitance ratio and dimensionless inlet frequency of
inlet heat input oscillations. The effects of these variables on the solution are discussed. The eigen values and
corresponding coefficients are given in tabular forms [26].The following general equation are used in this paper
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Approximate analytical method based on a linearization of the energy equation is developed for the area mean
Nusselt number for free convection heat transfer from isothermal spheres for the range of Rayleigh number 0 < Ra <
108 and all Prandtl numbers. In the process of linearization, the energy equation is reduced to the form of the transient
heat conduction equation for which the solution exists. Comparison of the final correlation of Nu against Ra (which is
an explicit form of linear superposition of the diffusive limit and boundary layer solution) with other correlation and
experimental air data reveals very good agreement with a maximum difference of less than 5% [27].Unsteady non-
similar forced convection flow over a longitudinal cylinder, which is moving in the same or in the opposite direction
to the free stream, has been investigated. The unsteadinessis due to the free stream velocity, cylinder velocity, surface
temperature of the cylinder and the mass transfer, and non-similarity is due to the transverse curvature. The partial
differential equations, governing the flow, have been solved numerically, using an implicit finite-difference scheme
in combination with a quasi-linearization technique. The results show that both, skin friction and heat transfer, are
appreciably affected by the free stream velocity distributions and by the cylinder velocity. Also, skin friction as well
as heat-transfer is found to increase as the transverse curvature or the suction increases, but the effect of injection is
just the opposite, The heat transfer is significantly affected by the viscous dissipation and variation of surface
temperature with time [28].

(ru), +(rv), =0 20)
ut+uux+vur=(\%Xru,)r+(ue)r (21)

T1+UTX +VT, = Prfl(%XrTr )r +(u/pCPXu")2 (22)

Numerical solution for the transient natural convection over heat generating vertical cylinders of various thermal
capacities and radii is presented. A fully implicit finite difference technique is used to solve the non-linear set of
equations. The rate of propagation of the leading edge effect is given special consideration. It is found that this rate,
predicted by the one-dimensional conduction solution, is slower than that resulting from the boundary layer
solution. Also, it increases as the radius and thermal capacity of the cylinder decrease, and as the surface heat flux
increases. The transient boundary layer thickness is found to exceed its steady-state value while the transient average
heat transfer coefficient is found to reach a minimum, as low as 53% of its steady-state value for the highest value of
the modified Grashof number studied. Excellent agreement with previous experimental steady-state data as well as
with one-dimensional theoretical results is obtained [29].The transient heat transfer in forced convection for
simultaneously developing laminar flowinside a parallel-plate channel is studied by solving the steady momentum
equation with the generalized integral transform technigue and the transient energy equation through a hybrid
approach that combines the integral transform method with a second-order accurate finite-differences scheme. Semi-
analyticalresults are then presented for the fluid bulk temperature and local Nusselt number along the channel as a
function of position and time [30].An inverse problem utilizing the conjugate gradient method of minimization with
adjoint problems used to estimate the timewise variation of the inlet temperature of a thermally developing
hydrodynamically developed laminar flow between parallel plates by utilizing transient temperature measurements
from a single thermocouple located downstream of the entrance. The effects of functional form of inlet temperature,
sensor position magnitude of measurement error and data sampling rate on the accuracy of estimates are examined.
The inverse analysis considered here could predict the time wise variation of inlet temperature even under such strict
conditions The estimates are notably more accurate when the thermocouple is placed near the entrance [31].

Steady-state natural convection over a sphere has been studied numerically. Heat transfer and drag coefficient for a
wide range of Grashof number (10*< Gr < 108) and prandtl numbers 0.72 and 7.0 have been obtained. A plume with a
mushroom-shaped front forms above the sphere whose length and thickness decrease with increasing Gr.At high Gr
(Gr 2 107 and Pr=0.72),flow separation and an associated recirculation vortex exist in the wake of the sphere. The
vortex size increases with Gr.The local Nusselt number along the sphere surface first decreases, reaches a minimum,
and then increases steeply at the rear of the sphere [32].
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Numerical study for the periodically fully-developed flow in two-dimensional channels with streamwise-periodic
round disturbances on its two walls is obtained. To accurately describe the round disturbance boundary condition, a
body fitted grid was used. The flow and heat transfer have been studied in the range of Reynolds number and
Prandtl number Pr=0.71. The influences of disturbance parameters and Reynolds number on heat transfer and friction
have been investigated in detail. Some of the solutions have been examined using both steady and unsteady finite
difference schemes; and the same results have been obtained. The results show that different flow patterns can occur
with different deployments of the disturbances. With appropriate configuration of the disturbances, the Nusselt
number can reach a value four times greater than in a smooth channel at the same condition, with the penalty of a
much greater pressure drop [33].Heat transfer characteristics and the flow behavior of cross flow over a transversely
oscillating cylinder are investigated. The lock-on phenomenon has been predicted numerically and its influence on
the heat transfer performance of the cylinder is evaluated. The SOLA method is employed to solve the unsteady
velocity field in a non-inertial reference frame and the energy equation is solved by a finite volume method.
Transient variations of the Nusselt number and the drag and lift coefficients are calculated for various oscillation
calculations. The range of the dominant parameters considered in this study are 0 < Re < 300, 0 < S £ 0.3 and
0<A/D<0.7.The prandtl number is considered to be 0.71 or 7.0.In the lock-on regime, an appreciable heat transfer
increase caused by the oscillation is observed ;however ,outside this regime, the heat transfer is almost unaffected by
the oscillation. A correlation formula expressing the dependence of heat transfer on these dominant parameters in
this lock-on regime is presented.

The numerical predictions have been compared with the existing information, and good agreement has been found
[34]. Numerical investigation of the two-dimensional laminar flow of air around a heated circular cylinder has been
carried out. A very efficient finite volume code employing multi-grid and local grid refinement techniques led to
highly accurate results for the drag coefficient and Strouhal and Nusselt numbers. In the Reynolds number range 10
— 200 the characteristics of the different flow regimes are described. The behavior of the relevant parameters Co, St
and Nu with the Re is investigated in detail first for the case of a small temperature loading (t=1.003), when the fluid
properties may be treated as constant. Good agreement is found in comparison with available analytical solutions
and also with experimental data in the range of their validity. The critical Reynolds number where vortex shedding
starts is determined to be Rec= 45.9. The temperature loading is varied between 1.003 and 1.5 and the resultant effect
on the Cp, St and Nu is analyzed [35]. Unsteady laminar flow and heat transfer of a particulate suspension in an
electrically conducting fluid through channels and circular pipes in the presence of a uniform transverse magnetic
field is formulated using a two-phase continuum model. Two different applied pressure gradient (oscillating and
ramp) cases are considered. The general governing equations of motions (which include such effects as particulate
phase stresses, magnetic force, and finite particle-phase volume fraction) are non-dimensional zed and solved in
closed form in terms of Fourier cosine and Bessel functions and the energy equations for both phases are solved
numerically. Numerical solutions based on the finite difference methodology are obtained and graphical results for
the fluid-phase volumetric flow rate, the particle-phase volumetric flow rate, the fluid-phase skin-friction coefficient
and the particle-phase skin-friction coefficient as well as the wall heat transfer for plane and axisymmetric flows are
presented and discussed [36]
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are the viscosity ratio, momentum inverse Stroke number, the Hartmann number, the Prandtl number, the specific
heat ratio, the Eckert number, and the temperature inverse Stokes number.Transient forced convection heat transfer
from a fixed, semi-infinite, flat plate situated in a fluid which, at large distances, is, moving with a constant velocity
parallel to the plate. Both the fluid and the plate are initially at a constant temperature and the transients are initiated
when the zero heat flux at the plate is suddenly changed to a constant value. The thermal boundary-layer equations
are solved using numerical techniques to extend a series which is valid for small times and describe fully the
development from the initial unsteady state solution (small times) to the ultimate steady state solution (large time)
[37].Transient heat transfer in a steady and two-dimensional (2D) laminar boundary layer flow on a wedge with
sudden change of thermal boundary conditions of uniform wall temperature (UWT) and heat flux (UHF) is
discussed. Additionally, a correlation of unsteady forced convection was also formulated through an exact solution
of transient heat conduction (£=0) and the similarity solutions of a steady forced convection on a wedge (&= 1) in this
study. Particularly, for the wedge with -0.198838 < & <1, the deviation of the wall temperatures estimated by
correlation is less than 7.5% within full time of 0 < £ <1 comparing with numerical results in the case of UHF ranging
from Pr= 10 to10* [38].Pulsation effect on heat transfer in laminar incompressible flow, which led to contradictory
results in previous studies, is theoretically investigated in this work starting from basic principles in an attempt to
eliminate existing confusion at various levels. First, the analytical solution of the fully developed thermal and
hydraulic profiles under constant wall heat flux is obtained. It eliminates the confusion resulting from a previously
published erroneous solution.

The physical implications of the solution are discussed. Also, a new time average heat transfer coefficient for
pulsating flow is carefully defined such as to produce results that are both useful from the engineering point of view,
and compliant with the energy balance. This rationally derived average is compared with intuitive averages used in
the literature. New results are numerically obtained for the thermally developing region with a fully developed
velocity profile. Different types of thermal boundary conditions are considered, including the effect of wall thermal
inertia. The effects of Reynold and Prandtl numbers, as well as pulsation amplitude and frequency on heat transfer
are investigated. The mechanism by which pulsation affects the developing region, by creating damped oscillations
along the tube length of the time average Nusselt number, is explained [39]. Numerical simulation is performed to
study the flow structures and heat transfer characteristics of a heated transversely oscillating cylinder in a cross flow.
The variations of flow and thermal fields are classified into a class of moving boundary problems. The moving
interfaces between the fluid and cylinder have been considered. An arbitrary Lagrangian-Eulerian kinematic
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description method is adopted to describe the flow and thermal fields. A penalty consistent finite element
formulation is applied to solve the governing equations. The subsequent developments of the vortex shedding and
heat transfer characteristics around the heated cylinder are presented in detail. The effects of Reynolds number,
oscillating amplitude, oscillating speed on the flow structures and heat transfer characteristics are examined. The
results show that the interaction between the oscillating cylinder and vortex shedding from the cylinder dominates
the state of the wake. The flow and thermal fields may approach a periodic state in lock-in regime. The heat transfer
of the cylinder in the lock-in regime is enhanced remarkably [40].

Numerical study of the transient forced laminar convection flow over a flat plate, when thermal conditions are due to
arbitrary wall heat flux variations in space. The energy governing equation is modelled using the Karman-
Pohlhausen integral approach in the wide range of Prandtl numbers. The influence of both the thermal problem
nature (transient heating and/or cooling processes) and the wallflux function on the resulting mathematical
expressions is evidenced and the thermal boundary layer thickness behavior is discussed. Detailed thermal responses
and convective heat coefficient evolutions due to the change of wall conditions are presented. Finally, a simple
relationship has been proposed to obtain a first evaluation of the transient duration suitable whatever the thermal
problem nature, namely heating or cooling one [41].

Unsteady laminar flow and heat transfer in a sharp 180° bend is studied numerically to investigate a convective heat
transfer regime of special relevance to electronic systems. Unsteady heat transfer simulations are performed for 50 <
Re < 1000. Results show that the flow remains steady until Re = 600. In this steady regime, the re-attachment length
increases gradually with the Reynolds number. For Re > 600, the flow becomes unsteady with large-scale vortices
emanating from the sharp edge dominating the flow field. Flow oscillation causes a substantial reduction in the re-
attachment length and a dramatic heat transfer enhancement. As the vortices move downstream, the Nusselt number
along the wall oscillates significantly. The correlation between the flow structure and the heat transfer is found to be
strong [42].

The finite difference method was applied for the numerical simulation of unsteady laminar flow and forced
convection from a fixed cylinder placed in a uniform flow. Primitive variable formulation is used for the fluid flow,
and the fluid is assumed to be incompressible and of constant property. The viscous energy dissipation term is
neglected in the energy equation since its value is small at low Reynolds numbers. By using boundary-fitted
coordinates, interpolation of the boundary conditions becomes unnecessary. An orthogonal transformation provides
a fine grid scale in the vicinity of the cylinder and a coarse grid in the far field. Time derivatives are approximated by
forward differences, space derivatives by fourth order central differences, except for convective terms which were
approximated by a third order modified upwind scheme. The code developed is applied to the investigation of both
flow around a circular cylinder and forced convection from the cylinder. The non-dimensional vortex shedding
frequency (Strouhal number), time-mean values of drag and of base pressure coefficients, further the root-mean-
square values of lift, drag, base pressure, and Nusselt number are determined for Reynolds numbers from 50 to 180.
Where possible, results are compared with experimental data and excellent agreement was obtained. The distribution
of the local Nusselt number over the cylinder surface was also investigated over a complete cycle. It was found that
the curves belonging to different phases are similar in shape and magnitude, but shift slightly over the whole
periphery of the cylinder, and the shift is largest on the downstream side of the cylinder. This shift increases with
increasing Reynolds number.

The good agreement found between experimental and computational values encourages the author to extend the
investigation in the future to the cases of forced convection from an oscillating cylinder, and to the three-dimensional
case [43].Transient laminar heat transfer of a rotating disk heated to a constant initial temperature and sudden
subjection to unsteady cooling by still air. Both numerical simulations of conjugate heat transfer inside the disk and
convection between the disk and air, as well as a self-similar solution show that the heat transfer coefficient becomes
time independent very quickly and equal to its value at steady-state conditions. It appeared that the widely
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employed solution of unsteady one-dimensional heat conduction in a semi-infinite plate over estimates significantly
the disk temperature and consequently the heat transfer coefficient calculated from this solution using known
experimental instant disk surface temperature [44].The transient natural convection has been analyzed for the
temperature dependent viscosity of fluids in spherical annulus and between two vertically eccentric spheres. Using
the modified Sorenson’s method to generate the grid line can get the grid system with orthogonality along all
boundaries. The grid system goes along with weighting function scheme to discretize the general governing
equation. Numerical solutions are obtained for Rayleigh numbers (5.0 x 103-6.5x10%) at a radius ratio of 2.0 with the
dimensionless vertical eccentricity of the outer sphere for variable viscosity fluids at different Prandtl numbers (158,
405 and 720). The results of this analysis show that heat and flow patterns vary with the Rayleigh number and the
eccentricity; besides, the effect of variable viscosity is investigated. The present calculations applied to constant
viscosity are compared with the results of other papers, and these comparison results are agreeable [45].

Conjugate heat transfer by forced convection through an externally heated pipe has many important engineering
applications. In the present work, the radial and axial heat conductions and thermal stresses in a pipe with uniform
or non-uniform wall heat flux of fully developed laminar forced convective conjugate heat transfer are considered for
analysis. The analysis is based on the two-dimensional steady-state heat conduction equation and laminar boundary
layer equation for the flowing fluid by using a finite difference scheme. Water has been used as a fluid. Numerical
calculations have been performed by using the FLUENT 4.5. The temperature and stress ratio distributions inside the
pipe wall, heated from the outer surface by applying uniform and non-uniform heat fluxes, are presented for two
different mean flow velocities. The temperature distributions of the flowing fluid inside the pipe have also been
presented for all investigated cases [46]. Two-dimensional Naiver -Stokes and energy equations are solved
numerically for unsteady laminar flow in periodic wavy (sinusoidal and triangular) channels. The flow in the
channels has been observed to be steady up to a critical Reynolds number. Beyond the critical Reynolds number the
flow becomes self-sustained quasi periodic oscillatory. This transition of flow occursat lower Reynolds number for
triangular channel relative to sinusoidal channel. The frequencies of oscillations, the friction factors and Nusselt
numbers are reported [47].

The steady and incompressible flow of power-law type non-Newtonian fluids across an unconfined, heated circular
cylinder is investigated numerically to determine the dependence of the individual drag components and of the heat
transfer characteristics on power-law index (0.5 < n < 1.4), Prandtl number (1 £ Pr <100), and Reynolds number (5 <
Re < 40). The momentum and energy equations are expressed in the stream function/vorticity formulation and are
solved using a second-order accurate finite difference method to determine the pressure drag and frictional drag as
well as the local and surface-averaged Nusselt numbers and to map the temperature field near the cylinder. The
accuracy of the numerical procedure is established using previously available numerical and analytical results for
momentum and heat transfer in Newtonian and power-law fluids. The results reported herein provide fundamental
knowledge of the flow and heat transfer behavior for the flow of non-Newtonian fluids over a circular cylinder; these
results further show that the effect of the power-law index on such behavior is strongly conditioned by the kinematic
conditions and less so by the type of thermal boundary condition prescribed atthe cylinder surface [48].

The effect of Peclet number (0.7 < Pe < 4000) and blockage ratio (p = 1/8, 1/6 and 1/4) on the flow and heat transfer
characteristics of a square cylinder confined in a planar channel has been investigated in the Reynolds number range
1< Re< 45 in the 2D steady flow regime. The effect of the type of thermal boundary condition at the cylinder surface,
i.e., constant cylinder temperature and constant heat flux, on the rate of heat transfer has also been studied. The use
of the constant heat flux boundary condition yields slightly higher values of the Nusselt number than those for the
constant temperature case under otherwise identical conditions of (3, Re and Pr. The difference in the computed
values of the average Nusselt number for the two types of thermal boundary conditions increases as the Prandtl
number is increased for fixed values of the Reynolds number for all blockage ratios. Also, this difference increases
with the increasing Reynolds number for fixed value of Prandtl number for all blockage ratios. The local Nusselt
number variation on each face of the cylinder has been determined. Further insights into the role of blockage ratio,

EME 11271

e


http://www.tnsroindia.org

Indian Journal Of Natural Sciences %6 www.tnsroindia.org. © IJONS

Vol.7 / Issue 37 / August 2016 International Bimonthly ISSN: 0976 — 0997

Ashif Perwez and Rakesh Kumar

Reynolds and Prandtl number on the detailed flow and temperature fields have been provided by including
streamline, vorticity and constant temperature contour plots. The average Nusselt number increases monotonically
with an increase in the Reynolds number and/or Prandtl number. Finally, heat transfer correlations have been
obtained for the constant temperature and constant heat flux cases on the solid square cylinder in crossflow over the
range of physical parameters considered in this study [49].Convective heat transfer from a rectangular cylinder
placed in the middle of a channel was investigated numerically. The unsteady laminar flow equations were
discretised using finite volume method for the range of Reynolds numbers between 50 and 200. Computations were
performed for cylinder aspect ratios of 0.5, 1 and 2. Results of flow and thermal fields areobtained for both the
instantaneous and mean flow. Nusselt number distribution along each side of the cylinder showed that front side has
maximum heat transfer rate compared with other sides. Results of mean total Nusselt number variation with
Reynolds number for different aspect ratios showed that increasing aspect ratio decreases total Nusselt number for
the Reynolds numbers considered in this study. Heat transfer from a rectangular cylinder in unsteady laminar flow
showed that increasing aspect ratio in the range of 0.25 to 4 decreases mean total Nusselt number, while increasing
Reynolds number in the range of 100 to 200 increases Nusselt number [50].

The effects of Reynolds number (Re), Prandtl number (Pr), and power law index (n) on the heat-transfer
characteristics of an unconfined sphere submerged in an isothermal and incompressible power law fluid, for different
thermal boundary conditions (isothermal and isoflux) on the sphere surface, are investigated numerically for the 2-D
axisymmetric and steady flow by using a finite volume method over the ranges of conditions as 5 <Re <200, 1 <
Pr<400 (the maximum value of the Peclet number is 2000), and 0.5 < n <2. Based on the numerical results obtained
herein, simple heat-transfer correlations are developed for the constant-temperature and the constant heat-flux
boundaryconditions to estimate the value of the Nusselt (Nu) number in a new application. Furthermore, the
variation of the local Nu over the surface of the sphere has been studied to delineate the effects of Re, Pr, and n on
heat transfer from a sphere, thereby showing the extent of heat transfer from the front and the rear parts of the sphere
[51].An inverse thermal problem is considered for two-phase laminar flow in a parallel plate duct. The inlet
temperature, which varies temporally as well as spatially, is estimated when measured temperatures are available at
downstream of the duct. In the present study, the problem is solved through a minimization of an objective function
by using two regularization methods, i.e., the iterative conjugategradient method (CGM) and the Tikhonov
regularization method (TRM). The effects of the functional form of inlet temperature profile, the number of the
measurement points and the measurement errors are investigated and discussed. The computational accuracy and
efficiency of these two regularization method are compared and discussed [52]

.In the present study, the effects of Prandtl number(0.7 <Pr < 400) and of the two commonly used thermal boundary
conditions on the forced convection heat transfer from an unconfined sphere have been investigated in the Reynolds
number range of 5<Re< 200 in the steady symmetric regime. For Re > 20, the local Nusselt number on the sphere
surface decreases from its maximum at the front stagnation point up to the point of separation and then again
increases from the point of separation to the rearstagnation point. The average Nusselt number increases
monotonically with Reynolds number and/or Prandtl number and it are always higher for the UHF boundary
condition than that for the CWT condition. While the present results for the CWT condition are in good agreement
with the previous results, no prior results are available for the UHF condition. Finally, Eqgs.(14) and (15)capture well
the dependence of Nusselt number on the Reynolds and Peclet numbers. In addition, the dependence of the mean
Nusselt number on the Reynolds and Prandtl numbers has been linked to the distribution of the local Nusselt
number on the surface of the sphere [53].An investigation of 2D heat conduction effects on the transient heat transfer
of a rotating disk heated up to a non-uniform initial temperature and suddenly subjected to unsteady cooling by still
air. A self-similar solution of the transient laminar convective heat transfer confirmed that the heat transfer coefficient
rapidly becomes time-independent and equal to its value at steady-state conditions. An analytical solution of the
unsteady two-dimensional heat conduction inside a disk made of Plexiglas confirmed that the known infinite-slab
approach can still be used as a transient technique for determining heat transfer coefficients. Use of the regular heat
transfer regime theory for the same purpose can be recommended only for the cases with the moderate initial
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temperature non-uniformity [54]. Flow in a laminar boundary layer is modeled using a slip boundary condition. The
slip condition changes the boundary layer structure from a self-similar profile to a two-dimensional structure.
Although the slip condition generally leads to decreased overall drag, two-dimensional effects cause local increases
in skin friction. Other effects include thinner boundary layers, delayed transition to turbulence, and changes in the
heat transfer at the wall. Without a thermal jump condition, slip will lead to increased heat transfer. When a thermal
jump boundary condition is added to simulate real gases, the heat transfer decreases to below the no-slip values .The
equations for a laminar boundary layer can be solved non-dimensionally in the presence of slip. The boundary layer
loses the self-similarity of the no-slip Blasius solution. The loss of self-similarity leads to an increase in skin friction
under some conditions. Other effects of slip included a thinner boundary layer and a more stable velocity profile. The
heat transfer in the boundary layer is also affected by the presence of slip. In liquid flows, where there is no
temperature jump, the heat transfer increases as the slip velocity increases. In gas flows, a temperature jump
condition is added and shown to scale with the velocity slip. The presence of the thermal jump condition decreases
the heat transfer in the system. For slightly rarefied flows, increased fluid velocity near the wall more than offsets
effects of the temperature jump, and the heat transfer will still be greater than for the no-slip case. For more rarefied
flows, the heat transfer will decrease to values less than those of the no-slip case. These results can be applied to
analyze a variety of systems, including potential micro device designs and flight in low-density Atmospheres [55].

The full Naiver Stokes equations and the energy equation for laminar natural convection heat transfer over an
isothermal sphere have been discretized using the finite control volume formulation and solved by employing the
SIMPLEC method. Transient and ‘“steady-state’” results have been obtained for a wide range of high Grashof
numbers (105<Gr<10°) and a wide range of Prandtl numbers (Pr = 0.02, 0.7, 7 and 100).A plume with a mushroom-
shaped cap forms above the sphere and drifts upward continuously with time. The upward movement of the plume
cap is slowed as the Prandtl number increases. The size and the level of temperature of the transient cap and plume
stem decrease with increasing Gr and Pr. The time at which the “steady-state” is reached, increases with the Prandtl
number. The presence of a vortex in the wake of the sphere has been predicted and has been clearly delineated as a
function of both Grashof and Prandtl numbers. The overall Nusselt numbers and total drag coefficients for the range
of Grashof and Prandtl numbers investigated are presented and they are in very good agreement with studies
available in the literature [56].

A coupled solver for the solution of the transient conjugate heat transfer problem is developed and validated against
analytical results. The time accurate solution is obtained in a multi physics and multi domain configuration through
an iterative boundary condition exchange. Several transient problems are investigated transient heat transfer in
composite solids; the effect of oscillating inlet temperature in laminar forced convection and the transient heat
transfer problem in developing and fully developed laminar pipe flow. The results confirm the accuracy of the new
solution method in time and its suitability for the coupling of different specific numerical solver in a multi physics
environment. For the solution of thermal coupled problem, the boundary coupling presented is an effective
alternative to the solution of a fully coupled monolithic system. The advantages reside in the possibility of utilizing
existing dedicated solvers for the coupled solution of specific interacting thermo-physical problems. The validating
cases showed demonstrate a high accuracy in time of the method in simple test cases that are representative of
Industrial configurations [57].An analytical and experimental method to find the transient temperature distribution
in a flat plate subjected to a convective heat transfer on a face and to a heat flux on the other face. The heating flux is
maintained during a t: time. The heating phase is followed by a relaxation one. The theoretical method is uses the
Green’s functions method to determine the analytical solutions of the heat propagation equation in the plate during
the heating and relaxation phases. These analytical solutions find the temperature distribution as well as wall heat
flux versus time. Results are presented in this article as evolutions of dimensionless temperatures with the Biot and
Fourier numbers. These models as well as the theoretical method can be useful to evaluate influence of parameters
such as the conductivity or the diffusivity of a plate, during the identification of the boundary conditions like the heat
flux or the convection coefficient, in industrial processes confronted with this kind of systems or else to teach
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transient conduction using an innovative approach, not much used in thermal science and based on the use of the
Green’s function. The basic equation and boundary condition are [58].

With H=— and assumed to be independent from both x and t

The following equation are obtained in this article

0 2 i2
. : u: +Bi®  cosp
0 (0,F,)= 1—ZB|E S - f
0F,) "M, +BIP+Bi g

2
e_Hn Fo (30)

u’+Bi®  cosy, .
u>+Bi*+Bi !

. | [F 1
0°(0,F. ~ 0)= 2Bi{ 2.[-2eM*F _erfg| (32)
( 0 ) b 2\/F_0

Forced convection heat transfer across a circular cylinder rotating with a constant non-dimensional rotation rate (a)
varying from 0 to 6 are investigated for Reynolds numbers of 20-160 and a Prandtl number of 0.7. Flow transitions
are reported here for a wider range of Reynolds number and rotation rates. Heat transfer visualization technique
using heat lines is implemented here, probably for the first time, in finite volume framework for the unsteady heat
transfer problem in complex domain and used for heat flow analysis. Rotation can be used as a drag reduction and
heat transfer suppression technique [59]The aim of this work is to model the unsteady thermal boundary layer
developing along a finite thickness plate under a ramp type variation of temperature on the bottom plate surface. The
hydrodynamic boundary layer was considered laminar and at steady state. To model the transient heat transfer, two
mathematical approaches were used: the integral method based on Karman-Polhausen methodology and the full
Naiver-Stokes system of equations, numerically solved with the commercial solver FLUENT. As a case study, a
laminar water flow over a steel plate was considered, but the models remain valid for all combinations of
incompressible fluids with Pr> 0.7 and solid materials. The results were expressed in terms of a deviation factor,
defined as the ratio between the instantaneous heat flux associated with a finite thickness plate and the instantaneous
heat flux associated with a zero thickness plate, both computed at the same space coordinate. Both methods were
validated for steady state regime and zero plate thickness, by comparison with solutions commonly reported in the
literature. The numerical results revealed that the two methods agree within 5% for the steady state and 2.6% for
transient conditions [60].

0"(0,F,— )= {1-2Bi o 31)

Non-Fourier hyperbolic heat conduction analysis for heterogeneous hollow cylinders and spheres made of
functionally graded material (FGM). All the material properties vary exponentially across the thickness, except for
the thermal relaxation parameter which is taken to be constant. The cylinder and sphere are considered to be
cylindrically and spherically symmetric, respectively, leading to one-dimensional heat conduction problems. The
problems are solved analytically in the Laplace domain, and the results obtained are transformed to the real-time
space using the modified Durbin’s numerical inversion method. The transient responses of temperature and heat flux
are investigated for different inhomogeneity parameters and relative temperature change values. Thecomparisons of
temperature distribution and heat flux between various time and material properties are presented in the form of
graphs [61].The effects of periodically moving heat source on a circular steel pipe heated partlyfrom its outer surface
under stagnant ambient conditions. While the pipe is heated with this heat source applied on a certain section having
a thickness of heat flux, the water flows through it to transfer heat. It is assumed that the flow is a fully-developed
laminar flow. The heat source moves along from one end ofthe outer to the other end with a constant speed and then
returns to the first end with the same speed. It is assumed that the heat transfer rate has a constant value, and that the
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thermo-physical properties of the steel do not change with temperature (elastic analysis). The numerical calculations
have been performedindividually for a wide range of thermal conductivity of steel and for different thicknesses of
heat flux. The moving heat source produces the non-uniform temperature gradient and the non-uniform effective
thermal stress, and when it arrives at the ends of the pipe, the temperature and effective thermal stress ratio profiles
rise more excessively. The tangential component is more dominant in the effective thermal stress than the radial
component [62].Theoretical estimations of boundary layer thickness and heat transfer coefficient is examined using
Computational Fluid Dynamics (CFD) for laminar air flow. The feasibility and accuracy of using CFD to calculate
convective heat transfer coefficients is examined. A grid sensitivity analysis is performed for the CFDsolutions, and it
is used to determine the convective heat transfer coefficients. The coefficients are validated using analytical solution.
In addition the local Nusselt number are obtained, which can be used in estimation of flow and heat transfer
performance over a flat plate. The results tell us that for the laminar forced convection simulations the convective
heat transfer coefficients differed from analytical values by 5%. The result also tells us that the boundary-layer
thickness for laminar flow decreases with distance from the leading edge of the flat plate and increases with
Reynolds number. The effect of Reynolds number, Prandtl number on flow is also investigated. These estimations
can quickly give us the conclusion of dependences between the variables of interest [63].

A computational fluid dynamics methodology is developed to study transient, laminar flow and heat transfer in a
periodic zigzag channel with a semi-circular cross-section. The computational domain consists of seven repeating
zigzag units with smoothly joined inlet and outlet sections. Reynolds numbers ranging from 400 to 800 and Prandtl
numbers ranging from 0.7 to 20 are examined for constant wall heat flux and constant temperature thermal boundary
conditions. Simulation results show that the flow reaches a “developed” state after around three units, where the
local velocities fluctuate with time but give well defined average heat transfer rates and pressure loss. The power
spectra of the velocity at monitor points located periodically along the channel also become very similar. Significant
heat transfer enhancement isobserved in the transient regime studied, which is accompanied by a modest pressure-
drop penalty, both of which increase with increasing Reynolds number. Vortex structures are visualized at different
simulation times and Reynolds numbers and it is found that with increasing Reynolds number, vortices with smaller
length-scale are generated, which contribute largely to the enhancement of heat transfer. The results for different
Prandtl numbers show that the heat transfer enhancement is proportional to Pr¥3. The Nusselt number for the T
boundary condition is found to be always higher than that for the H2boundary condition [64].

A new all-time model is developed to predict transient laminar forced convection heat transfer inside a circular tube
under arbitrary time-dependent heat flux. Slug flow (SF) condition is assumed for the velocity profile inside the tube.
The solution to the time-dependent energy equation for a step heat flux boundary condition is generalized for
arbitrary time variations in surface heat flux using a Duhamel’s integral technique. A cyclic time-dependent heat flux
is considered and new compact closed-form relationships are proposed to predict (i) fluid temperature distribution
inside the tube, (ii) fluid bulk temperature and (iii) the Nusselt number. A new definition, cyclic fully developed
Nusselt number, is introduced and it is shown that in the thermally fully developed region the Nusselt number is not
a function of axial location, but it varies with time and the angular frequency of the imposed heat flux. Optimum
conditions are found which maximize the heat transfer rate of the unsteady laminar forced-convective tube flow. We
also performed an independent numerical simulation using ANSYS FLUENT to validate the present analytical
model. The comparison between the numerical and the present analytical model shows great agreement; a maximum
relative difference less than 5.3% [65].

CONCLUSION

Extensive research work has been carried out for experimental, theoretical and numerical approach on transient heat
transfer analysis in laminar flow. Various researchers have developed different experimental models to conduct the
experiments; different theoretical models have also been developed. Numerical modeling has also been done using
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different schemes like, finite difference method, finite volume technique, finite element scheme. Extensive
computational work has been done by using ANSYS FLUENT. Different analytical model by using green’s function
theorem has also been discussed [58]. The analysis and measurement becomes even more vital and crucial for
industries dealing with heat exchanger, automobiles, boilers, space mechanisms, electronic equipment’s and almost
all the daily life applications. It can be also used in a education purpose for teaching transient heat transfer.

Nomenclature

Twz Ambient temperature , K Cp = Specific heat at constant pressure , J/kg K
TW=WaII temperature , K t=Time,s

x = Axial coordinate , m 0 = T-To, temperature difference

Ol = Thermal diffusivity , m?/s y = Transverse coordinate ,m

u = Axial velocity , m%s k = Thermal conductivity , W/ m K

r = Radial distance , m ~= Free stream velocity , m?s

v = Transverse velocity , m?s T-= Free stream temperature , K

p = Density , kg/m? T = Temperature , K

L = Kinematic viscosity , m?/s CV = specific heat at constant volume , J/kg K
Tyx = shear stress , N/m? vV, Vy = velocity component in x and y direction
M = dimensionless radial coordinate € = dimensionless axial coordinate

T = dimensionless time. Pe = Peclet number

u(y) = velocity profile along test section A = wall-to-fluid thermal diffusivity ratio

r, t=derivative with respecttor,t,u W = coefficient of viscosity , Ns/m?
Pr = Prandtl number V=velocity vector

p = pressure , N/m? F=body force , N

Bi = Biot number Fo=Fourier number

h=convective heat transfer coefficient ,W/m2K
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Figure 1.Flat plate subjected to constant heat flux or wall temperature.
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Figure.2 Flow over a flat plate
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ABSTRACT

Purepolyaniline and doped with hydrochloric acid was prepared in different molarities at room
temperature. The a.c electrical properties were stadied.AC conductivityoa (w), is found to vary as S in
the frequency range (100Hz-10MH), S< land decreases indicating a dominate hopping process.
Thedielectric constant eiand dielectric loss €2 have been determined for bulk polyaniline. e: decrease with
the increase frequency. Electrical conductivity measurements increase with the increases both of the
amount of HCI and the dose of radiation. The dielectric investigations show decrease with dose radiation.

Keywords: polyaniline, gamma radiation, electrical conductivity, dielectric constant

INTRODUCTION

Conducting polymers have received much attention due to their potential usage in several applications such as
biosensor [1] electrochemical display [2] corrosion protection [3] or even rechargeable batteries [4]. Polyaniline is a
type of conductingpolymer which received the most attention due to the discovery of its high electrical conductivity
[5] reversible acid-base chemistry in aqueous solution, thermal and environmental stabilities and easiness of
synthesis [6].Since the discovery of electrically conducting polymer by Alan MacDiarmid, Alan J. Heeger, and Hideki
Shirakawa in 1976, intensive investigations have been carried out on the new generation of “synthetic metals” due to
their unique combination of electronic and optical properties and processing advantages [7]. The electrical
conductivity is achieved in the conjugated polymers by means of delocalized of the m-electrons that allow charge
mobility along the backbone of the polymer chain. The synthesis of conducting polymers has been accomplished by
oxidizing or reducing process either through chemical doping [8] or electro-chemical doping [9]. The aniline
polymers have the general formula [(- B- NH-B-NH)y(-B-N =Q=N-)1y]x in which B andQ denote the CsH4 rings in the
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benzenoid and quinonoid forms, respectively. Thus, the aniline polymers are basically poly (p-phenyleneamine)s, in
which the intrinsic oxidation states can vary from that of fully reduced leucoemeraldine (LM y=1), through that of the
50%intrinsically oxidized prenigraniline (PNAy=0).The polymer canachieveits highly conductive state either through
protonation (doping) of the aminenitrogens(=N-) in its EM oxidation state or through the oxidation of the amine
nitrogens(-NH-) [10]. A numberof studies have been reported on the electrical and dielectric properties of
polymericnanocomposite of PANI, as wellas,polypyrrolecomposites.The properties of these systems aresensitive to
particle, inter-particle interaction and temperature.Synthesisof materials with a large dielectric is very important for
the development of a new generation dynamic RAM and microelectro-mechanicalsystem. High dielectric behavior is
possible for application in conductive paints, rechargeable batteries, sensors and actuator [11].The aim of this work is
to study the effect of gamma rays on the electrical properties of prepared polyaniline.

Experimental work

The preparation of (PANI) is based on the oxidation of (0.2M) aniline hydrochloride with (0.25M) ammonium
peroxydisulfate in aqueous medium. The pure sample was prepared in distilled water and the doped sample with
different molarities of HClaquous solution (0.5M, 1M and2M). To prepared sample doped with 2M aniline
hydrochlorid was dissolved in (1M) HCI in a volumetric flask to 50ml of solution, ammonium pexroywas similarly
dissolved in (1M) HCI also to 50ml of solution both solutions are mixed at room temperature in a rounder, and
gentlestirring to polymerize the mixture is left to rest to the next day. The (PANI) precipitate is collected on a filter
and washed with three 100ml of (0.2M) HCI, and 150mlI of acetone. Polyaniline (emeralidin) hydrochloride powder
is dried in air for about one hour then in vacuum oven about (80 °C) for 6 hours the average yield was (1.85)gm. The
A.C electrical measurements are used to investigate polyaniline samples doped during polymerization with various
molarities of HCI. The polyaniline powder was thoroughly grounded in a morter to obtain very fine particles, and
then it was compressed under a pressure 10 tone in the form of a pellet. The resulting pellet has a diameter of 1.3cm
and thickness of (1.88-1.79mm). To improve theelectrical contact the faces of the pellet were coated with aluminum
by thermal evaporation. The LCR meter models (HP-4274A and HP-4275A) were used for the ac measurements. The
sample was placed in a holder specially designed to minimize stray capacitance. The range of frequency was 100Hz -
10MHz. For the sample under investigation, the specimen capacitance C, dissipation factor D and resistance R were
measured. The total conductivity was calculated from the following equation: o(w) = d/RA, where d is the thickness
of the sample and A is the cross-section area.

The ac conductivity oa (w) was calculated by using the relation: oa (w) = AwSwherew isangular frequency, A is a
constant;S (< 1.0) is frequencyexponent. The dielectric constant e1 wascalculated from the equation: e1= Cd/Aeowhere
€ois the permittivity of free space =8.854x10-%(F/cm). The dielectric lossezwas calculated from the equation: 2= eitand,
where tand is the dielectric tangent loss (5 =90 — ¢).

RESULTS AND DISCUSSION

Gamma rays (y- radiation) imparted it is energy in the medium through various processes such as ionization and
excitation of atoms, chemical bound scission, grafting, cross-linking and disintegration of molecules. Figure 2 shows
the variation of the total conductivity as a function of frequency for polyaniline pure and doped withHCI (0.5, 1 and
2M) at various doses. The total conductivity can be expressed as in equation (1).

o1(w) = Odc+0ac (@) -=-==-=----- (1)

od is the dc conductivity.

At frequency independent, the conductivity is served by weakly disassociated ions by irradiation such as CI-, H*and
OH- while at frequency dependant the conductivity is served by relaxed and phonon assisted process [12].0xis
obtained by subtracting the dc conductivity from the measured total conductivity according to Eq.(1). Figure (3)
shows the dependence of a.c. conductivity on frequency atvarious doses at room temperature. It is clear from the
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figure that oac increases with the increase in frequency. The frequency exponent s can be calculated from the slope of
the straight lines in figure 3, the exponent s is less than unity. The general values of s appear to be consistent with a
hopping process of charge carriers (protons) between polymer chains. Figure 4 shows the variation of S values as a
function of HCI M concentration and listed in Table (1).

Polyaniline can be made more conducting by protonation with an acid such as hydrochloric acid (HCI) [13]. The
presence of the acid result is the protonation (increased proton concentration) of nitrogen atoms; the degree of
protonation depends on the PH of the acid solution [14]. Fig.5 show the effect of HCI content on the ac conductivity
at room temperature, the time of radiation at 1.20 hour in this plot indicates that the low frequency behavior is less
than 10*Hz of all the sample looks like a straight line dc conductivity dominated and then the absolute conductivity
for individual sample increases as a function of frequency and the conductivity increases with increased in HCI
concentration (0.5M, 1M and 2M).Figure 6 shows the variation of electrical conductivity at 100 KHz as a function of
HCI concentration(protonconcentration) at various doses. Themeasurement of radiation-induced conductivity
inpolymers has been developed as a technique to study theinfluence of radiation on the electrical behavior of
polymeric layers used in radiation environments. Electrical conductivity of organic polymers can be significantly
increased during the time that the material is exposed to a radiation flux due to the formation of transient conductive
species (electrons, holes). Thespecies also known as charge carriers rapidly recombine once the irradiation is stopped
with the result that the conductivity quickly decreases to near the initial value. Theabsorption of relatively high
doses, however, may cause permanent changes in the conductivity [15, 16].

The dielectric constant was calculated from the measured value of capacitance Cp in the range of frequency 100Hz-
10MHz. The frequency dependence of &1 at different doses is shown in Fig. 7. It is clear from the figure that e1
decreases with the increase in frequency. The variation is small at high frequencies. The decrease of €1 with frequency
can be explained as follows: at low frequencies 1 for polar materials is due to the contribution of multi-component of
polarizability, deformational polarization (electronic, ionic, orientation, and interfacial).When the frequency is
increased, the dipole will no longer be able to rotate sufficiently rapidly. So their oscillations are lagging behind those
of the field. As the frequency is further increased, the dipole will be completely unable to follow the field and the
orientation stopped, so eidecreases at a higher frequency approaching a constant value due to the interfacial
polarization [17].

CONCLUSION

A.C conductivity and dielectric behavior of polyaniline /HCI have been presented in this work. These are synthesized
by the 'in-situ polymerization. The AC conductivity of these composites will obey the power law well above the
critical frequency .The dielectric behavior of PANI shows nearly a Debye-type relaxation, because of this, there is a
decrease in the dielectric constant with increase in frequency. Numbers of blends which are different in composition
were exposed to gamma radiation to various doses and the effect of irradiation time and composition of polymers
used in the blends on the conductivity of films were investigated by using conductivity measurements, PANI- has
also been found to be very efficient in inducing conductivity in gamma-irradiated PANI. The results clearly showed
that ionizing radiation is an effective tool to induce conductivity in the blends of PANI. The main mechanism behind
this radiation-induced conductivity is insitu doping of PANI-base with HCI released from partner polymers and
compounds by the effect of radiation.
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Figure 1. The structure of the polyaniline chain [10].
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Table 1: The values of S

concentration HCI Before 1.20 hour | 2.20 hour | 3.20 hour
Mol. radiation
0 0.888 0.668 0.604 0.782
0.5 0.468 0.405 0.519 0.546
1 0.897 1.238 0.779 0.658
2 0.656 0.512 0.522 0.381
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ABSTRACT

The present study was conducted to evaluate the antidyslipidemic effect of petroleum ether, aqueous,
hydroalcoholic and ethanolic extract of Phyllanthus emblica against triton WR-1339 (200mg/kg) induced
hyperlipidemic model in albino wistar rats. The serum was collected at different interval time (0, 18, 24,
40 and 48h) and estimated for total cholesterol and triglyceride levels. Triton induced hyperlipidemic
control group showed a significant (P<0.05) increase in the total cholesterol and triglyceride level
compared to normal control group. Among the various extracts, ethanolic extract showed significant
(P<0.05) decrease in the serum lipids compared to hyperlipidemic control group at the dose rate of
200mg/kg b.w. compared to other extracts like petroleum ether, hydroalcoholic and aqueous. Further, the
phytochemical screening of the ethanolic extract revealed the presence of phytoconstituents such as
alkaloids, flavonoids, sterols and phenolic compounds etc. which may be responsible for the anti-
dyslipidemic activity. It can be concluded from these study that, ethanolic extract of Phyllanthus emblica
leaves have significant antidyslipidemic activity.

Key words: Phyllanthus emblica, anti-dyslipidemic, Triton WR-1339, albino Wistar rats, ethanolic extract
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INTRODUCTION

Cardiovascular disease (CVD) is one of the major contributing factors to the total global mortality. Atherosclerosis is
one of the major risk involved in cardio vascular disease, where oxidative stress plays a major important role in
developing this condition (Mishra et al. 2011). According to global health observatory data the increase in cholesterol
level causes 2.6 million deaths in a year (WHO, 2014). Hence it is necessary to develop an alternative therapeutic
agent for treatment and management of dyslipidemia. Hyperlipidemia/dyslipidemia leads to various cerebrovascular
disease, peripheral vascular disease and coronary heart disease. It is a metabolic syndrome with diverse lipid profiles
such as increase in low density lipoprotein cholesterol and also increase in the level of total cholesterol and
triglyceride levels. Herbal drugs are widely used and accepted by large population due to its lesser side effects
compared to synthetic drugs even when used for long term (Pandit et al., 2011)

Phyllanthus emblica, commonly known as Indian gooseberry or Amla, belongs to the Phyllanthacae family and
occupies a hallowed position in the Indian indigenous system of medicine. It is the most mentioned herb in the
“Charaka Samhitha”, the ayurvedic medicine literature (500 BC). According to the ancient Indian mythology, it is
believed that this is the first tree to be created on the earth and a gift of nature to mankind which is used as a
rejuvenator in ayurveda. In Hindu religious mythology this tree is worshipped as the “Earth Mother” as its fruit
nourishes the mankind. In Sanskrit it is called as amlaki which means the fruit where the goddess of prosperity
resides (Onions, 1994). Each part of this plant is considered to have the medicinal importance and it is also used for
the treatment of several diseases from the ancient times and reported for free radical scavenging, anti-inflammatory,
hepatoprotective, anti-mutagenic and immunomodulatory activities It has shown efficacy in prevention and
therapeutic approach towards diseases like cancer, atherosclerosis, diabetes, hepatic ailments, cardiovascular
disease and also various other numerous diseases (Dasaroju and Gottumukkala, 2014). Fruits of Phyllanthus emblica
were used traditionally as a hypolipidemic agent and have been scientifically validated through different studies,
both clinically and experimentally (Antony et al., 2008).

The systemic administration of non-ionic detergent surfactant triton to mice or rats results in a biphasic elevation in
the concentration of serum cholesterol and triglycerides level (Frantz and Hinkelman, 1995). Triton WR-1339 causes a
high increase in hepatic cholesterol synthesis and also increase in HMG Co-A reductase activity in rats and mice
within the twenty four hour of intravenous or intraperitoneal administration. Triton WR-1339 stimulates the hepatic
cholesterogenesis by decreasing the hepatic cholesterol and trapping them in the blood compartment (Stanley
Goldfarb 1978).

MATERIALS AND METHODS

Collection and identification of plant material

Phyllanthus emblica leaves were collected from the Wayanad district of Kerala in the month of May 2015. The plants
was identified and authenticated in the Department of botany, University of Calicut and voucher specimen was
deposited with accession number.

Preparation of plant extracts

Leaves of experimental herb collected were cleaned and shade dried under room temperature. They were pulverized
to coarse powder using electrically operated plant sample grinder and kept in air tight containers till used for
extraction purpose. Weighed quantities of dried leaf powder of P. emblica were extracted in soxhlet apparatus
separately with the solvents such as 95% ethanol, distilled water and ethanol at 1: 1 ratio and petroleum ether to get
the respective extracts. For the preparation of aqueous extract decoction method was used in which weighed quantity
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of dried P. emblica leaf powder was mixed with distilled water in the ratio of 1:4 and reduced the quantity to 1/4t of
initial volume by boiling. The extracts so obtained from soxhlet method/decoction method were evaporated and
concentrated using Rotary vacuum evaporator (m/s Buchi, Switzerland) under reduced pressure of 96 mbar at a
temperature range of 40-50°c. The concentrated extract was air dried at room temperature and stored in refrigerator
until use. The percentage yield of each extract was calculated separately using the formula below:

Weight of the extract x 100
Weight of the sample taken

Extractive yield (%) =

Experimental animals

Forty eight male and six female albino Wistar albino rats of 6 to 8 weeks age were procured from small animal
breeding station, Mannuthy, Kerala. All the animals were kept in well ventilated cages under standard laboratory
conditions and acclimatized for two weeks prior to experimentation. They were given standard diet and clean
drinking water ad-libitum.

Chemicals

All the chemicals used were of analytical grade and procured from Merck or Himedia, India unless otherwise
specified. The diagnostic Kits for the study were procured from span diagnostics Itd., India.

Serum lipids estimation
Triglycerides (TG)

Serum TG was estimated by glycerol-3-phosphatse oxidase- peroxidase method using commercial kit (source: M/s
Span Diagnostics Ltd., Mumbai).

TG concentration of sample (mg/dl) = Absorbance of sample X 200
Absorbance of standard

Total Cholesterol (TC)
Serum TC was estimated by cholesterol oxidase-phenol amino antipyrene method using commercial kit (source: M/s
Span Diagnostics Ltd., Mumbai) and calculated as below

Absorbance of sample
X200

TC conc. of sample (mg/ dl) =
Absorbance of standard

Experimental design

The present study was conducted in three phases as mentioned below:

Phase I: Screening of different extracts of P. emblica leaves in triton induced acute hyperlipidemic/ dyslipidemic
model for selection of the most potent extract.

Phase II: Phytochemical screening of the selected extract.

Phase IlI: Acute oral toxicity evaluation of the selected extract
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Phase I: Screening of different extracts of P. emblica leaves in triton induced acute hyperlipidemic/ dyslipidemic
model for selection of the most potent extract.

Forty eight albino Wistar rats were randomly divided into eight groups of six animals each. Group I served as a
normal control, in which all the animals were administered with distilled water. Group Il and 11l that served as triton
/hyperlipidemic control were administered orally with vehicles distilled water (Group Il) and coconut oil (Group I1I)
along with the triton treatment, whereas group IV to VIII were treated orally with atorvastatin at 7.2 mg/kg,
ethanolic, hydroalcoholic, aqueous and petroleum ether extracts respectively at 200mg/kg b.wt, single dose, along
with triton treatment.

Distilled water was used as vehicle for all the drug/extracts administered except for petroleum ether extract in which,
coconut oil served as vehicle. Triton treatment indicated single intraperitoneal (i/p) administration of triton WR-1339
(Tyloxypol) at 200mg/kg body weight dose level after vehicle/atorvastatin/extracts administration.The animals were
fasted overnight; blood was collected from retro orbital plexus before the triton WR-1339 and drug/vehicle treatment
(zero hour) administered and at time intervals of 18, 24, 40 and 48 h post treatment for the estimation of serum total
cholesterol (TC) and triglyceride (TG). The absolute values in respective hyperlipidemic control groups were
considered 100% and percent reduction in other treatment groups at different intervals were calculated.

Serum conc. (hyperlipidemic control — treated group) x100
Per cent reduction =
(Specified time) Serum conc. of hyperlipidemic control

Subsequently the extract showing the maximum antihyperlipidemic activity among the tested extracts was selected
for further evaluation in cholesterol and cholic acid induced dyslipidemia.

Phase I1: Phytochemical screening of the selected extract

The extract selected from the tested extracts owing to the maximum antidyslipidemic potential was ethanolic extract
of P. emblica and it was further subjected to phytochemical screening by various qualitative tests for detecting the
presence of active phytochemical constituents namely alkaloids, tannins, glycosides, phenolic compounds, steroids
and saponins as per the procedure quoted by Harborne (1991) and Raaman (2006) as enlisted below.

Phase I11: Acute oral toxicity evaluation of the selected extract

Acute oral toxicity test was performed as per the Organization for Economic Co-operation Development (OECD,
2000) test guidelines N0.423. The ethanolic extract of P. emblica was solubilized in distilled water and administered
orally at dose level of 2000 mg/kg b. wt. in six animals, in a two-step manner with three animals per step. On the day
of dosing, all the animals were observed for mortality and clinical signs for the first 30 min, 1 h, 2 h and 4 h after
dosing and thereafter daily for 14 days. During the first 1 hour after the drug administration, the rats were observed
for any gross behavioural changes like hyperactivity, grooming, convulsions, sedation, and loss of righting reflex,
changes in respiration, salivation, urination and defecation. After the observation period of 14 days, all surviving
animals were sacrificed and subjected to detailed necropsy.

Statistical analysis of data
All the results were expressed in Mean + SEM. The statistical tests were performed by Statistical Package for Social

Sciences (SPSS) version 21. The data were analyzed using one-way analysis of variance (ANOVA) (Snedecor and
Cochran, 1994) with Bonferroni or Dunnett Tsmethod as post hoc test. Statistical significance was set at p < 0.05.
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RESULTS

Plant identification

The plants were identified and authenticated in the Department of Botany, University of Calicut, Kerala, India and
the voucher specimens was deposited with the accession number, Phyllanthus emblica L., Accession number: CALI
6812.

Preparation of different extractsand phytochemical screening

The extractive yield of 100g powdered leaves of Phyllanthus emblica in different solvents such as ethanolic, petroleum
ether, hydroalcoholic (1:1) and aqueous.Phytochemical screening of ethanolic extracts of Phyllanthus emblica revealed
the presence of various active chemical constituents such as alkaloids, tannins, flavonoids, glycoside, phenolic
compoundes, steroids, saponins, carbohydrates.

Screening of the potent extract in triton WR-1339 (Tyloxypol) induced hyperlipidemic model

All the experimental animals used for this model was kept for fasting overnight. Tyloxypol was once administered to
all the animals except the normal control group at the dose rate of 200 mg/kg b.wt. Intraperitoneally. The serum
triglycerides and cholesterol was estimated at different time interval 0, 18, 24, 40 and 48t h.

Serum triglyceride

The ethanolic extract of Phyllanthus emblica showed a significant reduction in the serum triglyceride level at different
interval period of time (0, 18, 24, 40 and 48t h) when compared to triton WR-1339 control group.

Serum total cholesterol

The ethanolic extract of P. emblica showed a significant reduction in the serum total cholesterol level at different
interval period of time (0, 18, 24 and 48" h) when compared to triton WR-1339 control group.

Acute oral toxicity of ethanolic extract of P. emblica

No mortality was recorded among the groups of rats administered with ethanolic extract of P. emblica single oral dose
of 2000mg/kg body weight. The treated groups of rats exhibited normal behaviour and there were no apparent
clinical signs of toxicity.

DISCUSSION

The present study revealed significant increase in the serum cholesterol and triglyceride level in triton induced
hyperlipidemic model where in significant (P<0.05) decrease in the serum cholesterol and triglyceride level were
observed in ethanolic extract treated group compared to other extract treated groups. The Hypolipidemic agents
which interfere in both the phases of triton administration is due to the inhibition of the hepatic cholesterol
biosynthesis in the synthetic phase and increased excretion of bile acid synthesis (Chitra and Leelamma, 1997). The
interference of the ethanolic extract of P. emblica in both the phase of the triton administration revealed that the
extract is active in both the synthetic phase and the excretory phase and this resulted in decreased serum cholesterol
and triglycerides level and the percentage of reduction were observed high compared to other extract treated group.
The reference drug atorvastatin also showed a significant (P<0.05) decrease in the serum cholesterol and triglycerides
level compared to triton induced model the mechanism is through inhibiting cholesterol biosynthesis by inhibition of
HMG CoA reductase activity which in turn reduces the triglyceride and cholesterol levels (Gayathri et al., 2013).
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Hence the possible mechanism attributed in the ethanolic extract of Phyllanthus emblica is due to the interference of
the extract in inhibiting the hepatic cholesterol biosynthesis and might be due to the increased excretion of bile acid
synthesis.Phytosterols present in the plants are responsible for lipid lowering activity by increasing the cholesterol
and bile acid metabolism (Sharma et al., 2013). The presence of alkaloid ingredient in the plant inhibits the cholesterol
biosynthesis which in turn decreased the total plasma lipids and cholesterol level in rats (Koriem, 2014). The
presences of glycoside and poly phenolic compounds are reported to inhibit HMG CoA reductase activity (Gayatri et
al., 2013). Flavonoids present in the plants are responsible for reducing the risk of CVD by facilitating the removal of
cholesterol from the peripheral tissues.
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Table 1: Experimental protocol for Anti-dyslipidemic activity of different extracts of Phyllanthus

emblica leaves.

Group Treatment
| Normal/vehicle control group :Animals receiving distilled water @ 10 ml/kg orally
1 Hyperlipidemic control I: Animals receiving distilled water and triton WR-1339 (200
mg/kg; i.p.) treatment
1 Hyperlipidemic control 1l: Animals receiving coconut oil (10 ml/kg orally) and triton
WR-1339 (200 mg/kg; i.p.) treatment
v Animals receiving atorvastatin @ 7.2 mg/kg b.w. and triton treatment
\Y Animals receiving ethanolic extract@ 200 mg/kg b.w. and triton treatment
VI Animals receiving hydroalcoholic extract @200 mg/kg b.w. and triton treatment
VIl Animals receiving aqueous extract @ 200 mg/kg b.w. And triton treatment
VIII Animals receiving petroleum ether extract @ 200 mg/kg b.w. and triton treatment

Table 2: Phytochemical analysis of Methanolic extract of Phyllanthus emblica leaves:

Sl. Phytochemical
. Reagents Inference
No. constituents
1 Alkaloids Mayer’s reagent Creamy white precipitate
2 Tannins 1% Ferric chloride solution Blue / green / brownish green
colour
Flavonoids Neutral ferric chloride Green colour
Glycosides 20% Sodium hydroxide solution Yellow colour
Phenolic compounds 10% Ferric chloride solution Dark brown colour
5 Steroids Chlorof(.er,. concentrated Red colour
sulphuric acid
7 Saponins Foam test Persisting foam for 10 minutes
8 Carbohydrates Molisch test Violet ring at junction

Table 3. Extractive y