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Abstract
The stresses which produce fatigue failure at héghperature do not necessarily need to come froohamécal
source. Fatigue failure can be procd by fluctuating thermal stresses under conditioiere no stresses &
produced by mechanical causes. Thermal stressgswdsen the change in dimensions of a memberasault ol
temperature change is prevented by some kind aft@int. Here inhis research work we have carried out ther
fatigue analysis at the throat section of gas#ieell using different biomasses to get stresseshwrioduce fatigu
failures at high temperature. For biomass babuldibe number of cycle of stress to se complete fracture of ti
specimen using coffimenson equation at throat section has been obt&rhave also assessed the microstruc

of gasifier shell at present condition usin-situ metallography test.
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Introduction

Gasifier apparatus used to produced gas by 1
different biomass like wood, coconut shells, Wt
straw pellets, pressed sugarcane, etc Bion
gasification means partial combustion of biomr
which produced combustible gases consisting
Carbon monoxide (CO), Hydrogen (H2) and trace
Methane (CH4). This blend is called producer |
This gas can be usdd run both compression al
spark ignition engine [1]. Gasifier apparatus hg\
different zones named drying zone, pyrolysis z
combustion zone and reduction zone. Out of all
zones the temperature of combustion zone is ree
around 700°C to 100Q@ which is highly affecte
from the operating condition. However, the locasi
are selected as per the given temperature r

The stresses which produce fatigue failure at
temperature do not necessarily need to come
mechanical source. Fatigufailure can be product
by fluctuating thermal stresses under conditi
where no stresses are produced by mecha
causes. Thermal stresses result when the char
dimensions of a member as the result of temper:
change is prevented by some kufcconstraint [2]
Metallography is the art to study of the inter
structure of material and alloys, and to identifg
relation of structure to composition and to sti
physical, chemical, and mechanical properties ol
metals. Many methods have bedgvised to resolv
internal structure, but microscopically examinas
have always been among the supplemer
important. For most of the history of metallograp
they have been carried out by means of the of

microscope. And now a day some adv: material
characterization techniques are introduced
categorize the internal structure of the metalsnyv
times a metallographer needs to examine
microstructure of a material without physica
destroying the component. However, with
techniques involving irsitu metallography, this tas
can become a possible. In fact, as one can exg@¢
to take microstructure at site and microstruc
prepared at laboratory are difficult to differeii
[3]. As the components are not destroyed durir-
situ metallography, is considered as NDE (i
destructive evaluation) techniq

In-situ metallography is most important NI
technique to assessing the conditions and lifehe
plant components facilities to avoid the damag:
failures and ensure healthyreliable and safe
environment of the plants like, petrochemical, po
plant, fertilizer plant
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Fig-1 Temperature variation in babul wood bioma

etc. with the advancement and portable equipméetsnt

situ metallography considered as non destructive
technique. Operating condition of components play a

important role in failure of the components, sonikeo
factors are also involved in the same. Metallogyaplso
revels the different properties of material andsthare
depends on the manufacturing of components [4, 5].

Methodology

A downdraft tube gasifier made up of mild steel bagn
used for experiment. Since the throat section ghligi
affected by thermal stress therefore this sectiogasifier
has to be analyzed for thermal fatigue [6].

A ‘K’ type thermocouple is used to obtained tempea
fluctuation at throat section of the gasifier foiffetent
biomasses respectively; for which following resulisre
obtain as given in the figures 1 to 5.
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Fig-2 Temperature variation in Sugarcane biomass
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Fig-3 Temperature variation in Peltophorum biomass
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Fig-4 Temperature variation in 50% Pltophorurs@%
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Calculatio
Frequency of : - Temp n for
ﬁl; Biomass Temperature T'Z\rfra(gg) I\_I{I;j\xmm}ug -|Mé?-rl]m(L‘j’g) Difference thermal
variation P P P (O stress
(Mpa)
1 | Babul wood 5 1016.7 1026 1000 26 60.06
2 | Peltophorum 8 1027.8 1032 1020 12 27.72
3 | Sugarcane 5 1010.1 1020 998 22 50.82
4 | 50%
Peltophorum
+50% Babul 6 1020.8 1033 1000 33 76.23
wood
5 | 50% Babul
wood + 50 % 7 1010.6 1023 999 24 55.44
Sugarcane
Table 1 Calculation of thermal stresses and temiper&alue for different biomass
Result

Now to calculate thermal stresses following relatio

o = aEAT where , E young modulus for mild steel is
2.1*10 °> Mpa , «a is linear thermal coefficient of
expansion 11*18 K [7], AT temperature different for

which results has been obtain which is shown Table

no.l

Fig 6 Location Weld/HAZ 100X

Location: include weld metal, heat affected zone and
parent material

Material: Mild steel

Operating temperature: 1100°C (combustion zone)
Enchant: 2% Nital

Fig 6 shows the microstructure of HAZ/weld portion
and Fig 7 shows microstructure of parent material.
Weld microstructure shows dendritic structure of
ferrite and carbides, Whereas at HAZ microstructure
shows fine-grained ferrite and pearlite structure.
Parent

http: // www.ijesrt.com

Fig 7 Location Parent Material 400X

metal microstructure shows fine-grained ferrite aedrlite
structure. In-situ spherodization of pearlite iselved at
the grain boundaries.

Results obtained after solving Coffin-Menson
Equation

Thermal fatigue is a form of failure that occurs in
components subject to alternate heating and caoling
Under thermal fatigue, crack can initiate, propagat
and eventually failure occurs. The reason for cliack
due to the temperature change in the material that
induces thermal expansion (or contraction). If
surrounding material or external constraints hinder
this expansion, thermal stresses arise. Theseccycli
thermal stresses cause fatigue similar to that of
mechanical stresses.

Coffin and Manson established that the plastidrstra
life data could also be linearised with log—log
coordinates. The equations of Basquin and Coffin—
Manson hold the stress-based and strain-based
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fatigue properties, respectively. The summation of

these equations

is known as Coffin—Manson

equation:

Ae O , . .
— =——(2N,)" +¢&,(2N,)
2 E S

E=2.1*10

B=-0.12 [2]

C=-0.7 [2]

.- =95 N/mnf

< ~ =0.1886

Aé = QAT =11+f@25 = 2.74*10

By solving coffin Manson equation for

babul wood biomass (Trial and error method) we
found the N(Number of cycle for failure) is 1.1 x 10

Conclusion
Based on the experimental work carried out on
gasifier the following conclusions may be derived.

1.

Using ‘K’ type thermocouple temperature
fluctuation at the throat section of gasifier
has been found as mentioned in fig 1 to 5.
Based on the result obtained on temperature
fluctuations, thermal stresses has been
calculated accordingly as shown in table no
1

Using in-situ metallography microstructure
of specimen at throat section has been
obtained, results reveals the initial stage of
degradation in thermal fatigue.

In order to prepare microstructure at
laboratory and at in-situ metallography both
give quantitative and valuable characteristics
of the specimen at microstructure level.
Because, The gasifier shell is mainly made
of carbon steel or mild steel. In-situ
metallography is useful to find out certain
failure mechanism like, graphitization,
degradation of pearlite, creep mechanism,
decarburization, grain coarsening (grain
growth), stress corrosion, inter granular
corrosion , thermal fatigue, sigma phase
identification etc.

Finally using coffin-menson equation for
biomass babul wood the number of cycle of
stress to cause complete fracture of the
specimen was 1.1 x 10
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