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Abstract 

A valve is device that regulates, directs or controls the flow of fluid by opening, closing or partially obstructing various passage 

ways. Knife valve is a type of a gate valve. These types of valves are commonly used in pulp industries, pharmaceutical industries, 

where these valves handle slurry type fluids. The advantage of this type valve is easy operation and maintenance. In the world of 

advanced technology and globalization the organization are moving towards the optimization using advanced technique. The 

objective of the paper is to design the knife valve for design condition. The finite element analysis is used to check the design 

adequacy of the model. The stress analysis of valve is done using finite element software ANSYS 17.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Biomass may be viewed because the ideal influence of solar vitality in the world. It's the type of chemical energy, which will also 

be launched when the chemical bonds between adjoining oxygen, carbon, and hydrogen molecules are damaged with the aid of 

more than a few biological and thermo-chemical methods. It is the 1/3 largest essential energy useful resource in the world, after 

a coal and oil. Biomass is   a probably CO2- neutral and renewable energy resources. Biomass gasification is among the thermo-

chemical conversion procedure to produce syngas or fuel gas depending upon the feedstock and gasifying surroundings [1] [2]. 

The forms of gasifiers are quite a lot of, however is also divided into three important groups comparable to entrained glide gasifiers, 

fluidized bed gasifiers (bubbling/circulating) and fixed bed gasifiers, the place the last is subdivided into: counter-current (updraft), 

co-current (downdraft) and go-present relocating bed. 

Gasification can be outlined as a thermo chemical degradation of carbonaceous material under reducing surroundings to a 

flamable gas with affordable calorific value. In a gasifier, the carbonaceous material undergoes three procedures[3]. The pyrolysis 

approach happens because the carbonaceous particle heats up. Volatiles are discharged and char is produced. The system is 

dependent on the residences of the carbonaceous fabric and determines the constitution and composition of the char, so that it can 

bear the gasification reactions. Fluidized bed combustors are used worldwide to combust for coal and biomass[4]. The fluidization 

principle is the start stationary bed of strong particles is brought to a fluidized state by an upward flow of gas as quickly as the 

quantity flow charge of the fluid exceeds a unique limiting value. In a circulating fluidized bed method the solids entrained with 

the fluidizing fuel are separated in an external cyclone and lower back by way of a standpipe into the bottom of the fluidization 

vessel. The foremost benefits of fluidized bed gasification  are uniform temperature distribution ,due to severe solid mixing (no 

scorching spots even with strongly exothermic reactions),significant stable–gas alternate discipline through virtue of the small 

solids grain measurement, excessive heat-transfer coefficients between bed and the heat changing surfaces, the intense motion of 

the fluidized bed makes it feasible to combust a wide variety of fuels having different sizes, shapes, moisture contents and heating 

values. The gas supplied may also be both moist or dry  either a paste or a solid, the excessive heat potential of the fluidized bed 

enables stable combustion at low temperature at 1000 K, in order  to  the formation of thermal and prompt nitrogen oxides can also 

be suppressed, and there is  no moving materials within the combustion chamber[5]. 

This paper offers with experimentation and evaluation of bagasse in a circulating fluidized bed utilising air as the gasifying 

medium. Influence of gasification temperature and equivalent ratio has been studied on the special gasification parameters. 
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II. EXPERIMENTATION 

Bagasse fuel used within the test was once gathered from Thanjavur, Tamil nadu, India. Ultimate and proximate evaluation were 

performed on the samples in keeping with standard methods at CECRI Karaikkudi Tamilnadu. The results are given in Table 1. 
Table – 1 

Analysis % of Bagasse fuel 

Analysis (%)  

Proximate Analysis % (Raw Fuel) Moisture Content 8.34 

Volatile Matter 73.1 

Fixed Carbon 15.1 

Ash 3.05 

Lower Heating Value (MJ/kg) 17.80 

Ultimate Analysis (% Air Dried Basis) Carbon 41.58 

Hydrogen 5.56 

Oxygen 40.46 

Nitrogen 0.38 

Sulphur 0.19 

Gasification experimental performed in a laboratory scale plant running at atmospheric pressure. Fuel is fed by way of screw 

feeder and air is supplied via blower and the ash is eliminated continuous with ash elimination device.  A schematic diagram of 

the experimental setup for the circulating fluidized bedgasifier is shown in Figure 1. 

 
Fig. 1: Experimental set up for the circulating fluidized bed gasifier 

The design and running aspects of the circulating fluidized bed gasifierare the reactor ID- 0.100 m, total height is 1.40 m and 

the rate of feed stock capacity is 3-7 Kg/hr. A suction blower used to be geared up on the outlet of the gasifier to avoid back 

pressure in the reactor and smoother go with the flow of gas. The gas was then handed by means of a cyclone separator for removal 

of heavy particles. A Tar separator (water scrubber) was once fixed on the gas route for removing of tar. A diesel bath was furnished 

after the tar separator for further removal of any impurities. A burner is offered on the gas line for the reason of burning the surplus 

gas. 

The complete bed is insulated with refractories and heater is positioned on the base of the bed and thermocouples had been used 

for measuring the temperature at one-of-a-kind zones (T1 to T4).Producer gas composition used to be analyzed with the help of 

Siemens make online gas Analyzers. Water filled with U tube manometer and is used to measure the pressure difference. The gas 

outflow to be measured by means of anemometer .From the accuracy of each apparatus used within the test the cumulative values 

are suited as they are  good beneath of  5% error in their respective measurements. 

Biomass materials used within the present work  is bagasse,1 kg of  Inert bed material used right here is sand with bulk density 

of 1472.44 kg/m3 and natural particle size 1mm, which helps in steady fluidization and higher heat transfer. Air offered must be 

more than twice with the minimal pace of fluidization. When the temperature is reached within the reactor at preferred degree and 

attained a regular state, the fuel feeding from the screw feeder is began on the favoured speed to begin the test. The identical 

method is repeated at various response temperatures and equivalence ratios. Most commonly, it took 40 min for the test stipulations 

to reach a stable state. Five gas samples were taken at an interval of 10 min after the scan run in a stable state. 
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III. RESULTS AND DISCUSSION 

Influence of temperature of gasification and equivalence ratio in the feed is analyzed below with respect to change in fuel 

composition, gas yield, carbon conversion efficiency, lower heating value, and cold gas efficiency. 

 Effect of Temperature 

 Gas Composition 

 
Fig. 2: Effect of temperature on gas composition ER is 0. 

The temperature of the reactor is diversified from 900K – 1200K and the corresponding change within the producer gas 

composition. Rise in temperature increases CO and H2 composition while methane and CO2 decreases for the known equivalence 

ratio.  Higher operating temperature of the reactor would promote endothermic reactions. As a consequence, the composition and 

yield of the gas produced would be strongly influenced via the gasification temperature. Increase of the C and decrease of CO2 for 

0.2 equivalence ratio is shown in Figure 2. This result is in convenient with the gasification experiments of bagasse (RuiNeto 

Andre et al., 2005). CO2 measure down and CO increase adopted at an identical kind in general in view that of the truth that CO2 

is getting converted to CO with develop in temperature as explained by means of Boudouard reaction. 

C+ CO2-> 2CO ----------------------   [1] 

Also there was once a marked develop in H2 and the amount of its production elevated at the temperature of  1200K. The loss 

in H2O and methane may additionally have contributed to the increase in H2 and overall develop in carbon fraction of the product 

fuel. The attention of methane is determined to follow a decreasing pattern with develop in reaction temperature. The molar 

concentration of methane is found to be lesser, varies between 1.52 % to   0.71 % (v/v) when it is compared with different gas say 

hydrogen (varies between 22.76to 27.85%) and CO (varies between 26.14 to 35.55 %). Co and methane had shown identical 

development for wood gasification in similar temperature degrees[6]. 

 Gas Yield 

 
Fig. 3: Impact of temperature on gas yield at ER is 0.2. 

The yield of the gas produced can be strongly influenced via the gasification temperature. This is evidenced via the powerful 

temperature dependence discovered in the fuel composition, the gas yield raises with increase in temperature suggesting that more 

solids are changing in to gaseous product as the temperature increases is shown in Figure 3. At an equivalence ratio of 0.2, the gas 

yield was around 1.531 Nm3/kg. It is similar to the highest gas yield was about 1.53 Nm3/kg for the saw dust [7] gasification which 

could also be executed in this gasification scenario at very excessive ER ratios. It can be discovered that the growing the 

equivalence ratio would be expanded the gas yield in all temperature as in Figure 8. 
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 Gas Heating Value 

 
Fig. 4: Effect of temperature on gas heating value at ER is 0.2 

The influence of temperature in gas heating value is given in Figure 4. It is used to be found that   the reaction temperature of 

gasification raises the Calorific value (L.H.V) also reaching maximum values of 7.60 MJ/m3 at 1200K. The heating value of our 

gasification used to be much linear relationship much like the bagasse gasification[8]. It is  also exciting to notice that gas heating 

value was once measure below 6.3 MJ/m3 at 900K, compared the 5 MJ/m3 for coir pith and 5.5 MJ/m3 for saw dust however the 

highest values mentioned at higher temperature was once advanced in our bagasse gasification situation. 

 Carbon Conversion Efficiency 

 
Fig. 5: Effect of temperature on carbon conversion (CC) efficiency at ER is 0.2. 

The impact of gasifier temperature on carbon conversion efficiency (cc), the temperature varies from 900K – 1100K.Carbon 

conversion efficiency raises with increase in temperature as shown in Figure 5. The rate of increase slows down with increase in 

the temperature mainly due to the fact that of lesser availability of CO2 due to reduction reactions. The highest carbon conversion 

achievement data is 92.58%  at a  temperature of 1200K at an equivalence ratio of  0.2.A similar trend   had proven for bagasse 

gasification  in an similar temperature range[9]. The carbon conversion was decided from the product gas composition and the 

feed information. 

 Cold Gas Efficiency 

 
Fig. 6: Effect of temperature on cold gas efficiency at ER is 0.2 
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Figure 6 suggests the temperature intensifications with corresponding grow of cold gas efficiency. The maximum coldgas 

efficiency of 66.91% was once determined for the highest temperature of 1200K at ER of 0.2. Results are refined than the value 

report for Coir pith (62.48% at 0.18 ER) and associated to saw dust cold gas efficiency[10]. 

 Effect of Equivalence Ratio 

Equivalence ratio (E.R) is the ratio of the specific A/F ratio to the stoichiometric A/F ratio. Discarding the gas element, it might 

be additionally outlined as the ratio of actual air furnished to the stoichiometric air requirement, in the gasification method the 

succeeding equation which shows air to gas ratio. 

Φ= ((wt. Of O2/wt. of dry Fuel) Precise)/((wt. Of O2/wt. of dry fuel) stoichiometry) 

 Gas Composition 

 
Fig. 7: Effect of ER on gas yield (T=1000K) 

Figure 7 represented the influence of the equivalence ratio on the fuel composition. The equivalence ratios examined were 0.2, 

0.25, 0.3, 0.35 and 0.4 for a steady temperature of 1000K. From the figure 7, the main element of the produced gas is CO2, H2, N2, 

CO and H2O with the increase of the equivalence ratio from 0.2 to 0.4, the concentration of CO diminished from 30.52 vol. % to 

24.01 vol.%, CH4 lowered from 1.03vol. % to 0.74 vol.%, H2O multiplied from 3.54 vol.% to 9.43 vol.%, and H2 decreased from 

24.19 vol.% to 16.96 vol.%. But, the concentration of CO2 multiplied slowly from 6.36 vol. % to 9.94vol. % and also the N2 value 

from 30.52 vol. % to 38.05vol. %. The tendencies of the produced gas compositions at 1000K are like with bagasse9. A similar 

trend was reported for saw dust air gasification in an entrained flow reactor[11]. 

 Gas Yield 

 
Fig. 8: Effect of ER on gas yield (T=1000K) 

In static temperature (T=1000K), ER ratio raises linearly with expand gas yield as proven in Figure 8. The transformation of the 

solid fuel to gaseous species is excessive with better temperature and ER. Highest gas  yield of 1.73 Nm3/kg when compared better 

than the  coir pith which used to be arrived to have a common gas yield of 1.57 Nm3/kg  at 0.31 ER and 1083K[12]. In this study 

the temperature of 1000K at ER of 0.2  the bagasse is highest. 
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 Gas Heating Value 

 
Fig. 9: Effect of ER on gas heating value (T=1000K) 

As shown in Figure 9, increasing equivalence ratio results in lowering the heating value. It was found that the heating value dropped 

from 6.88 to 4.30 MJ/m3 for ER of 0.2 to 0.4 respectively. For bagasse gasification an identical development obvious as the heating 

value dropped from 6.67 to 4.65 MJ/m3 for the increase of ER from 0.22 to 0.44 at 800°C[13]. The reason for the reduce is also 

the possibility of secondary gasification of produced gas that may occur at high air availability at larger ER. It can also be because 

of the additional nitrogen load that dilutes the C ratio within the product gas. 

 Carbon Conversion Efficiency 

 
Fig. 10: Effect of ER on carbon conversion efficiency (T=1000K) 

Effect of ER on Carbon conversion efficiency is given in Figure 10. Efficiency increases with increase in temperature albeit slowly. 

The air ratio for the O/C is an essential parameter that influences the carbon conversion. As the air ratio increases, the carbon 

conversion was determined to lesser which is similar to the observation made for bagasse gasification[14]. Alternatively the CC 

efficiency were fairly  excessive of 92.58% when compared to highest CC value of 92.8% at the equivalence ratio of 0.28 at 1073K 

acceptable for saw dust gasification . The change may be as a result of the gas variety as good as reactor configuration and 

experimental set up. 

 Cold Gas Efficiency 

 
Fig. 11: Effect of ER on cold gas efficiency (T=1000K) 
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Have an effect on of ER in cold gas efficiency is shown in Figure 11. Increasing ER reduced cold gas efficiency virtually linearly 

till 0.3 ER at 1000K. A point minimize was once determined at 0.4 ER. A identical drop was determined in coir pith and bagasse 

gasification as well. It is interesting to note that the development from 0.15 to 0.3 ER[15]. A greater ER the process approach may 

just combustion trends which may influence in a so much sharper fall to scale down efficiencies at higher ERs. 

IV. CONCLUSION 

Bagasse was gasified with air medium in circulating fluidized bed gasifier. Influence of temperature and equivalence ratio was 

found on gas composition, fuel yield, carbon conversion efficiency, fuel heating value and cold gas efficiency. It was found that 

the increase in temperature favourite CO and H2 formation. Gas yield improved with both expand in temperature and ER ratio. 

Carbon conversion efficiency impact bigger by the increase in temperature and reduced in ER value.  Increasing temperature 

improved cold gas efficiency and gas heating value even as a reverse reducing pattern was determined with increasing ER on these 

parameters. These results highlight the prospective benefits of bagasse gasification in assessment to gasification of coir pith and 

saw dust. 
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