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Abstract: - Experimental investigation of sample fuels coal-water/methanol/oil mixture. Every liquid fuel was
added to pulverize coal in percentage weight. For every fuel Combustion temperature, time is noted and burning
rate coefficient is calculated. Great impact of air flow temperature is observed on combustion temperature and
burning rate coefficient. 50% and more Qil in Coal Oil Mixture achieve highest temperature and moderate
burning rate coefficient as compare to other fuels. Due to presence of low grade coal in India, immense and
expensive coal is imported in India. The aim of this project is to find alternative fuels replacing oil in industries
and utilization of low grade coal. By varying air flow temperature in the process of fuel combustion,
improvement in results i.e. combustion temperature and burning rate coefficient is observed.
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I.  Introduction

India has become a power surplus country with huge power generation capacity idling for want of
electricity demand. The issue of coal availability assumes significance because the commaodity accounts for
more than half of the country's energy mix. To sustain the growth rate of 8-9 per cent over the next few decades,
the country has invariably to depend on coal. The country has increasingly to rely on imports, which are set to
grow to 142 million tonnes next fiscal, from 83 million tonnes this year. The utilization of coal has recently
attracted special interest as an alternative energy source in place of petroleum [4].

Coal liquid slurry was initially developed in Russia about 80 years ago, and the technology was further
refined in Europe in 1950. Coal-oil mixtures have been investigated for over a century, and during World War |
attempts were even made to use the fuel in submarines. Interest has fluctuated with coal and oil prices. Much
work was carried out in the USA with the aim of eking out the dwindling oil reserves, but the price differential
between coal and oil was too small to encourage development [32].

Single droplet combustion of coal-oil/methanol/water mixtures was investigated. A micro explosion
occurred during the gas-phase combustion period of emulsified fuels and caused secondary atomization of fuel
droplets. Appropriate addition of water and/or methanol in COM improves combustion characteristics of
mixtures [7]. The effect of ambient air temperature on the apparent overall burning rate coefficient of CMS
droplets was small [4] whereas, MW-COM shows noticeable high burning rate coefficient among all [7]. The
combustion is a sequential two-staged process, consisting of gas-phase combustion of the volatiles followed by
combustion of the solid residue, which is mostly carbon. The duration of combustion of the solid residue
agglomerate was several times longer than that of the volatiles and therefore constituted a major part of the total
burning time. The gas-phase burning time as well as the total burning time was found to vary linearly with the
square of the initial droplet diameter, thus obeying the "square law” of initial droplet diameter [5]. Water from
the coal-water suspension clearly intensifies the combustion process, causing the lowering of ignition
temperature and the highest combustion temperature has the suspension made of coal dust of the lower type, and
its combustion time is the lowest [2]. Positive effects of staged firing were reduction in volume and velocity of
flue gases lowered heat losses, increase in boiler efficiency and reduce NOx products. CWM combustion is
carried on in three different ways firstly, CWM combustion using oxygen enriched air. Second CWM
combustion using staged firing; third one is combination of above two [8].

In this experimental investigation, single isolated droplet combustion of coal-water (CWM), coal-
methanol slurry (CMM), and coal-oil mixture (COM) which consists water, methanol, oil and pulverized coal,
by varying there weights has been examined. Effect on Combustion Temperature and burning rate coefficient is
calculated for increasing air flow temperature.
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Il. Experimentation

The Pulverized bituminous coal of particle size <100 um, three samples for each three type of liquid
fuel are experimented by suspending isolated droplet in the middle of combustion chamber made of Quartz
glass by the means of fine wired thermocouple i.e. Generic K-Type Digital Thermometer/Thermocouple
Sensor. The tip holding droplet has 1mm diameter. For example, 25% of water is added to pulverized coal. This
is done by measuring weight of both the elements on Digital Portable Weight Machine with LED Weighing
Scale Display. Air Flow temperature is varied from 6000C to 8000C to note down effect on combustion
temperature. The fuel drop undergoes combustion with it is ignited by force ignition method. The temperature
and time of combustion is recorded. Then water content is raised to 50% and 75% in coal fuel slurry and its
readings are noted down and same procedure is followed for rest type of fuel. As per the burning rate
coefficient formula, the diameter of tip of K type thermocouple holding droplet and the diameter of droplet is
measured and time is recorded for all types and contents. Using this data, burning rate coefficient is calculated.
Ambient temperature is varied by increasing heater temperature. In case of coal water mixture, additive
naphthalene oil is added.

During the attainment of coal-water slurry of high-coal concentration, the viscosity of the slurry
increases with every increase in the particle-particle interaction, thereby leading to severe adverse effects on the
storage as well as on the transportation properties of the slurry. Since a significant region of the coal is
hydrophobic, the inter-particle association can be controlled by masking the hydrophobic sites of the coal or by
rendering the coal surface with sufficient dispersant such that coal-water interaction will be promoted instead of
coal-coal interaction. Thus, the dispersant/additive/agent plays an important role in the preparation of
concentrated CWS systems.

Fig. 1: Experimental setup

1. Quartz glass cylinder, 2. Exotic Thermocouple Probes, 3. Manometer, 4. Vertical Heating Oven, 5. Heater
temperature indicator, 6. Exotic Thermocouple indicator, 7. Oxygen cylinder. 8. Supporting stand
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Fig. 2: Generic K-Type Digital Thermometer/Thermocouple Sensor

2.1 Burning Rate Coefficient

The d?® law is well established for the combustion of volatile fuel droplets. It states that during droplet
combustion the square of the instantaneous droplet diameter varies linearly with the elapsed time. Burning rate
coefficient is ratio of difference of square diameter of initial droplet and diameter of thermocouple bed to the
overall time of combustion. Assumptions incorporated into the d*law of droplet combustion: Spherical
symmetry, Isolated droplet in infinite medium, Isobaric process, Chemical reaction infinitely fast with respect
to diffusion, Constant gas phase transport properties and heat capacity, Gas phase quasi-steadiness, Constant,
uniform droplet temperature, Neglects Soret effect, Dufour effect and radiation, Unity Lewis number for all
gaseous species, Negligible buoyancy, Negligible radiation. The justification of this assumption is based on the
relatively slow regression rate of the liquid fuel droplet as compared to gas phase transport processes [5].

Ko=(DNZ%D0?) /10 evvveeeueeaennn, (1)

Where, Ko= burning rate coefficient, mm2/sec
Do= initial droplet diameter, mm
Dn=diameter of thermocouple bead, mm
to= overall combustion time, sec
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IV. Conculsion

A From the results we can state that increasing the air flow temperature or combustion temperature
increases fuel burning rate coefficient and combustion temperature. The advantage of coal slurry fuel is low
grade fuel can be utilized and adding liquid fuel enhance coal property. Among the three sample fuels, Coal oil
mixture highest burning rate coefficient and combustion temperature. Air flow temperature or combustion
chamber temperature was restricted to 900°C for safe side is the limitations. There is possibility that coal liquid
mixture can attend more temperature and burning rate coefficient, if more than 1000°C air flow temperature is
attended. Coal slurry fuel is intended to use as alternative of oil. Use of coal liquid mixture can significantly
reduce the import of coal. Liquid fuel used was in 25%, 50% and 75% proportion. Further work can be done for
coal water slurry for water below 25% in coal water mixture and adding more different additives. Application
of coal slurry fuel in petroleum industries, oil and gas industry, oil fired power plant, automobile etc

4™ International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of 57 | Page
Excellence in Health Science And Technology (LZCODE) — EQUINOX 2018



Influence of air flow temperature on Isolated Coal Water/Oil/Methanol Mixture Droplet

1.

12).
[3].
[41.
(5]
[6].

[71.
[8].
[9].

[10].
[11].
[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].
[26].

[271.

References
G. E. Liu And C. K. Law*, ‘Combustion of Coal-Water Slurry Droplets’ Jet Propulsion Laboratory, Beijing Institute Of
Aeronautics And Astronautics, Beijing, China * Department Of Mechanical Engineering, University Of California, Davis, Ca
95616, USA (Received 6 May 1985)
Agnieszka Kijo—Kleczkowska , ‘Combustion of Coal-Water Suspensions’ Institute Of Thermal Machinery, Department Of Boilers
And Thermodynamics, Technical University Of Czestochowa, Armii Krajowej 19c¢, 42-200 Czestochowa, Poland.
Takeshi Sakai, Masayoshi Sadakata and Masahiro Saito ,‘Single Droplet Combustion of Coal Methanol Slurry’ Department Of
Chemical Engineering, Gunma University, Kiryu, Gunma 376, Japan (Received 5 July 1983; Revised 26 June 1984)
T. Sakai and M. Saito, ‘Single-Droplet Combustion of Coal Slurry Fuels’ Department Of Chemical Engineering, Gunma
University, L- Tenjincho, Kiryu, Japan 376 COMBUSTION AND FLAME 51 : 141-154 (1983)
Daniel Bienstock, Edward M. Jamgochian ,‘Coal-Oil Mixture Technology’ US Department Of Energy, Pittsburgh Energy
Technology Centre, Pittsburgh, USA. The Mitre Corporation, USA Fuel, 1981, Volume 60, September.
Dmitrii Glushkov, Pavel Strizhak, Ksenia Vershinina, ,“The Research Of Coal-Water Slurry Fuel Ignition And Artificial Composite
Liquid Fuel Droplets’, Xv International Conference Linguistic And Cultural Studies: Traditions And Innovations, Lkti 2015, 9-11
November 2015, ‘National Research Tomsk Polytechnic University, 30 Lenin Avenue, Tomsk, 634050, Russia
Masahiro Saito, Masayoshi Sadakata and Takeshi Sakai, ‘Single Droplet Combustion of Coal Oil/ Methanol/Water Mixtures’
Department of Chemical Engineering, Gunma University, Kiryu, Gunma 376, Japan (Received 28 April 7983)
Y.C. Fu, G.T. Bellas, And J.I. Joubert ‘Coal-Water Combustion Using Oxygen-Enriched Air And Staged Firing’ U.S. Department
Of Energy Pittsburgh Energy Technology Centre P.O. Box 10940 Pittsburgh, Pennsylvania 15236]
Masahiko Mizomoto, Shigeru Ikai ,‘Combustion Of A Coal-Oil Mixture Droplet On A Hot Surface’ Department Of Mechanical
Engineering, Keio University, Yokohama 223, Japan ldeo Masuda National Space Development Agency Of Japan, World Trade
Centre Bldg., Tokyo 105, Japan And Department Of Mechanical Engineering, Meisei University, Hino 191, Japan
V. M. Malhotra And J. C. Crelling , Effects Of Particle Size And Air Flow Rates On To Runaway Temperature Of Bituminous Coal
At 290k < T < 7000K” Department Of Physics Department Of Geology Southern Illinois University, Carbonda Illinois 62901-4401
C.K. Man. J.R. Gibbon’s ‘Factors Affecting Coal Particle Ignition Under Oxy-Fuel Combustion Atmospheres’, Department Of
Mechanical Engineering, Imperial College London, And Exhibition Road, London Sw7 2az, UK.
‘Effect of Coal Particle Size on the Proximate Composition and Combustion Properties” Article in Thermochemical Act December
2005.
Karle Svoboda, Michael Pohofely, Michal Jeremiads, Lpetra Kamenikova, Asiarhei Skoblja, Michal Syc , ‘Fluidized Bed
Gasification Of Coal-Oil and Coal-Water-Oil Slurries A Gas Containing Co2-Oxygen Mixture’ Chemical Engineering Transactions
Volume 21, 2010 Editor J. J. Klemes, H. L. Lam, P. S. Varbanov Copyright © 2010
Saurabh Bhatt, Pradeep K. Agarwal, ‘The Effect of Moisture Condensation on the Spontaneous Combustibility of Coal” Department
of Chemical & Petroleum Engineering, University Of Wyoming, Laramie, Wy 82070, USA (Received 15 June 1995; Revised 19
April 1996)
F. Okasha, ‘Prediction of Coal-Water Slurry Dispersion in a Fluidized Bed Combustor’ Department the Institute of Chemical
University Of Naples “Federico Ii” Italy Institute Recherché Combustion National Research Council of Italy Naples, Italy. Twenty-
Sixth Symposiums (International) on Combustion/the Combustion Institute, 1996/Pp. 3277-3285.
P.A. Strizhak, A, M.Yu., R.L. legorov, Chernetskiy, ‘The Review of Ignition and Combustion Processes for Water-Coal Fuels’ 1,
National Research Tomsk Polytechnic University, 634050 Tomsk, Russia 2. The Institute of Thermo Physics of Siberian Branch of
Russian Academy of Sciences 630090, Novosibirsk, Russia.
C. K. Law , ‘Recent Advances In Droplet Vaporization And Combustion’ Department Of Mechanical And Nuclear Engineering,
North-Western University, Evanston, Illinois 60201, U.S.A. Prog, Energy Combustion. Sci. Vol. 8. Pp. 171-201.
G. Papachristolwulou and O. Trass, ‘Coal Slurry Fuel Technology’ Department Of Chemical Engineering and Applied Chemistry,
University Of Toronto, Toronto, Ontario, Canada Mss la4 And General Commination Inc., 1 Spadina Crescent, P.O. Box 70,
Station P, Toronto, Ontario, Canada Mss 2s6.
Kaushal K. Tiwari , Sibendra K. Basu, Kumaresh C. Bit, Somnath Banerjee, Kamlesh K. Mishra , ‘High-Concentration Coal-Water
Slurry From Indian Coals Using Newly Developed Additives’ Central Fuel Research Institute, P.O. Fri-828108, Dhanbad, India
Received 1 July 2002; Received In Revised Form 27 February 2003; Accepted 24 March 2003.
Pei Pei, Qicheng Wang, Daohong Wu Beijing Shenwu,‘Application and Research on Regenerative High Temperature Air
Combustion Technology on Low-Rank Coal Pyrolysis’ Environmental & Energy Technology Co., Ltd, Beijing, China.
‘Effect of Co2 on Oxy-Fuel Combustion of Coal-Char Particles in A Fluidized Bed: Modelling And Comparison With The
Conventional Mode Of Combustion’ by Chan Sheng Bu Alberto Gomez-Barea, Xiaoping Chen, Bo Leckner , Daoyin Liu, David
Pallarés D, Ping Lu A A Jiangsu Provincial Key Laboratory of Materials Cycling and Pollution Control, School Of Energy &
Mechanical Engineering, Nanjing Normal University, Nanjing 210042, China.
‘A Review on Water In Low Rank Coals: The Existence, Interaction With Coal Structure And Effects On Coal Utilization’ by
Jianglong Yu AB, , Arash Tahmasebi A,B, Yanna Han A, Fengkui Yin A, Xianchun Li A A Key Laboratory Of Liaoning Province
For Advanced Coal And Coking Technology, School Of Chemical Engineering, University Of Science And Technology Liaoning,
No.185 Qianshan Zhong Road, Anshan (114051), China.
‘Combustion Behaviour Profiling of Single Pulverized Coal Particles in a Drop Tube Furnace Through High-Speed Imaging And
Image Analysis’ by Xiaojing Bai A,B, Gang Lu B,1, Tom Bennet C, Archi Sarroza C, Carol Eastwick C, Hao Liu C,ft, Yong Yan
B A School of Control And Computer Engineering, North China Electric Power University, Beijing 102206, China B School Of
Engineering And Digital Arts, University Of Kent, Canterbury, Kent Ct2 7nt, Uk C Faculty Of Engineering, University of
Nottingham, University Park, Nottingham Ng7 2rd, Uk
Flow’A. V. Zakharevicha, G. V. Kuznetsova, V. V. Salomatovb, P. A. Strizhaka, And S. V. Syrodoya, Initiation of Combustion of
Coal Particles Coated With a Water Film in a High-Temperature Air, Fizika Goreniya | Vzryva, Vol. 52, No. 5, Pp. 62-74,
September—October, 2016. Original Article Submitted October 1, 2015; Revision Submitted March 10, 2016.
Tanmoy Bhadra and Kalyan Annamalai* ,‘Ignition and Combustion of Isolated Coal Water Slurry Droplet’ Department of
Mechanical Engineering Texas A & M University College Station, Texas-77843-3123
D.W. HORSFALLL, The properties and uses of mixtures of coal’, and water or oil* J. S. Afr. Inst. Min. Metal/., vol. 90, no. 8. Aug.
1990. pp. 199-204.
James E. Funk,‘Coal-Water Slurry and Method for Its Preparation’ Alfred Station, N.Y. Alfred University Research Foundation Inc.,
Alfred, N.Y. 88,815 Oct. 26, 1979

4™ International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of 58 | Page
Excellence in Health Science And Technology (LZCODE) — EQUINOX 2018



Influence of air flow temperature on Isolated Coal Water/Oil/Methanol Mixture Droplet

[28].

[29].

[30].

[31].

[32].

Osamu Hiroya; Hiroynki Ihara, Both of Yokohama; Yoshitomo Sanami, Kamakura, United States Patent 191 Hiroya Et Al,Jan. 5,
1982 ‘Coal-Oil Mixture’ Inventors: All of Japan Assignee: Mitsubishi Oil Co., Ltd., Tokyo, Japan Appl. No.: 184,566 [21] Filed:
Sep. 5, 1980

Izumi Yamada, Tokyo; Tetsuya Oishi, Kamakura; Kazuhiko Hanashita, Kitakyushu, ‘Coal-Methanol Slurry And Its Production
Process’, United States Patent 191 Yamada Et Al. Patent Number: Date Of Patent: 4,802,891 Feb. 7, 1989 All Of Japan Ssignees:
Mitsui Mining Company, Limited; Mitsui Toatsu Chemicals, Incorporated, Both Of Tokyo, Japan [20] Appl. No.: 171,152 ° Filed:
Mar. 21, 1988

Xiao-Mei, Fuzhou, Fujian, China, Ming-Hua Liu*, Yi-Fan Liu Chen ‘Preparation Of A Concentrated Coal Water Slurry Dispersant
Incorporating Sulfomethylated Alkali Lignin As A Raw Material’, College Of Environment & Resources, Fuzhou University,
College Of Environment & Resources, Fuzhou University, Fuzhou, Fujian, China International Conference On Remote Sensing,
Environment And Transportation Engineering (Rsete 2013)

Shah Shahood Alam*, Ahtisham A. Nizami, Tariq Aziz International Journal of Engineering Research and Applications,
“Fundamental Aspects of Droplet Combustion Modelling”, *Corresponding Department of Mechanical Engineering. Aligarh
Muslim University, Aligarh-202002, U.P. India. Issn : 2248-9622, Vol. 4, Issue 11(Version 3), November 2014, Pp.10-26

D.W. HORSFALLLt, The properties and uses of mixtures of coal, and water or oil* J. S. Afr. Inst. Min. Metal/., vol. 90, no. 8.Aug.
1990. pp. 199-204.

4™ International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of 59 | Page
Excellence in Health Science And Technology (LZCODE) — EQUINOX 2018



