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Abstract

Secondary atmospheric pollutions may result from wet flue gas desulfurization (FGD) systems
caused by the reduction of Hg?* to Hg®. The present study employed three agents: Na,S, 2,4,6-
trimercaptotiazine, trisodium salt nonahydrate (TMT) and sodium dithiocarbamate (DTCR) to
precipitate aqueous Hg?* in simulated desulfurization solutions. The effects of the precipitator’s
dosing quantity, the initial pH value, the reaction temperature, the concentrations of CI~ and other
metal ions (e.g. Cu?* and Pb?*) on Hg?* removal were studied. A linear relationship was observed
between Hg?* removal efficiency and the increasing precipitator’s doses along with initial pH. The

addition of chloride and metal ions impaired the Hg?* removal from solutions due to the

v
raomnlevatinn nf (17 and Hn2+ ac well ac the chelatina ramnetitinn hetwrean T—Tn-2+ and ather metal

Research article O Abstract only

Ultrasonic mixing and closed microwave irradiation-assisted transesterification of soybean
oil

Ming-Chien Hsiao, Chin-Chiuan Lin, Yung-Hung Chang, Lung-Chuan Chen

Pages 3618-3622

o Purchase PDF Article preview A

Abstract

Abstract

The present study employed ultrasonic mixing and closed microwave irradiation to assist

transesterification of soybean oil. The purpose was to obtain the optimal ultrasonic mixing and

closed microwave irradiation procedure. The optimal reaction conditions includingi=33s\:YYe/ @ ®s
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Concentrations and modes of occurrence of platinum group elements in the Shengli River

oil shale, northern Tibet, China
Xiugen Fu, Jian Wang, Yuhong Zeng, Fuwen Tan, Jianglin He
Pages 3623-3629

o Purchase PDF Article preview A

Abstract

Abstract

The Shengli River—-Changshe Mountain oil shale zone, located in the North Qiangtang depression,
northern Tibet plateau, represents a potentially large marine oil shale resource in China. Twenty-
one samples including oil shale, micritic limestone and marl were collected from the Shengli River
area to determine the contents, distribution patterns and modes of occurrence of platinum group
elements (PGEs) in marine oil shale. Oil shale samples from the Shengli River area have high ash
yield (61.86-67.48%) and total organic carbon content (8.02-13.67%) with low total sulfur content
(0.76-1.39%) and intermediate shale oil content (3.60-16.30%). The total PGE content in oil shale

samples is very low (average 1.749 ng/g), approximately half the mean value of Chinese coals, but

hicher than that AfTICA raale P(RFc in nil chale cammnlec fram the Chenali River area are
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new description of the flyash particle and finally benefit the utilization of flyash. Lath-like mullite

crystals appeared in high-iron samples and needle-like mullite crystals were observed in low-iron
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soybean biodiesel
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oil were tested, varying engine load from 9.6 to 35.7 kW. Specific fuel consumption (SFC) and the
exhaust concentrations of carbon dioxide (CO,), carbon monoxide (CO), and hydrocarbons (HC)

were evaluated. The engine was kept with its original settings for diesel oil operation. The results
showed increased fuel consumption with higher biodiesel concentration in the fuel. Soybean
biodiesel blends showed lower fuel consumption than castor biodiesel blends at a given

concentration. At low and moderate loads, CO emission was increased by nearly 40% and over 80%

when fuel blends containing 35% of castor oil biodiesel or soybean biodiesel were used,

respectively, in comparison with diesel oil. With the load power 0f 9.6 kW, the use of fuel blends

containine 20% of castor oil biodiesel or sovbean biodiesel increased HC emissions bv 16% and
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Abstract

In this study, the Euler-Euler (E-E) and Euler-Lagrange (E-L) models designed for the same chemical
mechanism of heterogeneous reactions were used to predict the performance of a typical sudden-
expanding coal combustor. The results showed that the current E-E model underestimated the coal
burnout rate because the particle temperature fluctuation on char combustion is not adequately
considered. A comparison of the E-E and E-L simulations showed the underestimation of

heterogeneous chemical reaction rates by the E-E model.
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A comprehensive mathematical model for biomass gasification in a bubbling fluidized bed

reactor
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is a one-dimensional, two-phase (bubble and emulsion), two-zone (bottom dense bed and upper
freeboard), steady state model. The model is based on global reaction kinetic, mass and energy
balances and is capable of predicting temperature, solid hold ups and gas concentration along the
reactor’s major axis. The overall model has sub-models to deal with biomass pyrolysis, gasification,

bed hydrodynamics, material classification and property calculation. A sub-model for tar

generation and cracking is included in this study. The model is capable of dealing with wide

variety of biomasses and fluidizing agents, i.e. air, oxygen, steam or a mix of these giaSaRIETIE )
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Abstract

A fuel quality survey of biodiesel blends collected in June 2009 from 26 Michigan retail stations was
performed, 8 months after the publication of ASTM D7467. Measured blend levels were not
consistent in stations where pump labels indicate specific biodiesel blend levels. Fatty acid methyl
ester (FAME) analyses revealed that majority of the samples are soybean oil-based (SBO) biodiesel.
Full compliance with the ASTM D7467 requirements for kinematic viscosity and flash point (FP)
were observed with the biodiesel blends; all but one for cetane number (CN). Barely half of the
samples were able satisfy the total acid number (TAN) specification with select samples reflecting as

high as 1.6 mg KOH/g. The most pressing is that only 45% were able to meet the 6 h induction

nerind (TP reantirement: niit afthace that did nat analifir 4794 are even law hlandc hintina the
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Study on the phosphate removal from aqueous solution using modified fly ash
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Pages 3668-3674

o Purchase PDF Article preview A

Abstract

Abstract

In this work the fly ash was modified by sulfuric acid for the removal of phosphate. It was found
that modification of fly ash could significantly enhance the phosphate immobilizatig=33s):Y\a/@®)
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methyl acetate transesterification
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Pages 3675-3682
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Abstract

The use of methyl acetate instead of methanol for supercritical synthesis of glycerol-free biodiesel
from vegetable oils is a new process and its study is very limited in the literature. In this work, it
has been tested for the first time on three edible and non-edible oils with different fatty acid
composition. The process was also applied to waste oil with higher free fatty acid (FFA) content.
The results demonstrate that the oil composition does not significantly influence the biodiesel

yield.

The influence of temperature, pressure and molar ratio of reactants was studied. All the oils

achieved complete conversion after 50 min at 345 °C, 20 MPa with methyl acetate:oil molar ratio  +
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Determination of the reactive component of fly ashes for geopolymer production using
XRF and XRD

Ross P. Williams, Arie van Riessen
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determining the formulation of geopolymers to get the desired matrix chemistry uses the bulk

composition of the feedstock materials. This formulation method is widely used in investigations
using feedstock materials that almost completely react during processing. It is widely considered

that amorphous components of fly ash are the reactive components in the geopolymerisation
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boilers — Evaluation of different co-combustion modes
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Pages 3693-3709
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Abstract

In the current work the co-combustion of Solid Recovered Fuels’ (SRFs’) with brown coal in large
scale pulverised coal boilers under different operational conditions is numerically investigated. In
order to overcome the difficulty of the complex, inhomogeneous nature of waste recovered fuels,
SRF is modelled as a mixture of two different fractions, the biogenic and the plastic one. For each
fraction different combustion mechanisms are presented, whilst for the first time the proposed
combustion mechanism of the plastic fraction is incorporated in a commercial CFD code and
validated against available experimental data. A 600 MW, brown coal boiler is simulated as a

reference and its operational characteristics are compared with parameterised scenarios of SRF co-
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Abstract

The present study represents an effort to correlate the dependence of NO, emissions on heat losses
to the atmospheric environment in a CHy/air fueled combustor. To this end, the numerical
analysis was performed over a wide range of residence times, equivalence ratios and heat losses
using a perfectly stirred reactor (PSR) code. The numerical results showed that the calculated NO,
concentration initially increased, reached a maximum value and then decreased with increasing
residence time when the heat loss was present. The similar variation was observed in changes in
the thermal NO concentration that was evaluated by only considering the reactions associated with

the thermal (Zeldovich) NO mechanism. With the heat loss increased, the calculated NO,,

rancentratinn wac cithatantially rediiced far all eanivalence ratine invectiaated Tn additian the
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Sunflower biodiesel production and application in family farms in Brazil
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Abstract

Abstract

There are limited options available for compact small-scale biodiesel production equipment that

produces biodiesel of similar quality as that obtained from an industrial-scale production system.

The aim of the present study was to evaluate equipment optimization for producingi===(s):¥ e/ @ ®s]
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Forage turnip, sunflower, and soybean biodiesel obtained by ethanol synthesis: Production

protocols and thermal behavior
C.M. Soares, L.C.V. Itavo, A.M. Dias, E.J. Arruda, ... L.C.S. de Oliveira
Pages 3725-3729
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Abstract

Abstract

In this work it is reported a detailed investigation of the effect of different production protocols
based on alkaline ethanolysis on conversion yield of forage turnip, soybean, sunflower, and castor
oil into the respective biodiesel. Parameters such as catalyst contents, reaction times and
temperatures were evaluated. Additionally, it was also investigated the relationship between the
conversion yield and the chemical composition of the fatty acids in the feedstock. Conversion
yields ranging between 70% and 100% point out the viability of the production of biodiesel using
ethanol. Based on thermal analysis, sequential steps of weight loss were observed indicating that

biodiesel undergoes oxidative thermal decomposition with the elimination of different portions of’

v
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determine the temperature necessary for thermal cracking reactions and the kinetic parameters of

heavy petroleum fractions.
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Atomization and combustion of canola methyl ester biofuel spray
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Pages 3735-3741
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Abstract

Abstract

The spray atomization and combustion characteristics of canola methyl ester (CME) biofuel are
compared to those of petroleum based No. 2 diesel fuel in this paper. The spray flame was
contained in an optically accessible combustor which was operated at atmospheric pressure with a
co-flow of heated air. Fuel was delivered through a swirl-type air-blast atomizer with an injector
orifice diameter of 300 pm. A two-component phase Doppler particle analyzer was used to measure
the spray droplet size, axial velocity, and radial velocity distributions. Radial and axial distributions
of NO, CO, CO, and O, concentrations were also obtained. Axial and radial distributions of flame

temperature were recorded with a Pt-Pt/13%Rh (type R) thermocouple. The volumetric flow rates

v
nffiiel atnmizatian air and ca-flaw air were lrant canctant far hath fiiele The Aranlet Qanter mean

Research article O Abstract only

Thermal analysis of a diesel engine operating with diesel-biodiesel blend
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transfer coefficient at the top surface was modeled taking into account the temperature and
pressure inside the combustion chamber. Such instantaneous pressure was measured using a
special probe for an engine operating with several blends of diesel and biodiesel, and the
temperature was obtained through a First Law analysis. The physical properties, including the
cetane number were evaluated experimentally for all diesel/biodiesel blends used in this work. An

elliptic scheme of numerical grid generation was used, so that the irregular shaped piston in the
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An investigation of the catalytic abatement of emissions from the combustion of

diesel/bioethanol blends
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Abstract

Abstract

In this study, we investigated the activity of pre-sulfated 1%Pt-2%Sn/y—-Al,O5 on the catalytic
abatement of the combustion emissions of three fuels: pure diesel E(0), pure bioethanol E(100) and
bioethanol blended diesel containing 10% bioethanol E(10). The emissions generated, by each
blend combustion, were conducted continuously to the catalyst sample. The catalytic activity was
determined by following the evolution of the outflow emissions concentrations by FTIR gas

spectroscopy as a function of the catalyst temperature. Results showed that the addition of’
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Abstract

Abstract

A gas jet superposition model has been recently developed for computing group-hole nozzle sprays
in computational fluid dynamics (CFD) simulations. The objectives of this study are: (1) to perform
a systematic validation of the comprehensive spray model for group-hole nozzles using a broad
range of experimental data; (2) to analyze the dynamics and physical insight of group-hole nozzle
sprays based on the simulation results; and (3) to further clarify the impact of included-angle on
spray/mixture properties of group-hole nozzle sprays. An updated version of the KIVA-3V Release 2
code, which employs the Lagrangian-Drop Eulerian-Fluid (LDEF) methodology for numerical

calculation of two-phase flows, was used in the simulations. Diverging group-hole nozzles with
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Biomass direct chemical looping process: Process simulation
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Pages 3773-3784
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Abstract

Biomass is a clean and renewable energy source. The efficiency for biomass conversion using

conventional fuel conversion techniques, however, is constrained by the relatively low energy
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Evaluation of guindilla oil (Guindilia trinervis Gillies ex Hook. et Arn.) for biodiesel
production
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Abstract

Abstract

Guindilla plants (Guindilia trinervis Gillies ex Hook. et Arn.) are small shrubs that grow wildly in the
mountains of Central Chile in soils and climates not suitable for agriculture. Whole guindilla seeds
contain 28-29% w/w oil. Cotyledons represent 45% w/w of the seed and contain 63-64% w/w oil.
Main unsaturated fatty acids are oleic (63% w/w), linoleic (8% w/w) and gadoleinic (9.5% w/w), while
main saturated fatty acids are palmitic (9.1% w/w) and stearic (3.1% w/w). The content of free fatty
acids was 0.06%. Transesterification reactions yielded a biodiesel with ester content >99%,; cetane
number 59; oxidative stability at 110 °C, 18.9 h; kinematic viscosity at 40 °C, 4.867 mmz/s; cold filter

plugging point, CFPP + 4 °C; sulfur content 1.0 mg/kg; sulfated ash < 0.01% p/p; acid value
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Biodiesel production by ethanolysis of mixed castor and soybean oils
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Abstract

Abstract

This paper presents a one-dimensional steady state mathematical model for the simulation of'a
small scale fixed-bed gasifier. The model is based on a set of differential equations describing the
entire gasification process of softwood pellets and is solved by a two step iterative method. The
main features of the model are: homogeneous and heterogeneous combustion and gasification
reactions, one-step global pyrolysis kinetics and drying, heat and mass transfer in the solid and gas
phases as well as between phases, heat loss, particle movement and shrinkage within the bed. The
pyrolysis model has been improved by partially cracking primary tar into lighter gases according to

experimental data. The model is used to simulate a laboratory scale fixed-bed updraft gasifier.
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Limitations of the use of cetane index for alternative compression ignition engine fuels
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cetane index. The best agreement among three methods was observed for ULSD, while S-8 showed
the largest discrepancy. The cetane indices for S-8 were 70.2 and 67.3 calculated using D4737 and
D976 respectively, while the DCN was 52.8. The addition of biodiesel to ultra low sulfur diesel
(ULSD) fuel alters the chemical properties of the fuel. The derived cetane number reflected the
increase in ignition quality with the addition of biodiesel while calculations for cetane index did

not. The cetane indices for a commercial B20 were 45.30 and 46.70 while the DCN showed a
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Investigation of the combustion of neat cottonseed oil or its neat bio-diesel in a HSDI

diesel engine by experimental heat release and statistical analyses
C.D. Rakopoulos, D.C. Rakopoulos, E.G. Giakoumis, A.M. Dimaratos
Pages 3814-3826
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Abstract

Abstract

An experimental study is conducted to evaluate the effects of using neat cottonseed oil or its neat
ME (methyl ester) bio-diesel, on the combustion behavior of a standard, high speed, direct
injection (HSDI), ‘Hydra’ diesel engine located at the authors’ laboratory. Combustion chamber and
fuel injection pressure diagrams are obtained at medium and high load using a developed, high-
speed, data acquisition and processing system. A heat release analysis of the experimentally

obtained cylinder pressure diagrams is developed and used. Plots of histories in the combustion

chamber of the heat release rate and other related parameters reveal some interesting features,
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Abstract

The paper presents the experimental results obtained concerning performances and pollution of'a
diesel engine fueled with diesel-biodiesel-ethanol blends compared with diesel fuel in laboratory
tests. The main properties of the researched fuels are presented within this paper, in comparison
with classical diesel fuel (chemical composition, density, kinematic viscosity, cold filter plugging
point, flash point). Engines’ performances were evaluated by determining the brake specific fuel
consumption and brake thermal efficiency. For pollution evaluation the emissions of CO, CO,,
NO,, HC and smoke have been measured. An increasing of brake specific fuel consumption has

been observed, especially at lower engines’ loads, with maximum 32.4%, reducing engine brake

thermal effiriency writh mavimiim 21 7% (O emiccinne darreace acnercially at hiah laade wrth
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Optimization of supercritical dimethyl carbonate (SCDMC) technology for the production

of biodiesel and value-added glycerol carbonate
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Emission characteristics of diesel, gas to liquid, and biodiesel-blended fuels in a diesel

engine for passenger cars
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conducted on a 2.0 L 4 cylinders turbocharged diesel engine fuelled with those alternative diesel
fuels to investigate the engine-out emission characteristics under various steady-state engine
operating conditions. The results revealed that noticeable decreases in THC (22-56%) and CO (16—
52%) emissions for GTL-biodiesel blends were observed, whereas NOx emissions for GTL-
biodiesel blends increased by a maximum o0f12% compared to diesel. With regard to particle size
distributions (PSDs) for GTL-biodiesel blends, the particulate matter (PM) number concentration
in accumulation mode decreased, as a result of the excess oxygen content in biodiesel. Contrary to
the tendency in the accumulation mode, there was a slight increase in the PM number

concentration in the nucleation mode under the operating conditions wherein the exhaust gas
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Effect of MEA fabrication techniques on the cell performance of Pt-Pd/C electrocatalyst for
oxygen reduction in PEM fuel cell
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results indicated that the fabrication technique had only a very slight effect on the ohmic resistance

of the PEM fuel cell but it significantly affected the charge transfer resistance and open circuit
voltage (OCV). The cells prepared by the CCM method, and particularly by decal transfer, exhibited

a significantly higher OCV but a lower ohmic and charge transfer resistance compared with the
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Abstract

Abstract

An efficient solid Lewis acid, has been synthesized by loading cerium triflate (7 wt%) on the acid
activated fly ash with high silica content (81%). The physico-chemical properties of synthesized fly
ash-supported cerium triflate catalyst (CFT) were monitored by XRD, FT-IR spectroscopy, FT-IR
spectroscopy of the ammonia adsorbed catalyst, SEM-EDAX, TEM, Flame Atomic Absorption
Spectrophotometer and TG-DTA study. The increased concentration of silica surface hydroxyl
groups on activated fly ash have a major influence on the loading of cerium triflate. The catalytic
activity of the catalyst CFT was tested in the acylation of veratrole using acetic anhydride as the

acylating agent. The proposed model structure of CFT shows that the triflate species withdraws the
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Abstract

Previously water-in-octane nano-emulsions were prepared by mixed surfactant systems. In this
paper, a series of amphiphilic graft copolymers, namely poly (higher a-olefin-co-para-
methylstyrene)-graft-poly(ethylene glycol) and poly (higher a-olefin-co-acrylic acid)-grafi-
poly(ethylene glycol), were used as additives to enhance the stability of these nano-emulsions.
Although the amphiphilic graft copolymers did not impact the average diameter of the water
droplets in these emulsions to a major extent, the stability of these emulsions were enhanced
significantly by the interaction between surfactants and amphiphilic graft copolymers.

Amphiphilic graft copolymers’ stabilizing capability depends on their chain structure and
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Accelerating transesterification reaction with biodiesel as co-solvent: A case study for solid

acid sulfated tin oxide catalyst
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Abstract

Abstract

Solid acid catalysts are normally used to catalyze the transesterification of oil with high free fatty

acid (FFA) to biodiesel. However, the immiscible phases of methanol-oil-catalyst in the initial
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Low boiling point organic amine-catalyzed transesterification of cottonseed oil to

biodiesel with trace amount of KOH as co-catalyst
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Abstract

Abstract

The effect of addition of trace amount of KOH as co-catalyst on low boiling point organic amine-
catalyzed transesterification for biodiesel production was investigated. Three different organic
amines, tri-ethylamine, di-ethylamine and tert-butylamine, were used as catalysts, and the
maximum amount of KOH that could be added to these organic amine-catalyzed systems was
367.1 mg/kg oil. Under such circumstance, KOH could be left in the resultant biodiesel and no
washing was needed to remove it as the concentration of K* in the biodiesel met EN 14214
standards. Addition of trace amount of co-catalyst KOH with an amount of 367.1 mg/kg oil

resulted in the organic amine-catalyzed transesterification under milder reaction conditions than
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PAHs, 4 nitro-PAHs and 6 oxy-PAHs were determined in the exhaust. The results obtained,
showed that PAH emissions decreased with the addition of biodiesel during all driving modes.

However, their nitrated and oxygenated products were found to increase with biodiesel compared
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Morphological characterization of super fine pulverized coal particle. Part 2. AFM

investigation of single coal particle
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Abstract

Abstract

Super fine pulverized coal combustion is a new pulverized coal combustion technology which has
better stability, higher combustion efficiency and lower NO, and SO, emission than that using
conventional particle sizes. In this paper we applied fractal analysis based on power spectral
density (PSD) and slit island method (SIM), three-dimensional (3D) surface roughness
measurement and surface-topography observations from AFM to form a proper investigative tool
which may give a relatively full picture of surface morphology of super fine pulverized coal
particles for the first time. The final results indicate that both fractal dimensions calculated by SIM

and PSD and roughness of coal particle size increase with the increase of the coal particle size.
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collected from the 15 coal-burning thermal power plants (TPPs) in operation by means of gamma
spectrometric technique and to assess the radiological impacts from the utilization of PFA samples
examined as filling and cover material in earthwork applications. Also, the annual effective doses
received by workers handling PFA and members of the public living in a house near the PFA
pile/landfill were estimated using methods specified in the Radiation Protection 122. The activity
concentrations of 22°Ra, 232Th and *°K measured in PFA samples were tabulated for each TPP. The
activity results show that Turkish PFA may have relatively high natural radioactivity content,
depending on its origin reaching in the case of Kangal PFA 2720 Bq kg™! of 22°Ra. The values of

external exposure indexes (radium equivalent activity index and gamma index) calculated for PFA
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Abstract

Abstract

A two-stage equilibrium model applicable to the wide range of operating conditions is developed
to predict carbon conversion and composition of the product gas in an entrained-flow coal gasifier.

The model is composed of two separate stages including char-gasification and gas-phase reaction.

Carbon conversion is estimated in the first stage with solid—gas reactions, and then
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Abstract

The process of torrefaction alters the physical properties of biomass, reducing its fibrous tenacious
nature. This could allow increased rates of co-milling and therefore co-firing in coal fired power
stations, which in turn would enable a reduction in the amount of coal used and an increase in the
use of sustainable fuels, without the need for additional plant. This paper presents an experimental
investigation of the pulverisation behaviour of two torrefied energy crops, namely: willow and
Miscanthus. A multifactorial method approach was adopted to investigate the three process
parameters of temperature, residence time and particle size, producing fuels treated using four

different torrefaction conditions. The untreated and torrefied fuels were subjected to standard fuel
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compared to the case of non-optimized injection and ignition timings. For methanol engine, the
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A direct numerical simulation study of coherent oscillation effects of swirling flows

Nan Gui, JianRen Fan, Kefa Cen, Song Chen
Pages 3926-3933

o Purchase PDF Article preview A

Abstract

Abstract

In this study, we carried out a direct numerical simulation of swirling jets to investigate the temporal
characteristics of coherent structures related to the vortex breakdown. The type of coherent motion of
oscillation, as a temporal characteristic of vortex breakdown, is observed through the analysis of
correlation functions. It indicates that the vortex breakdown is accompanied with the resonance of
fluctuations of flow velocity, pressure, vortices and etc. Moreover, it is found that the coherent
oscillation occurs only for the swirling flows with a high level of swirl (larger than the critical value)
when the bubble vortex breakdown takes place, and only at relatively moderate Reynolds numbers

transiting from laminar to turbulence.
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wastewater and gaseous products. Hydrothermal upgrading and dewatering of the peat was carried
out in a batch-type autoclave reactor at temperatures between 150 and 380 °C at a maximum
pressure of 25.1 MPa for 30 min. It was found that the extent of decomposition of organics during

hydrothermal dewatering depended on temperature increase.

Wastewater from hydrothermal dewatering was found to contain organic carbon (TOC) ranging

from 800 ppm at low temperatures, to 7504 ppm at high temperatures. A number of sugars and =
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Study of kinetics of co-pyrolysis of coal and waste LDPE blends under argon atmosphere
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Abstract

Abstract

Co-pyrolysis of coal with waste plastic is increasingly being looked upon as a potential technique to
counter the present day challenges in energy and waste management by harnessing the multiple
benefits associated with the same. In the present work, the kinetics of co-pyrolysis of waste LDPE
carried out with coal of Ledo origin from the coalfields of Assam (India) has been studied. A
thermo-gravimetric (TG) study of the co-pyrolysis has been carried out taking waste LDPE-coal
mixtures in ratios of'3:1, 1:1, and 1:3 by weight and at five varying heating rates from 5 to

25 K min~! with a 5 K increment. Experiments were also carried out for the individual components
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alcohol in volume. A hybrid burner specially designed to stabilize different liquid fuels flames with
identical hydrodynamic conditions has been used. Spatially resolved measurements of soot volume
fraction and of soot precursors concentration have been carried out by coupling Laser-Induced
Incandescence (LII) at 1064 nm and Laser-Induced Fluorescence (LIF) at 532 nm. Significant
reductions of the concentrations of soot and soot precursors have been observed when adding
ethanol to gasoline. A similar behaviour has been obtained with a gasoline-surrogate which has
been found to reproduce well the sooting propensity of the unleaded gasoline used in this work.
The analysis of the correlation existing between the peak soot volume fraction measured in flames

and the Threshold Soot Index (T'SI) of the different mixtures tested in this work revealed that the
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Abstract

The transesterification of palm oil and dimethyl carbonate (DMC) for preparing biodiesel has been
carried out at the catalysis of immobilized-lipase in solvent-free system. The comp (===l YXe'@#8.
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Surface modification of high calcium fly ash for its application in oil spill clean up
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investigate the role of HCFA composition in its behaviour. The addition of HCFA to an oil spill
results in the formation of a semi-solid oil-HCFA phase, allowing the quite total removal of oil

from the water surface. HCFA’s oil sorption capacity in dry environment after 24 h is 0.7-0.9 g oil/g
HCFA for AD and 0.5-0.6 g oil/g HCFA for M. HCFA’s behaviour, when added to an oil spill,
necessitates the amelioration of'its floating ability and affinity for oil and to this direction its
hydrothermal treatment in an aqueous solution of sodium oleate (SO) under several conditions

(time, temperature, HCFA:SO mass ratio, SO solution concentration, solution:HCFA ratio) has been

applied. The treatment of the calcareous HCFA (AD) at 25 °C at a mass ratio HCFA:SO = 1:0.004

results in the formation of a cohesive semi-solid oil-HCFA phase, allowing the total removal of oil
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important reaction operating conditions on the pressure fluctuation at the reactor bottom, the
power consumption, the dispersed phase holdup, the Sauter-mean drop diameter and the specific

interfacial area. The power consumption under batch, single- and two-phase flow was proved to
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Effect of temperature on the performance of microbial fuel cells
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Abstract

Abstract

Single and double chamber microbial fuel cells (MFCs) were tested in batch mode at different
temperatures ranging from 4 to 35 °C; results were analysed in terms of efficiency in soluble
organic matter removal and capability of energy generation. Brewery wastewater diluted in
domestic wastewater (initial soluble chemical oxygen demand of 1200 and 492 mg L~ of volatile
suspended solids) was the source of carbon and inoculum for the experiments. Control reactors
(sealed container with support for biofilm formation) as well as baseline reactors (sealed container
with no support) were run in parallel to the MFCs at each temperature to assess the differences

between water treatment including electrochemical processes and conventional anaerobic
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droplets. The effects of interaction between droplets are taken into account based on the
experimentally determined corrections to Nusselt and Sherwood numbers. It is pointed out that
the interactions between droplets lead to noticeable reduction of their heating in the case of
ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets, and reduction of their cooling
in the case of acetone. Although the trends of experimentally observed droplet temperatures and
radii are the same as predicted by the model taking into account the interaction between droplets,
the actual values of the predicted droplet temperatures can differ from the observed ones by up to

about 8 K, and the actual values of the predicted droplet radii can differ from the observed ones by ~
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the microwave-assisted CO, reforming of CH4
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Abstract

Abstract

In this work, various carbon materials were studied as catalysts/microwave receptors for the CO,
reforming of the CH, reaction. Carbon materials with a different textural development
(metallurgical coke, activated carbons, re-activated carbon) were selected as catalysts in order to
determine the role of porosity and pore size in dry reforming. Microporosity was found to be
necessary for a good performance of the carbon catalysts. An activated carbon and an oxidized

activated carbon were compared in order to evaluate the influence of oxygen surfac@i===s):YYel'l®®;
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Abstract

Abstract

Conventional fossil diesel fuel and renewable diesel fuel based on hydrotreated vegetable oils
(HVO) were compared regarding the oxidation characteristics of the generated soot particulate.
The comparison was performed by utilizing a high-temperature oxidation tandem differential
mobility analyser in which monodisperse soot aerosol was first selected and then heated in a high-
temperature furnace. The particle size reduction caused by oxidation during the furnace treatment
was then measured as a function of furnace temperature. The results indicate that soot oxidation is
very similar between the studied fuels. This is supported by the obtained HR-TEM images and

EELS-spectra which were practically indistinguishable between different fuels and engine
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Abstract

A novel technology to mitigate the climate changes and improve energy security is Pressurized
Entrained flow High Temperature Black Liquor Gasification (PEHT-BLG) in combination with an
efficient fuel synthesis using the resulting syngas. In order to optimise the technology for use in a
pulp and paper mill based biorefinery, it is of great importance to understand how the operational
parameters of the gasifier affect the product gas composition. The present paper is based on
experiments where gas samples were withdrawn from the hot part of'a 3 MW entrained flow
pressurized black liquor gasifier of semi industrial scale using a high temperature gas sampling

system. Specifically, the influence of process conditions on product gas composition (CO,, CO, Hy,

CH. H-C and OO\ were avamined hy ecvctematically varvina the aneratinnal narameterce: cvctem
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FFA which cannot be converted to biodiesel using an alkaline catalyst due to the formation of soap.

Therefore, the FFA level should be reduced to desired level (below 1%) by using acid catalyst before
transesterification. For this aim, sulfuric, hydrochloric and sulfamic (amidosulfonic) acids were

used for pretreatment reactions and the variables affecting the FFA level including alcohol molar

ratin arid catalvet amanint and reacrtinn Hime were invectiagated hv 1icina the chiclren fat wnth
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Ash deposition during the co-firing of bituminous coal with pine sawdust and olive stones
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Abstract

Abstract

This article describes an experimental study on ash deposition during the co-firing of bituminous
coal with pine sawdust and olive stones in a laboratory furnace. The main objective of this study
was to relate the ash deposit rates with the type of biomass burned and its thermal percentage in
the blend. The thermal percentage of biomass in the blend was varied between 10% and 50% for
both sawdust and olive stones. For comparison purposes, tests have also been performed using
only coal or only biomass. During the tests, deposits were collected with the aid of an air-cooled
deposition probe placed far from the flame region, where the mean gas temperature was around

640 °C. A number of deposit samples were subsequently analyzed on a scanning electron
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Abstract

Abstract

In the mezcal industry, the xerophyte Agave salmiana is used to produce mezcal, and neither the
plant nor its residues have been studied before as an alternative source of fuel. Bagasse and wasted
fibers samples from alcoholic beverage production were collected in order to find out their
properties as fuel. Another sample consists in pyrolyzed bagasse at 450 °C to produce carbon. DSC
results revealed differences in the heat of combustion values, where pyrolyzed bagasse (19.36 MJ/kg)
had a higher value than bagasse (9.55 MJ/kg) or the fiber (8.4 MJ/kg). SEM images showed the
morphological changes in the fibers after their processing. TGA analysis showed the presence of

different alcohols impregnated on the bagasse, which allows for an increase in heat of combustion.

With theca nraliminary raciiltc it ran he cean that it ic nncecihle +n 11ce the hvnradiicrte aenerated hy

Short communication O Abstract only

Drag coefficient of Solid Recovered Fuels (SRF)
Gregory Dunnu, Jérg Maier, Uwe Schnell, Giinter Scheffknecht
Pages 4053-4057

o Purchase PDF Article preview A

Abstract

Abstract

FEEDBACK CJ

https://www.sciencedirect.com/journal/fuel/vol/89/issue/12 34/36



4/23/2021 Fuel | Vol 89, Issue 12, Pages 3613-4062 (December 2010) | ScienceDirect.com by Elsevier

Fuel

Supports open access

Articles & Issues ~  About -  Publish v Q_  Search in this journal

Letters to the Editor

Correspondence O No access
Photographic records of volatile release in the rapid heating of Victorian brown coals

J.C. Jones
Page 4058

¥, Purchase PDF

Correspondence O No access
The composition of syngas from coal-biomass gasification

J.C. Jones
Page 4059

¥, Purchase PDF

Correspondence O No access
Thermocouple signals from a fluidised bed reactor

J.C. Jones
Page 4060

¥, Purchase PDF

Correspondence O No access

The possible importance of solubility parameter in carbon dioxide sequestration in coal

mines

J.C. Jones
FEEDBACK CJ

https://www.sciencedirect.com/journal/fuel/vol/89/issue/12 35/36



4/23/2021 Fuel | Vol 89, Issue 12, Pages 3613-4062 (December 2010) | ScienceDirect.com by Elsevier

Fuel

Supports open access

Articles & Issues ~  About -  Publish v Q_  Search in this journal

ISSN: 0016-2361
Copyright © 2021 Elsevier Ltd. All rights reserved

Copyright © 2021 Elsevier B.V. or its licensors or contributors. &RELXTM

ScienceDirect @ is a registered trademark of Elsevier B.V.

ELSEVIER

FEEDBACK CJ

https://www.sciencedirect.com/journal/fuel/vol/89/issue/12 36/36



9/13/2020 Fuel | Vol 89, Issue 12, Pages 3613-4062 (December 2010) | ScienceDirect.com by Elsevier

ScienceDirect
Fuel 9.1 5.578
Supports open access CiteScore Impact Factor

Latest issue All issues eoe

Search in this journal

Volume 89, Issue 12
Pages 3613-4062 (December 2010)

~, Download full issue

< Previous vol/issue Next vol/issue >

Receive an update when the latest issues in this journal are published

Full text access

Editorial Board

https://www.sciencedirect.com/journal/fuel/vol/89/issue/12#article-1 1/36


https://www.sciencedirect.com/journal/fuel/vol/89/issue/11
https://www.sciencedirect.com/journal/fuel/vol/90/issue/1
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Ffuel%2Fvol%2F89%2Fissue%2F12%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S0016236110004618
https://www.sciencedirect.com/
https://www.sciencedirect.com/journal/fuel
https://www.sciencedirect.com/journal/fuel
https://www.elsevier.com/about/open-science/open-access
https://www.editorialmanager.com/JFUE/default.aspx
https://www.elsevier.com/journals/fuel/0016-2361/guide-for-authors
https://www.sciencedirect.com/journal/fuel/vol/285/suppl/C
https://www.sciencedirect.com/journal/fuel/issues

9/13/2020 Fuel | Vol 89, Issue 12, Pages 3613-4062 (December 2010) | ScienceDirect.com by Elsevier
Page IFC

. Download PDF

Full Papers

Research article O Abstract only
Enhanced Hg?* removal and Hg® re-emission control from wet fuel gas desulfurization

liquors with additives
Tingmei Tang, Jiang Xu, Rongjie Lu, Jingjing Wo, Xinhua Xu
Pages 3613-3617

¥, Purchase PDF Article preview A

Abstract

PLOULPILALT dyUTUUD 11g 111 SLULUIAICU UCSULLULIZAUULL SULULIULLS, 1 11C CLICULS UL ULE PLELLPILLUL >
dosing quantity, the initial pH value, the reaction temperature, the concentrations of Cl~ and other
metal ions (e.g. Cu?* and Pb?*) on Hg?* removal were studied. A linear relationship was observed
between Hg?* removal efficiency and the increasing precipitator’s doses along with initial pH. The
addition of chloride and metal ions impaired the Hg?* removal from solutions due to the
complexation of C1~ and Hg?* as well as the chelating competition between Hg?* and other metal
ions. Based on a comprehensive comparison of the treatment effects, DT'CR was found to be the
most effective precipitating agent. Moreover, all the precipitating agents were potent enough to
inhibit Hg?* reduction as well as Hg? re-emission from FGD liquors. More than 90% Hg?* was

captured by precipitating agents while Hg?* reduction efficiency decreased from 54% to just less
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Abstract

The present study employed ultrasonic mixing and closed microwave irradiation to assist
transesterification of soybean oil. The purpose was to obtain the optimal ultrasonic mixing and closed
microwave irradiation procedure. The optimal reaction conditions including amount of catalyst used,
reaction temperature and methanol/oil molar ratio were also investigated to achieve the highest
possible conversion rate of biodiesel. Results showed that the optimal procedure involved 1-min
ultrasonic mixing and 2-min closed microwave irradiation. The optimal reaction conditions that can
reach 97.7% of conversion rate were amount of catalyst used, 1.0 wt%; reaction temperature, 333 K;

and methanol/oil molar ratio, 6:1.
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higher than that of USA coals. PGEs in oil shale samples from the Shengli River area are
characterized by high Pd (average 0.82 ng/g), Os (average 0.15 ng/g) and Pt (average 0.66 ng/g)
contents compared with Ru (average 0.05 ng/g), Rh (average 0.05 ng/g) and Ir (average 0.02 ng/g).
Distribution patterns of individual PGEs are not uniform in the Shengli River oil shale section.
The lower marl layer is characterized by the highest Ru and Rh concentrations, whereas the upper
marl layer is characterized by the highest Os and Ir concentrations. The highest Pt and Pd

concentrations are found in the lower and upper parts of oil shale seams, respectively.

The individual PGEs in the oil shale samples from the Shengli River area exhibit various modes of

occurrence. Ru is mainly present in P-bearing minerals and partly associated with the clay and Ca-
v
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Abstract

A novel technique of flyash utilization was presented and mullite ceramics were prepared from
flyash and desilication-flyash. The effect of desilication process was analyzed and the result shows
that the only difference between flyash and desilication-flyash lies in the silica content, which is
caused by the removal of silicate glassy phase during the desilication process. The physical and
mechanical properties of flyash sample and desilication-flyash samples were measured. All results
indicate that the desilication-flyash is more suitable to be used to prepare the mullite ceramics
than flyash. The inner structure of flyash particle was first discovered, which can help us form a
new description of the flyash particle and finally benefit the utilization of flyash. Lath-like mullite

crystals appeared in high-iron samples and needle-like mullite crystals were observed in low-iron
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oil were tested, varying engine load from 9.6 to 35.7 kW. Specific fuel consumption (SFC) and the
exhaust concentrations of carbon dioxide (CO,), carbon monoxide (CO), and hydrocarbons (HC)

were evaluated. The engine was kept with its original settings for diesel oil operation. The results

showed increased fuel consumption with higher biodiesel concentration in the fuel. Soybean
biodiesel blends showed lower fuel consumption than castor biodiesel blends at a given
concentration. At low and moderate loads, CO emission was increased by nearly 40% and over 80%

when fuel blends containing 35% of castor oil biodiesel or soybean biodiesel were used,
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respectively, in comparison with diesel oil. With the load power 0f 9.6 kW, the use of fuel blends

containing 20% of castor oil biodiesel or soybean biodiesel increased HC emissions by 16% and -
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Abstract

In this study, the Euler-Euler (E-E) and Euler-Lagrange (E-L) models designed for the same chemical
mechanism of heterogeneous reactions were used to predict the performance of a typical sudden-
expanding coal combustor. The results showed that the current E-E model underestimated the coal
burnout rate because the particle temperature fluctuation on char combustion is not adequately
considered. A comparison of the E-E and E-L simulations showed the underestimation of

heterogeneous chemical reaction rates by the E-E model.
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is a one-dimensional, two-phase (bubble and emulsion), two-zone (bottom dense bed and upper

freeboard), steady state model. The model is based on global reaction kinetic, mass and energy

balances and is capable of predicting temperature, solid hold ups and gas concentration along the
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reactor’s major axis. The overall model has sub-models to deal with biomass pyrolysis, gasification,
bed hydrodynamics, material classification and property calculation. A sub-model for tar
generation and cracking is included in this study. The model is capable of dealing with wide
variety of biomasses and fluidizing agents, i.e. air, oxygen, steam or a mix of these gases. Results
show that during devolatilization step, gases release and mixing are sensitive and critical

parameters. They have a strong influence on the overall performance of a gasifier. A comparison
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performed, 8 months after the publication of ASTM D7467. Measured blend levels were not
consistent in stations where pump labels indicate specific biodiesel blend levels. Fatty acid methyl
ester (FAME) analyses revealed that majority of the samples are soybean oil-based (SBO) biodiesel.
Full compliance with the ASTM D7467 requirements for kinematic viscosity and flash point (FP)
were observed with the biodiesel blends; all but one for cetane number (CN). Barely half of the
samples were able satisfy the total acid number (TAN) specification with select samples reflecting as
high as 1.6 mg KOH/g. The most pressing is that only 45% were able to meet the 6 h induction
period (IP) requirement; out of those that did not qualify 42% are even low blends hinting the

degraded quality of the biodiesel component. Inconsistencies on the expected correlations of the
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fly ash. The specific surface area of the fly ash increased from 8.8 to 32.5 m?/g after treated with i
sulfuric acid. The modification of the fly ash also resulted in the mobilization of acid-soluble metal
ions due to partial or complete dissolution of the metals under the acidic conditions. Both
adsorption and precipitation contributed to the removal of phosphate by the modified fly ash but
precipitation was a major mechanism of phosphate removal. The experimental results showed that
adsorption of phosphate by the modified fly ash was rapid, the removal percentage of phosphate
could reach maximum in 5 min. In the range of 5-9, pH did not significantly affect the removal of
phosphate and the removal percentage of phosphate increased with the increase of adsorbent

v

dosage. The adsorption of phosphate by the modified fly ash could be described well by Langmuir
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Abstract

The use of methyl acetate instead of methanol for supercritical synthesis of glycerol-free biodiesel
from vegetable oils is a new process and its study is very limited in the literature. In this work, it
has been tested for the first time on three edible and non-edible oils with different fatty acid
composition. The process was also applied to waste oil with higher free fatty acid (FFA) content.
The results demonstrate that the oil composition does not significantly influence the biodiesel

yield.

The influence of temperature, pressure and molar ratio of reactants was studied. All the oils

achieved complete conversion after 50 min at 345 °C, 20 MPa with methyl acetate:oil molar ratio
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composition of the feedstock materials. This formulation method is widely used in investigations
using feedstock materials that almost completely react during processing. It is widely considered
that amorphous components of fly ash are the reactive components in the geopolymerisation
reaction. However, quantification of the amorphous components is challenging and generally
avoided with the concomitant problem that the formulation is far from optimum. For the work
presented here, the composition of the amorphous part is determined accurately and this
information utilised to synthesise geopolymers. The bulk composition is first determined using X-
ray fluorescence spectroscopy (XRF) and then the amorphous composition determined using XRF

and quantitative X-ray diffraction (QXRD). Formulating the mixture based on amorphous
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Abstract

In the current work the co-combustion of Solid Recovered Fuels’ (SRFs’) with brown coal in large
scale pulverised coal boilers under difterent operational conditions is numerically investigated. In
order to overcome the difficulty of the complex, inhomogeneous nature of waste recovered fuels,
SRF is modelled as a mixture of two different fractions, the biogenic and the plastic one. For each
fraction different combustion mechanisms are presented, whilst for the first time the proposed

https://www.sciencedirect.com/journal/fuel/vol/89/issue/12#article-1 8/36


https://www.sciencedirect.com/science/article/pii/S0016236110003789
https://www.sciencedirect.com/science/article/pii/S0016236110003789
https://www.sciencedirect.com/science/article/pii/S0016236110003777
https://www.sciencedirect.com/science/article/pii/S0016236110003777

9/13/2020 Fuel | Vol 89, Issue 12, Pages 3613-4062 (December 2010) | ScienceDirect.com by Elsevier
combustion mechanism of the plastic fraction is incorporated in a commercial CFD code and
validated against available experimental data. A 600 MW, brown coal boiler is simulated as a

reference and its operational characteristics are compared with parameterised scenarios of SRF co-
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concentration initially increased, reached a maximum value and then decreased with increasing
residence time when the heat loss was present. The similar variation was observed in changes in
the thermal NO concentration that was evaluated by only considering the reactions associated with
the thermal (Zeldovich) NO mechanism. With the heat loss increased, the calculated NO,
concentration was substantially reduced for all equivalence ratios investigated. In addition, the
reductions in the NO, concentration with respect to residence time became faster with increasing
the equivalence ratio particularly for fuel rich conditions. The observed variations in the calculated
NO, concentration over the residence time (NO,/7) were found to fit well to the following

correlation:In(NO,, /) = a(HLI) + b. In the correlation, HLI is the dimensionless heat loss
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Abstract

There are limited options available for compact small-scale biodiesel production equipment that
produces biodiesel of similar quality as that obtained from an industrial-scale production system.
The aim of'the present study was to evaluate equipment optimization for producing 40-200 L/day
of biodiesel. The equipment was used to produce biodiesel for personal consumption. The
produced biodiesel was tested in three microtractors, the principal agricultural machines used in
family farms in the Vale do Rio Pardo region of Southern Brazil. Our results demonstrated that the
equipment produced biodiesel of sufficient quality according to the limits established by the

Brazilian Petroleum National Agency (ANP). In conclusion, this biodiesel can be used in

mirratractare with little wear an enaine nartc
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Abstract

In this work it is reported a detailed investigation of the effect of different production protocols
based on alkaline ethanolysis on conversion yield of forage turnip, soybean, sunflower, and castor
oil into the respective biodiesel. Parameters such as catalyst contents, reaction times and
temperatures were evaluated. Additionally, it was also investigated the relationship between the
conversion yield and the chemical composition of the fatty acids in the feedstock. Conversion
yields ranging between 70% and 100% point out the viability of the production of biodiesel using
ethanol. Based on thermal analysis, sequential steps of weight loss were observed indicating that

biodiesel undergoes oxidative thermal decomposition with the elimination of different portions of’
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Abstract

In this work, the changes in electrical resistivities of a vacuum residuum are analyzed to determine
pyrolysis reaction rates at different temperatures during high temperature processing. Fractions of the
residual oil from vacuum distillation were treated at a constant and uniform temperature, and
electrical resistance was related to aromaticity. The results show that resistivity behaves like a first
order decay-like thermal cracking reaction. This method could replace chemical methods used to
determine the temperature necessary for thermal cracking reactions and the kinetic parameters of

heavy petroleum fractions.
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Abstract

The spray atomization and combustion characteristics of canola methyl ester (CME) biofuel are
compared to those of petroleum based No. 2 diesel fuel in this paper. The spray flame was
contained in an optically accessible combustor which was operated at atmospheric pressure with a
co-flow of heated air. Fuel was delivered through a swirl-type air-blast atomizer with an injector
orifice diameter of 300 pm. A two-component phase Doppler particle analyzer was used to measure
the spray droplet size, axial velocity, and radial velocity distributions. Radial and axial distributions
of NO, CO, CO, and O, concentrations were also obtained. Axial and radial distributions of flame
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temperature were recorded with a Pt-Pt/13%Rh (type R) thermocouple. The volumetric flow rates
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Abstract

In this paper we study the transient heat conduction in a piston of a diesel engine, subjected to a
periodic boundary condition on the surface in contact with the combustion gases. The heat
transfer coefficient at the top surface was modeled taking into account the temperature and
pressure inside the combustion chamber. Such instantaneous pressure was measured using a
special probe for an engine operating with several blends of diesel and biodiesel, and the
temperature was obtained through a First Law analysis. The physical properties, including the
cetane number were evaluated experimentally for all diesel/biodiesel blends used in this work. An

elliptic scheme of numerical grid generation was used, so that the irregular shaped piston in the
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Abstract

In this study, we investigated the activity of pre-sulfated 1%Pt-2%Sn/y-Al,O3 on the catalytic
abatement of the combustion emissions of three fuels: pure diesel E(0), pure bioethanol E(100) and
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bioethanol blended diesel containing 10% bioethanol E(10). The emissions generated, by each
blend combustion, were conducted continuously to the catalyst sample. The catalytic activity was
determined by following the evolution of the outflow emissions concentrations by FTIR gas
spectroscopy as a function of the catalyst temperature. Results showed that the addition of
bioethanol to diesel may be necessary to enhance the catalytic oxidation of diesel unburned

hydrocarbons and particulate matter on pre-sulfated 1%Pt-2%Sn/y-Al,Os.
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Abstract

A gas jet superposition model has been recently developed for computing group-hole nozzle sprays
in computational fluid dynamics (CFD) simulations. The objectives of this study are: (1) to perform
a systematic validation of the comprehensive spray model for group-hole nozzles using a broad
range of experimental data; (2) to analyze the dynamics and physical insight of group-hole nozzle
sprays based on the simulation results; and (3) to further clarify the impact of included-angle on
spray/mixture properties of group-hole nozzle sprays. An updated version of the KIVA-3V Release 2
code, which employs the Lagrangian-Drop Eulerian-Fluid (LDEF) methodology for numerical

calculation of two-phase flows, was used in the simulations. Diverging group-hole nozzles with
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Abstract

Abstract

Biomass is a clean and renewable energy source. The efficiency for biomass conversion using
conventional fuel conversion techniques, however, is constrained by the relatively low energy
density and high moisture content of biomass. This study presents the biomass direct chemical
looping (BDCL) process, an alternative process, which has the potential to thermochemically
convert biomass to hydrogen and/or electricity with high efficiency. Process simulation and
analysis are conducted to illustrate the individual reactor performance and the overall mass and
energy management scheme of the BDCL process. A multistage model is developed based on

ASPEN Plus® to account for the performance of the moving bed reactors considering the reaction
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Guindilla plants (Guindilia trinervis Gillies ex Hook. et Arn.) are small shrubs that grow wildly in the
mountains of Central Chile in soils and climates not suitable for agriculture. Whole guindilla seeds
contain 28-29% w/w oil. Cotyledons represent 45% w/w of the seed and contain 63-64% w/w oil.
Main unsaturated fatty acids are oleic (63% w/w), linoleic (8% w/w) and gadoleinic (9.5% w/w), while
main saturated fatty acids are palmitic (9.1% w/w) and stearic (3.1% w/w). The content of free fatty
acids was 0.06%. Transesterification reactions yielded a biodiesel with ester content >99%; cetane
number 59; oxidative stability at 110 °C, 18.9 h; kinematic viscosity at 40 °C, 4.867 mmz/s; cold filter

plugging point, CFPP + 4 °C; sulfur content 1.0 mg/kg; sulfated ash < 0.01% p/p; acid value
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Abstract

Abstract

Biodiesel was produced by ethanolysis of pure castor and soybean oils, and mixtures thereof, using
potassium hydroxide as catalyst. The yields and selectivities of these reactions were evaluated. The
results revealed that there was no appreciable substrate preference when the vegetable oils were
transesterified in admixture. However, higher reaction yields and increased efficiencies of the
purification process were directly correlated with the proportion of soybean oil present in the reaction

mixture.
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Abstract

Abstract

This paper presents a one-dimensional steady state mathematical model for the simulation of'a
small scale fixed-bed gasifier. The model is based on a set of differential equations describing the
entire gasification process of softwood pellets and is solved by a two step iterative method. The
main features of the model are: homogeneous and heterogeneous combustion and gasification
reactions, one-step global pyrolysis kinetics and drying, heat and mass transfer in the solid and gas
phases as well as between phases, heat loss, particle movement and shrinkage within the bed. The
pyrolysis model has been improved by partially cracking primary tar into lighter gases according to

experimental data. The model is used to simulate a laboratory scale fixed-bed updraft gasifier.
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Abstract

Abstract

The cetane number of a fuel is an important factor in determining the quality of ignition in
compression ignition (CI) engines. The significance of accurate measurement of cetane number
has become even greater since the use of alternative fuels and modern CI engines. In this work, the
comparison of different methods of cetane value measurement for fuels with different chemical
composition such as ultra low sulfur diesel (ULSD), synthetic jet fuel (S-8) and military grade jet
fuel (JP-8), trace amounts of additives and biodiesel blends under different conditions is reported.
The cetane index was calculated by ASTM D4737 and ASTM D976 and the derived cetane number

(DCN) was measured using an Ignition Quality Tester (IQT) as a basis of comparison with the
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Abstract

Abstract

An experimental study is conducted to evaluate the effects of using neat cottonseed oil or its neat
ME (methyl ester) bio-diesel, on the combustion behavior of a standard, high speed, direct

injection (HSDI), ‘Hydra’ diesel engine located at the authors’ laboratory. Combustion chamber and
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fuel injection pressure diagrams are obtained at medium and high load using a developed, high-
speed, data acquisition and processing system. A heat release analysis of the experimentally
obtained cylinder pressure diagrams is developed and used. Plots of histories in the combustion
chamber of the heat release rate and other related parameters reveal some interesting features,

which shed light into the combustion mechanism when using these bio-fuels. These results,
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Abstract

Abstract

The paper presents the experimental results obtained concerning performances and pollution of a
diesel engine fueled with diesel-biodiesel-ethanol blends compared with diesel fuel in laboratory
tests. The main properties of the researched fuels are presented within this paper, in comparison
with classical diesel fuel (chemical composition, density, kinematic viscosity, cold filter plugging
point, flash point). Engines’ performances were evaluated by determining the brake specific fuel
consumption and brake thermal efficiency. For pollution evaluation the emissions of CO, CO,,
NO,, HC and smoke have been measured. An increasing of brake specific fuel consumption has

been observed, especially at lower engines’ loads, with maximum 32.4%, reducing engine brake
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Abstract

Abstract

In the present study, biodiesel has been successfully produced from triglycerides and dimethyl
carbonate, instead of the conventional alcohol. In this non-catalytic supercritical dimethyl
carbonate (SCDMC) technology, valuable compound of glycerol carbonate is obtained as side
product, rather than the undesirable glycerol. Glycerol carbonate has higher commercial value
compared to glycerol and its application in industries is enormous. In this optimization study, the
effects of important parameters including reaction temperature, molar ratio of dimethyl carbonate
to oil and reaction time were investigated and optimized by employing response surface

methodology (RSM) analysis. It was found that the mathematical model developed was statistically
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Abstract

Abstract

The need for diversification of energy sources and reducing various emissions including CO,
emission in diesel engine can be met with alternative diesel fuels such as gas to liquid (GTL) and
GTL-biodiesel blends. But there should be a clear understanding of the combustion and engine-
out emission characteristics for alternative fuels. In this respect, an experimental study was
conducted on a 2.0 L 4 cylinders turbocharged diesel engine fuelled with those alternative diesel
fuels to investigate the engine-out emission characteristics under various steady-state engine
operating conditions. The results revealed that noticeable decreases in THC (22-56%) and CO (16—

52%) emissions for GTL-biodiesel blends were observed, whereas NOx emissions for GTL—
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Abstract

Abstract

The effect of three different membrane electrode assembly (MEA) fabrication techniques, catalyst-
coated substrate by direct spray (CCS) and catalyst-coated membrane by direct spray (CCM-DS) or
decal transfer (CCM-DT), on the performance of oxygen reduction in a proton exchange membrane
(PEM) fuel cell was carried out under identical conditions of Pt—Pd/C electrocatalyst loading. The
results indicated that the fabrication technique had only a very slight effect on the ohmic resistance
of the PEM fuel cell but it significantly affected the charge transfer resistance and open circuit
voltage (OCV). The cells prepared by the CCM method, and particularly by decal transfer, exhibited

a significantly higher OCV but a lower ohmic and charge transfer resistance compared with the
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Abstract

Abstract

An efficient solid Lewis acid, has been synthesized by loading cerium triflate (7 wt%) on the acid
activated fly ash with high silica content (81%). The physico-chemical properties of synthesized fly
ash-supported cerium triflate catalyst (CFT) were monitored by XRD, FT-IR spectroscopy, FT-IR
spectroscopy of the ammonia adsorbed catalyst, SEM-EDAX, TEM, Flame Atomic Absorption
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Spectrophotometer and TG-DTA study. The increased concentration of silica surface hydroxyl
groups on activated fly ash have a major influence on the loading of cerium triflate. The catalytic
activity of the catalyst CFT was tested in the acylation of veratrole using acetic anhydride as the

acylating agent. The proposed model structure of CFT shows that the triflate species withdraws the

v
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Abstract

Abstract

Previously water-in-octane nano-emulsions were prepared by mixed surfactant systems. In this
paper, a series of amphiphilic graft copolymers, namely poly (higher a-olefin-co-para-
methylstyrene)-grafi-poly(ethylene glycol) and poly (higher a-olefin-co-acrylic acid)-grafi-
poly(ethylene glycol), were used as additives to enhance the stability of these nano-emulsions.
Although the amphiphilic graft copolymers did not impact the average diameter of the water
droplets in these emulsions to a major extent, the stability of these emulsions were enhanced
significantly by the interaction between surfactants and amphiphilic graft copolymers.

Amphiphilic graft copolymers’ stabilizing capability depends on their chain structure and
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Abstract

Solid acid catalysts are normally used to catalyze the transesterification of oil with high free fatty
acid (FFA) to biodiesel. However, the immiscible phases of methanol-oil-catalyst in the initial
reaction mixture usually lead to slow reaction rate and long reaction time. One possible way to
overcome this limitation is by using co-solvent that has high solubility in oil and methanol.
Therefore, in the present study, the use of biodiesel as co-solvent for transesterification reaction
catalyzed by SO3~ /Sn0,-SiO; (solid acid catalyst) was investigated. It was found that with the use of
biodiesel as co-solvent, a high FAME yield of 88.2% (almost 30% higher than without using co-

solvent) can be obtained in a shorter reaction time (1.5 h) using the following reaction conditions;
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Abstract

Abstract

The effect of addition of trace amount of KOH as co-catalyst on low boiling point organic amine-
catalyzed transesterification for biodiesel production was investigated. Three different organic
amines, tri-ethylamine, di-ethylamine and tert-butylamine, were used as catalysts, and the
maximum amount of KOH that could be added to these organic amine-catalyzed systems was
367.1 mg/kg oil. Under such circumstance, KOH could be left in the resultant biodiesel and no
washing was needed to remove it as the concentration of K* in the biodiesel met EN 14214
standards. Addition of trace amount of co-catalyst KOH with an amount of 367.1 mg/kg oil

resulted in the organic amine-catalyzed transesterification under milder reaction conditions than
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passenger car operated over regulated and nonregulated driving cycles
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Abstract

Abstract

This study explores the impact of neat soy-based methyl ester and its 50% v/v blend with low
sulphur automotive diesel on PAH, nitro-PAH and oxy-PAH emissions of a Euro 2 compliant
diesel passenger car tested on a chassis dynamometer. Emission measurements were evaluated for
the certification NEDC, a hot-start UDC (urban part of NEDC) and the non-legislated Artemis
driving cycles which simulate urban, rural and highway driving conditions in Europe. Overall, 16
PAHs, 4 nitro-PAHs and 6 oxy-PAHs were determined in the exhaust. The results obtained,
showed that PAH emissions decreased with the addition of biodiesel during all driving modes.

However, their nitrated and oxygenated products were found to increase with biodiesel compared
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Abstract

Abstract

Super fine pulverized coal combustion is a new pulverized coal combustion technology which has
better stability, higher combustion efficiency and lower NO, and SO, emission than that using
conventional particle sizes. In this paper we applied fractal analysis based on power spectral
density (PSD) and slit island method (SIM), three-dimensional (3D) surface roughness
measurement and surface-topography observations from AFM to form a proper investigative tool
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which may give a relatively full picture of surface morphology of super fine pulverized coal
particles for the first time. The final results indicate that both fractal dimensions calculated by SIM

and PSD and roughness of coal particle size increase with the increase of the coal particle size.
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Abstract

Abstract

The objective of this study is to determine radiological characteristics of pulverized fly ash (PFA)
collected from the 15 coal-burning thermal power plants (TPPs) in operation by means of gamma
spectrometric technique and to assess the radiological impacts from the utilization of PFA samples
examined as filling and cover material in earthwork applications. Also, the annual effective doses
received by workers handling PFA and members of the public living in a house near the PFA
pile/landfill were estimated using methods specified in the Radiation Protection 122. The activity
concentrations of 22°Ra, 232Th and *°K measured in PFA samples were tabulated for each TPP. The

activity results show that Turkish PFA may have relatively high natural radioactivity content,
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Abstract

A two-stage equilibrium model applicable to the wide range of operating conditions is developed
to predict carbon conversion and composition of the product gas in an entrained-flow coal gasifier.
The model is composed of two separate stages including char-gasification and gas-phase reaction.
Carbon conversion is estimated in the first stage with solid—gas reactions, and then the product gas
composition is calculated from gas-phase reactions in the second stage. Water consumption
involved in the equilibrium reaction of the first stage is expressed as an exponential function of
temperature. The model is validated with experimental data taken from literatures. It is confirmed

that carbon conversion and product gas composition are influenced significantly by the oxygen to
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The process of torrefaction alters the physical properties of biomass, reducing its fibrous tenacious
nature. This could allow increased rates of co-milling and therefore co-firing in coal fired power
stations, which in turn would enable a reduction in the amount of coal used and an increase in the
use of sustainable fuels, without the need for additional plant. This paper presents an experimental
investigation of the pulverisation behaviour of two torrefied energy crops, namely: willow and
Miscanthus. A multifactorial method approach was adopted to investigate the three process
parameters of temperature, residence time and particle size, producing fuels treated using four

different torrefaction conditions. The untreated and torrefied fuels were subjected to standard fuel
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Effect of injection and ignition timings on performance and emissions from a spark-

ignition engine fueled with methanol
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Abstract

Abstract

Optimal injection and ignition timings and the effects of injection and ignition timings on
performance and emissions from a high-compression direct-injection stratified charge spark-
ignition methanol engine have been investigated experimentally. The results have shown that
direct-injection spark-ignition methanol engine, in which a non-uniform mixture with a stratified
distribution can be formed, has optimal injection and ignition timings to obtain a good
combustion and low exhaust emissions in the overall mode range. Both methanol injection timing
and ignition timing have a significant effect on methanol engine performance, combustion, and

exhaust emissions. At an engine speed of 1600 rpm, full load, and optimal injection and ignition
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Abstract

In this study, we carried out a direct numerical simulation of swirling jets to investigate the
temporal characteristics of coherent structures related to the vortex breakdown. The type of
coherent motion of oscillation, as a temporal characteristic of vortex breakdown, is observed
through the analysis of correlation functions. It indicates that the vortex breakdown is
accompanied with the resonance of fluctuations of flow velocity, pressure, vortices and etc.

Moreover, it is found that the coherent oscillation occurs only for the swirling flows with a high
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Abstract

This paper describes a study of the effects of hydrothermal dewatering of raw tropical peat from
Pontianak, West Kalimantan-Indonesia, on the amounts of organic compounds released into
wastewater and gaseous products. Hydrothermal upgrading and dewatering of the peat was carried
out in a batch-type autoclave reactor at temperatures between 150 and 380 °C at a maximum
pressure of 25.1 MPa for 30 min. It was found that the extent of decomposition of organics during

hydrothermal dewatering depended on temperature increase.

Wastewater from hydrothermal dewatering was found to contain organic carbon (TOC) ranging

from 800 ppm at low temperatures, to 7504 ppm at high temperatures. A number of sugars and -
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Co-pyrolysis of coal with waste plastic is increasingly being looked upon as a potential technique to

counter the present day challenges in energy and waste management by harnessing the multiple
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benefits associated with the same. In the present work, the kinetics of co-pyrolysis of waste LDPE
carried out with coal of Ledo origin from the coalfields of Assam (India) has been studied. A
thermo-gravimetric (TG) study of the co-pyrolysis has been carried out taking waste LDPE-coal
mixtures in ratios of'3:1, 1:1, and 1:3 by weight and at five varying heating rates from 5 to

25 K min~! with a 5 K increment. Experiments were also carried out for the individual components
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Abstract

The effect of ethanol on soot formation has been studied in turbulent spray flames of
gasoline/ethanol and gasoline—surrogate/ethanol mixtures containing 10%, 20% and 30% of
alcohol in volume. A hybrid burner specially designed to stabilize different liquid fuels flames with
identical hydrodynamic conditions has been used. Spatially resolved measurements of soot volume
fraction and of soot precursors concentration have been carried out by coupling Laser-Induced
Incandescence (LII) at 1064 nm and Laser-Induced Fluorescence (LIF) at 532 nm. Significant
reductions of the concentrations of soot and soot precursors have been observed when adding

ethanol to gasoline. A similar behaviour has been obtained with a gasoline-surrogate which has
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catalyzed by immobilized-lipase in solvent-free system
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Abstract

Abstract

The transesterification of palm oil and dimethyl carbonate (DMC) for preparing biodiesel has been
carried out at the catalysis of immobilized-lipase in solvent-free system. The components were all
confirmed by GC and GC-MS analysis. The fatty acid methyl esters (FAMEs) were analyzed with
internal standard method. The fatty acids glycerol carbonate esters (FAGCs) were characterized as
the intermediates. And, glycerol dicarbonate (GDC) was confirmed as the byproduct by comparing
with the model compound. Moreover, the effects of the reaction conditions (type of lipases, molar
ratio of DMC and palm oil, amount of catalyst, reaction temperature and time) on the yield of

FAME:s were investigated. The yield of FAMEs could reach 90.5% at 55 °C for 24 h with the molar
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Surface modification of high calcium fly ash for its application in oil spill clean up
O.K. Karakasi, A. Moutsatsou

Pages 3966-3970
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Abstract

Abstract

The present study aims at utilising an inorganic industrial by-product, high calcium fly ash
(HCFA), in an environmental field: oil spill clean up. Properties, such as fine particle size, floating
ability, hydrophobic character and porosity, make this material attractive for such a use. In order to
investigate the oil sorption behaviour of HCFA an oil spill has been simulated, by using artificial
ocean water and three types of oil (heating oil (HO), light cycle oil (LCO) and Iranian light crude oil
(ILCO)). Two HCFA samples, a Ca-rich one (AD) and a Si-rich one (M), have been examined, so as to
investigate the role of HCFA composition in its behaviour. The addition of HCFA to an oil spill

results in the formation of a semi-solid o0il-HCFA phase, allowing the quite total removal of oil
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Abstract

Abstract

Hydrodynamics of a continuous cocurrent two-phase upflow reciprocating plate reactor (RPR) for
homogeneously base-catalyzed methanolysis of sunflower oil was studied. Here, methanol
constituted the dispersed phase and sunflower oil was the continuous phase. The measurements
were performed in both the non-reactive (methanol-sunflower oil) and reactive (sunflower oil-
methanol-KOH) systems. The main goal was to define the effects of the vibration intensity and the
important reaction operating conditions on the pressure fluctuation at the reactor bottom, the
power consumption, the dispersed phase holdup, the Sauter-mean drop diameter and the specific

interfacial area. The power consumption under batch, single- and two-phase flow was proved to
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Effect of temperature on the performance of microbial fuel cells
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Abstract

Abstract

Single and double chamber microbial fuel cells (MFCs) were tested in batch mode at different
temperatures ranging from 4 to 35 °C; results were analysed in terms of efficiency in soluble
organic matter removal and capability of energy generation. Brewery wastewater diluted in
domestic wastewater (initial soluble chemical oxygen demand of 1200 and 492 mg L! of volatile
suspended solids) was the source of carbon and inoculum for the experiments. Control reactors
(sealed container with support for biofilm formation) as well as baseline reactors (sealed container
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with no support) were run in parallel to the MFCs at each temperature to assess the differences

between water treatment including electrochemical processes and conventional anaerobic
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Abstract
Abstract
The results of numerical and experimental studies of heating and evaporation of monodisperse
acetone, ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets in an ambient air of
fixed temperature and atmospheric pressure are reported. The numerical model took into account
the finite thermal conductivity of droplets and recirculation inside them based on the effective
thermal conductivity model and the analytical solution to the heat conduction equation inside
droplets. The effects of interaction between droplets are taken into account based on the
experimentally determined corrections to Nusselt and Sherwood numbers. It is pointed out that
the interactions between droplets lead to noticeable reduction of their heating in the case of’
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In this work, various carbon materials were studied as catalysts/microwave receptors for the CO,
reforming of the CH, reaction. Carbon materials with a different textural development
(metallurgical coke, activated carbons, re-activated carbon) were selected as catalysts in order to
determine the role of porosity and pore size in dry reforming. Microporosity was found to be
necessary for a good performance of the carbon catalysts. An activated carbon and an oxidized
activated carbon were compared in order to evaluate the influence of oxygen surface groups on the

catalytic activity of carbons for the dry reforming reaction. Oxidized carbons were found to be bad
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The comparison of particle oxidation and surface structure of diesel soot particles between

fossil fuel and novel renewable diesel fuel
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Abstract

Abstract

Conventional fossil diesel fuel and renewable diesel fuel based on hydrotreated vegetable oils
(HVO) were compared regarding the oxidation characteristics of the generated soot particulate.
The comparison was performed by utilizing a high-temperature oxidation tandem differential
mobility analyser in which monodisperse soot aerosol was first selected and then heated in a high-
temperature furnace. The particle size reduction caused by oxidation during the furnace treatment
was then measured as a function of furnace temperature. The results indicate that soot oxidation is
very similar between the studied fuels. This is supported by the obtained HR-TEM images and

EELS-spectra which were practically indistinguishable between difterent fuels and engine
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Abstract

Abstract

Performance and emission characteristics of compression ignition engines depend strongly on
inner nozzle flow and spray behavior. These processes control the fuel air mixing, which in turn is
critical for the combustion process. The differences in the physical properties of petrodiesel and
biodiesel are expected to significantly alter the inner nozzle flow and spray structure and, thus, the
performance and emission characteristics of the engine. In this study, the inner nozzle flow
dynamics of these fuels are characterized by using the mixture-based cavitation model in FLUENT
v6.3. Because of'its lower vapor pressure, biodiesel was observed to cavitate less than petrodiesel.

Higher viscosity of biodiesel resulted in loss of flow efficiency and reduction in injection velocity.
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Experimental investigation of an industrial scale black liquor gasifier. 1. The effect of

reactor operation parameters on product gas composition
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Pages 4025-4034
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Abstract

Abstract

A novel technology to mitigate the climate changes and improve energy security is Pressurized
Entrained flow High Temperature Black Liquor Gasification (PEHT-BLG) in combination with an
efficient fuel synthesis using the resulting syngas. In order to optimise the technology for use in a
pulp and paper mill based biorefinery, it is of great importance to understand how the operational
parameters of the gasifier affect the product gas composition. The present paper is based on
experiments where gas samples were withdrawn from the hot part of a 3 MW entrained flow
pressurized black liquor gasifier of semi industrial scale using a high temperature gas sampling

system. Specifically, the influence of process conditions on product gas composition (CO,, CO, H,,
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Abstract

Abstract

In biodiesel production, to use low cost feedstock such as rendered animal fats may reduce the
biodiesel cost. One of the low cost animal fats is the chicken fat for biodiesel production. It is
extracted from feather meal which is prepared from chicken wastes such as chicken feathers, blood,
offal and trims after rendering process. However, chicken fats often contain significant amounts of
FFA which cannot be converted to biodiesel using an alkaline catalyst due to the formation of soap.
Therefore, the FFA level should be reduced to desired level (below 1%) by using acid catalyst before
transesterification. For this aim, sulfuric, hydrochloric and sulfamic (amidosulfonic) acids were

used for pretreatment reactions and the variables affecting the FFA level including alcohol molar
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Abstract

Abstract

This article describes an experimental study on ash deposition during the co-firing of bituminous
coal with pine sawdust and olive stones in a laboratory furnace. The main objective of this study

was to relate the ash deposit rates with the type of biomass burned and its thermal percentage in
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the blend. The thermal percentage of biomass in the blend was varied between 10% and 50% for
both sawdust and olive stones. For comparison purposes, tests have also been performed using

only coal or only biomass. During the tests, deposits were collected with the aid of an air-cooled
deposition probe placed far from the flame region, where the mean gas temperature was around

640 °C. A number of deposit sambles were subseauentlv analvzed on a scanning electron
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Bagasse from the mezcal industry as an alternative renewable energy produced in arid
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Pages 4049-4052
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Abstract

Abstract

In the mezcal industry, the xerophyte Agave salmiana is used to produce mezcal, and neither the
plant nor its residues have been studied before as an alternative source of fuel. Bagasse and wasted
fibers samples from alcoholic beverage production were collected in order to find out their
properties as fuel. Another sample consists in pyrolyzed bagasse at 450 °C to produce carbon. DSC
results revealed differences in the heat of combustion values, where pyrolyzed bagasse (19.36 MJ/kg)
had a higher value than bagasse (9.55 MJ/kg) or the fiber (8.4 MJ/kg). SEM images showed the
morphological changes in the fibers after their processing. TGA analysis showed the presence of

different alcohols impregnated on the bagasse, which allows for an increase in heat of combustion.
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Abstract

Abstract

The numerical simulation of Solid Recovered Fuels (SRF) co-combustion in pulverised coal power
plants requires a flexible particle model, which among other properties should be able to predict
the aerodynamic behaviour of the irregular-shaped particles, especially their trajectories along the
boiler axis. This will help to provide vital information on whether the SRF particles are entrained
in the combustion gases or drop to the boiler bottom. One difficulty encountered in the process is
the true value of the drag coefficient (Cp) of the coarse SRF particles. Most of the numerical
simulation codes calculate the particle trajectories by integrating the force balance of the particles

in which the Cp plays an important role. As a result, a true Cp of SRF will definitely lead to more
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The results of numerical and experimental studies of heating and evaporation of monodisperse acetone,
ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets in an ambient air of fixed tempera-
ture and atmospheric pressure are reported. The numerical model took into account the finite thermal
conductivity of droplets and recirculation inside them based on the effective thermal conductivity model
and the analytical solution to the heat conduction equation inside droplets. The effects of interaction
between droplets are taken into account based on the experimentally determined corrections to Nusselt
and Sherwood numbers. It is pointed out that the interactions between droplets lead to noticeable reduc-
tion of their heating in the case of ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets,
and reduction of their cooling in the case of acetone. Although the trends of experimentally observed
droplet temperatures and radii are the same as predicted by the model taking into account the interaction
between droplets, the actual values of the predicted droplet temperatures can differ from the observed
ones by up to about 8 K, and the actual values of the predicted droplet radii can differ from the observed
ones by up to about 2%. It is concluded that the effective thermal conductivity model, based on the ana-
lytical solution to the heat conduction equation inside droplets, can predict the observed average temper-
ature of droplets with possible errors not exceeding several K, and observed droplet radii with possible
errors not exceeding 2% in most cases. These results allow us to recommend the implementation of this
model into CFD codes and to use it for multidimensional modelling of spray heating and evaporation
based on these codes.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

effective thermal conductivity (ETC) model [14]) were taken into
account by incorporating the analytical solution to the heat con-

The practical importance of accurate and computer efficient
modelling of fuel droplet heating and evaporation in engineering
applications is universally recognised (e.g. [1-3]). In most compu-
tational fluid dynamics (CFD) codes, this heating has been mod-
elled assuming that there is no temperature gradient inside
droplets (e.g. [4]). This assumption contradicts direct measure-
ments of the temperature distribution inside droplets [5,6]. Bertoli
and na Migliaccio [7] were perhaps the first to draw attention to
the fact that taking into account the temperature gradient inside
droplets can considerably increase the accuracy of the CFD model-
ling of combustion processes in Diesel engines. The analysis by
these authors was based on the numerical solution of the heat con-
duction equation inside droplets. An alternative approach was sug-
gested and developed in [8-13]. In these papers both finite liquid
thermal conductivity and recirculation inside droplets (via the

* Corresponding author. Tel.: +44 1273 642677, fax: +44 1273 642301.
E-mail address: S.Sazhin@brighton.ac.uk (S.S. Sazhin).

duction equation inside the droplet into the numerical scheme.
This approach was shown to be considerably more efficient (from
the points of view of both accuracy and computer efficiency) than
the one used in [7].

The preliminary validation of the model developed in [8-12]
against published experimental data was reported in [9]. This val-
idation, however, was limited to the comparison of predicted and
calculated droplet diameters or global characteristics such as the
ignition delay. A more direct validation of the model, based on
the comparison of the predictions of the model and the results of
simultaneous measurement of average temperatures and diame-
ters of monodisperse monocomponent droplets, was reported in
[6]. The latter comparison, however, was limited to just two sub-
stances: ethanol and acetone in two different experimental condi-
tions. The aim of this paper is to perform a comparison between
the predictions of the model and experimental data, similar to
the one reported in [6] but for a wider range of substances and dif-
ferent experimental conditions. The substances to be considered

0016-2361/$ - see front matter Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.fuel.2010.06.017
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are: acetone, ethanol, 3-pentanone, n-heptane, n-decane and n-
dodecane. The experimental data used in our analysis are the same
as earlier reported in [15]. These data were used in [15] for valida-
tion of the model different from the one developed in [8-12] (see
[16,17]). Hence, this paper is complementary to both earlier pub-
lished papers [6,15].

The model used in our analysis is briefly summarised in Section 2.
The formulae derived earlier will be simplified, where possible, and
presented in the format actually used in the numerical code. The
experimental setup is briefly described in Section 3. In Section 4
the predictions of the model are compared with experimental data.
The main results of the paper are summarised in Section 5.

2. Model

In the case when the convection heat transfer coefficient
h(t) = h = const, the solution of the transient heat conduction
equation with Ry = const and the corresponding boundary and ini-
tial conditions, applied to a small time step At = t; — t, gives the
following value of temperature at the end of the time step t; [8]:

TR, t;) = % i An SIN(ZnR/Rg) + Tefe (t1), (1)
n=1

where:
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a set of positive eigenvalues /, numbered in ascending order
(n=1,2,...) is found from the solution of the following equation
J.cos A+ hgsini = 0. If To(R) is twice continuously differentiable,
then the series in (1) converges absolutely and uniformly for all
t >0 and R € [0,R;]. When deriving (2) we assumed that the
changes of % during the time step can be ignored. Ten terms in
the series (1) were used in calculations. The effective thermal con-
ductivity model was used in the case when the internal recircula-
tion inside droplets is accounted [14]. The actual change of
droplet radius is calculated as:

Ry = Rar + R, 3)

where Ryr is the change of droplet radius due to thermal expansion.
The value of Ry is controlled by fuel vapour diffusion from the drop-
let surface. It can be found from equation [11]:

fig = 4TR3R 4P, = —27PgDraRySho In(1 + Byy), (4)

where py is the average gas density (the contribution of fuel vapour
to pg has been ignored), Dy, is the binary diffusion coefficient of fuel
vapour in air (see [12]), Shy = 2h;;R4/Dr, is the Sherwood number of
non-evaporating droplets, h,, is the mass transfer coefficient.
By = (Y — Ys)/(1 = Yg) is the Spalding mass transfer number, Y
and Yy, are the mass fractions of vapour near the droplet surface
and at large distances from the droplet respectively. They are calcu-
lated from the Clausius-Clapeyron equation [19].

The Abramzon and Sirignano [14] model for the Sherwood and
Nusselt numbers has been used. The values of the transport coeffi-
cients were taken for air at the temperature [11,18]: Ty =
Ty + (T — Ts)/3. The contribution of fuel vapour to the transport
properties of air and the effects of droplets on air were ignored.

3. Experimental setup

Droplet diameters and average temperatures were measured
using the experimental setup at the University of Nancy, which is
described in a number of papers and theses, including [15-17].
This will be only briefly summarised below.

Linear monodisperse droplet streams are generated by Rayleigh
disintegration of a liquid jet undergoing vibrations generated in a
piezoelectric ceramic. The fuel is pre-heated in the injector by
means of externally heated circulating water. The temperature of
the fuel is measured exactly at the injection point with a K type
thermocouple situated within the injector body. For specific fre-
quencies of forced mechanical vibration, the liquid jet breaks up
into equally spaced and monosized droplets. By adjusting the li-
quid flow rate and the piezoceramic frequency, it is possible to in-
crease the droplet spacing up to about six times the droplet
diameter. This, however, is accompanied by a modification of drop-
let sizes. The droplets are then injected into an enclosure fed with
hot air coming from an electrical heater. In order to limit the ther-
mal losses, a resistive electrical wire is inserted within the enclo-
sure wall so that the wall temperature can be regulated to match
that of the entering air. A temperature of up to 673 K could be
reached. Destabilization of the droplet stream by the air motion
can be a critical issue in this experiment. The air velocity is there-
fore maintained at between 0.1 and 0.3 m/s and the air flow is qui-
etened by forcing it to go through a drilled wall and metallic foam.
The problem of vapour saturation must be considered carefully due
to the moderate movement of the air and the finite dimension of
the chamber which has an inner diameter of 10 cm and a height
of 14 cm. An estimate of the diffusion length L; can be obtained
considering diffusivity Dg, is of the order of 10~> m?/s and maximal
diffusion duration t is equal to 25 ms. The latter corresponds to the
time required for a droplet to be transported through the enclo-
sure. Based on these data we have L; = v/Dgt ~ 0.5 mm which is
negligible compared to the inner radius of the enclosure. This en-
sures non-saturated conditions. Additionally, glass windows have
been mounted in the wall to provide optical access. The two-colour
laser-induced thermometry [20] is used to characterize the droplet
temperature. The method involves the seeding of the liquid fuel
with a small quantity of a fluorescent tracer, pyromethene 597-
C8. The ratio of the fluorescence intensity detected on two spectral
bands is a function of the temperature regardless of laser intensity,
time-dependent tracer concentration, and measurement volume
[21]. The velocity of the droplets is measured by Laser Doppler
Velocimetry using the same laser light source as for the fluores-
cence excitation. The droplet size reduction is determined using
the light scattering in the forward direction, where a stationary
interference pattern is created. The measurement of the angular
interfringe provides an accurate measurement of the droplet
diameter.

Six liquid fuels were tested: acetone, ethanol, 3-pentanone,
n-heptane, n-decane and n-dodecane. The approximations for the
binary diffusion coefficients for each are given and discussed in
Appendix A. Other physical properties of n-heptane and n-
dodecane were assumed to be the same as in [12] (most of these
properties were approximated using data from [22,23]). The phys-
ical properties of n-decane were taken to be the same as in [24],
while the properties of acetone, ethanol and 3-pentanone were
taken from [17,22,25].
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An investigation of a number of droplet streams was performed.
The temperature, velocity and diameter of the droplets were mea-
sured simultaneously at each measurement point. The periodicity
of the droplets in the chain and the steady-state nature of their
stream allowed us to convert the droplet distance from the injector
into time. In our analysis, we focused on the evolution of droplets’
temperatures and radii, starting from the moment when the first
droplet was observed near the entrance to the enclosure. By plac-
ing a thermocouple at different locations it was established that air
temperature T, did not vary inside the chamber. Hence, it was con-
sidered to be constant during each experiment in our modelling.
The droplet absolute velocities were approximated as linear func-
tions of time (measured from the moment of injection):

Vg = U1 — ot (3)

where constants »; and v, were determined for each experiment,
alongside the ratios Nu, = Nu/Nujs, and Sh,, = Sh/Sh;,, describing
the effects of interaction between droplets in the stream, where
the subscript i, refers to isolated droplets. The error of determina-
tion of v, is comparable with the ambient air velocities up to 0.3 m/
s. This justifies our assumption that the absolute droplet velocities,
estimated by Eq. (5), are equal to droplet velocities relative to ambi-
ent air. These velocities are used for the estimation of the Nusselt
and Sherwood numbers for isolated droplets.

The values of the Nusselt and Sherwood numbers were esti-
mated based on simultaneous measurements of droplet sizes and
mean temperatures. These measurements allowed us to evaluate
heat fluxes responsible for droplet heating and evaporation rates.
These rates, alongside the measured time evolution of droplet
mean temperatures, were used for the estimate of the convective
heat flux, responsible for droplet heating, and mass flux of fuel va-
pour leaving the droplet. The main difficulty in converting these
estimates into the estimates of the Nusselt and Sherwood numbers
relates to the fact that the surface droplet temperatures Ts; were
not directly measured and had to be estimated. This issue is ad-
dressed in [15,17], where an iterative approach based on a simpli-
fied analysis of the energy balance of evaporation was used. After
the droplet surface temperatures were estimated, the values of

Table 1

the Nusselt and Sherwood numbers were derived from the esti-
mated heat and mass fluxes. Using the values of these numbers
for isolated droplets, calculated from the Abramzon and Sirignano
[14] model, the values of Nu, and Sh,, presented in Table 1, were
calculated.

Three experiments were performed with each fuel, except 3-
pentanone, for which only two experiments were performed. The
values of T,, distance parameter C (ratio of the distance between
droplets and their diameters), initial droplet diameters D,y (mea-
sured directly when the first droplets near the entrance to the
enclosure were observed), Nu,, Sh,, 7; and v, for each experiment
are presented in Table 1, alongside boiling and critical tempera-
tures (T, and T.) for each substance [22]. The values of C are shown
to indicate the closeness of droplets in our experiments. In contrast
to [6] they were not used to estimate Nusselt and Sherwood
numbers.

The uncertainties in the measurement of the droplet diameters
are expected to be about +0.5 pm in most cases and the uncertain-
ties in the temperature measurements are expected to be about
+1 K. Depending on the fuel and the experimental conditions, the
uncertainties in the estimates of Sh, and Nu, are expected to be
between 2% and 25% [15]. However, in the case of n-decane and
n-dodecane, which have particularly low volatility, the mass loss
due to evaporation was so low that it was not possible to deter-
mine accurately a value for Sh,. Therefore, for these cases, the val-
ues of Sh, were not estimated experimentally and we assumed
them to be equal to Nu,.

4. Results

The plots of temperature versus time for Case 1 for acetone and
n-heptane, calculated using our model and obtained in the exper-
iment are shown in Figs. 1 and 2. The values of parameters shown
in Table 1 were used in calculations. The calculations were per-
formed ignoring the interactions between droplets (indicated by
subscript j50) and taking them into account, based on the values
of Sh,, and Nu, given in Table 1. Time in all figures is measured
from the moment of injection.

The values of Tq, C, Dgo, Nu,, Shy,, 77 and v, for three experiments with acetone, ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets (abbreviated as acet, ethan,
3-pen, n-hep, n-dec and n-dod). The droplet velocities in m/s are approximated as vy = v; — v,t, where t is in ms. In the case of n-decane and n-dodecane, the values of Sh, were

not estimated experimentally, but assumed to be equal to Nu,.

Case Parameter Acet Ethan 3-Pen n-Hep n-Dec n-Dod
Ty (K) 329.22 351.80 375.14 371.57 477.30 489.48
T (K) 508.10 513.92 561.50 540.20 617.70 658.00

1 Tq (K) 640 643 634 644 643 643

1 C 4.5 43 4.9 4.4 3.7 4.6

1 Dgo (1m) 122.6 119.6 118.2 131.1 1215 110.0

1 Nu, 0.42 0.26 0.23 0.38 0.18 0.19

1 Sh, 043 0.38 0.53 0.57 0.18 0.19

1 v1 (m/s) 11.16 9.869 10.86 12.8 9.59 9.246

1 vy (m/(s-ms) 0.198 0.214 0.254 0.329 0.220 0.281

2 Tq (K) 645 643 645 645 645 644

2 C 5.5 6.1 4.0 53 4.4 6.9

2 Dyo (um) 132.2 130.28 123.3 134.2 128.37 129.0

2 Nu, 0.43 0.42 0.22 0.35 0.24 0.22

2 Sh, 0.42 0.82 0.33 0.84 0.24 0.22

2 v1 (m/s) 14.12 12.64 9.454 15.44 11.88 13.14

2 v, (m/(s - ms) 0.276 0.268 0.224 0.446 0.329 0.573

3 Ta (K) 647 644 n/a 647 647 643

3 C 33 3.1 n/a 3.8 5.4 3.0

3 Dyo (um) 107.2 112.4 n/a 122.8 124.8 98.99

3 Nu, 0.35 0.36 n/a 0.28 0.18 0.22

3 Sh, 0.26 0.38 n/a 0.50 0.18 0.22

3 v1 (m/s) 7.122 6.889 n/a 10.56 13.55 6.091

3 v, (m/(s - ms) 0.113 0.123 n/a 0.244 0.307 0.218
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Fig. 1. Plots of the time evolution of the experimentally observed temperatures of
acetone droplets for Case 1, and temperatures at the surface of these droplets (Ts),
average temperatures in the droplets (T,,) and the temperatures at the centre of the
droplets (T.), predicted by the models ignoring the interactions between droplets
(indicated by the subscript j5,), and taking into account these interactions. The input
parameters of the models were taken from Table 1.

330 4 — o T e
Tsiso) Tavliso) Te(iso) R
— S —_— lav _— c - -
325 - _--"
. -~ L= -
®  Experiment - -
320 4
Z 315 4
s
310 A
305 +
300 T T T T 1
3 4 5 6 7 8

Time (ms)

Fig. 2. The same as Fig. 1 but for n-heptane droplets.

The calculations started at the time when the droplets were first
observed near the entrance to the chamber. The observed temper-
atures and radii of these droplets were used as the initial temper-
atures and radii in the model. It was assumed that initially there
was no temperature gradient inside droplets.

As follows from Figs. 1 and 2, the plots referring to interacting
and non-interacting (isolated) droplets are noticeably different
for both substances. Similarly, the plots referring to the tempera-
tures at the centres of the droplets, average temperatures, and
the temperatures at the surfaces of the droplets are well separated.
This result is similar to the one reported in [6], and it shows the
limitation of the assumption, which is widely used in CFD codes,
that the gradient of temperature inside droplets can be ignored.

The observed temperatures of acetone droplets, shown in Fig. 1,
look rather different from the ones predicted by the model. Note,
however, that the difference between the average temperature,
predicted by the model, taking into account the interaction be-
tween droplets (T, ), and the experimentally observed tempera-
tures is always less than 1K, and can be naturally attributed to
the uncertainty of the measurements, and uncertainties of the in-
put parameters used in calculations.

In the case of n-heptane and n-dodecane droplets, the closeness
between the experimentally observed temperatures and T,, was

the most visible, compared with other droplets. The best matching
between the experimentally observed temperatures and T,, can be
seen for n-heptane, as shown in Fig. 2. However, even in this case,
the actual deviation between these temperatures sometimes ex-
ceeds 1 K. This means that the model cannot predict the observed
average droplet temperatures with errors less than about 1 K. For
both these substances, the experimentally observed temperatures
always lie between the temperatures T, and T, predicted by the
model, taking into account the interaction between droplets.

In the case of ethanol droplets the experimentally observed
temperatures were closer to the ones predicted by the model, tak-
ing into account the interaction between droplets, than the one
ignoring this interaction. However, the deviation between the
experimental points and T,, for these droplets (up to about 3 K)
was larger than in the case of acetone, n-heptane and n-dodecane
droplets. The temperatures for 3-pentanone and n-decane were
generally similar to those for ethanol, with the maximal deviation
between the experimental points and T,, about 3 K for 3-penta-
none and about 6 K for n-decane.

The plots of normalised droplet radii Ry/Rq4 versus time for Case
1 for all six substances, calculated using our model and obtained in
the experiment, are shown in Figs. 3 and 4. The initial values of
droplet radii were taken to be equal to those for the droplets for
which the first measurements of droplet temperature were taken.

When calculating the time evolution of Ry, both droplet evapo-
ration and thermal expansion were taken into account based on Eq.
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Fig. 3. Plots of the time evolution of the experimentally observed and modelled
normalised droplet radii Ry/Rq for acetone, ethanol and 3-pentanone droplets for
Case 1. Models ignoring the interactions between droplets (indicated by the
subscript is0), and taking into account these interactions, were used. The input
parameters of the models were taken from Table 1.
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Fig. 4. The same as Fig. 3 but for n-heptane, n-decane and n-dodecane droplets.
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(3). The values of parameters used for these calculations are given
in Table 1. As follows from these figures, the plots referring to
interacting and non-interacting droplets are noticeably different
for all substances, as for the temperature plots shown in Figs. 1
and 2. Note that in contrast to [15] we presented the plots of the
ratios of radii rather than the ratios of radii squared. The latter
would have been justified if the analysis had been focused on drop-
let evaporation beyond the heat-up period, when the d*-law is va-
lid. In our case, however, the focus is on the heat-up period itself
(cf. [26]).

As follows from Figs. 3 and 4, the effects of interaction between
droplets lead to a decrease in the rate of reduction of their radii in
the case of acetone, ethanol, 3-pentanone and n-heptane, but to a
slowing down of the increase of these radii in the case of n-decane
and n-dodecane. In the latter case, the effect of the thermal expan-
sion of droplets dominates over the effects of evaporation. In the
case of ethanol, 3-pentanone, n-heptane and n-decane the agree-
ment between experimental plots and predictions of the model,
taking into account the interaction between droplets, looks almost
ideal. However, for acetone and n-dodecane the experimental data
lie between the predictions of the models ignoring the interaction
between droplets and taking them into account. Even in the case of
these two substances, the deviation between the experimental re-
sults and the predictions of the model, taking into account the
interaction between droplets, does not exceed about 2%.

For the results referring to Cases 2 and 3 we restricted our anal-
ysis to comparison of the experimental data with the average tem-
peratures and R;/Rqo predicted by the model taking into account
the interaction between droplets, as was done in [15]. Instead of
the actual droplet average temperatures T, studied for Case 1, the
analysis for Cases 2 and 3 is focused on the difference between
these temperatures and the initial droplet temperatures To. The
corresponding plots for T — T, versus time for Case 2 for all six sub-
stances are shown in Fig. 5. As follows from this figure, although
the trends predicted by the model are similar to the ones observed
experimentally, there are noticeable deviations between the actual
values of predicted and observed average droplet temperatures.
The maximal deviation between them is seen for n-decane and
n-dodecane droplets. The minimal deviation between them is seen
for 3-pentanone droplets.

The plots of Ry/Ry versus time for Case 2 for the same sub-
stances as in Fig. 5, are shown in Fig. 6. As one can see from this
figure, the trends predicted by the model are similar to the ones
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Fig. 5. Plots of the time evolution of the experimentally observed droplet
temperatures T — To, where Ty are the initial droplet temperatures, and the average
temperatures of droplets, predicted by the model taking into account the
interaction between droplets. The results for acetone, ethanol, 3-pentanone, n-
heptane, n-decane and n-dodecane droplets for Case 2 are shown. The input
parameters of the models were taken from Table 1.
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Fig. 6. The same as Fig. 5 but for Ry/Ryo.

observed experimentally, but there are noticeable deviations be-
tween the observed and predicted values of this ratio, as in the case
of Fig. 5. The maximal deviation between these ratios (up to almost
2%) is seen for acetone droplets. The minimal deviation between
these ratios is seen for 3-pentanone droplets. Hence, for Case 2
the best agreement between experimental and modelled results
for both temperatures and radii is observed for 3-pentanone
droplets.

The plots for T — T, versus time for Case 3 for acetone, ethanol, n-
heptane, n-decane and n-dodecane (there is no data for 3-pentanone
for Case 3) are shown in Fig. 7. As one can see from this figure, the
agreement between experimental and modelled results is very good
for acetone, while the deviation between the experimentally
observed temperatures and those predicted by the model could
reach more than about 5 K for ethanol and n-dodecane (although
the observed and predicted trends for both substances are the
same). The plots of R;/Ry4 versus time for Case 3 for the same
substances as in Fig. 7, are shown in Fig. 8. As can be seen from this
figure, the best agreement between experimental and modelled re-
sults can be seen for n-decane and n-heptane, and the worst for ace-
tone and n-dodecane. However, even in the case of acetone and n-
dodecane, both experimental and modelled results show the same
trends and the deviation between them does not exceed 2%.

Several factors are expected to contribute to the difference be-
tween the modelled results presented in this paper and ones re-
ported in [15,17]. Some approximations for transport coefficients
used in this paper are different from those used in [15,17]. We used
the time-averaged values of Nu, and Sh,, while both these param-
eters varied with time.
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Fig. 7. The same as Fig. 5 but for Case 3, except without the results for n-pentanone.
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Fig. 8. The same as Fig. 7 but for Ry/Rq.

5. Conclusions

Heating and evaporation of monodisperse acetone, ethanol, 3-
pentanone, n-heptane, n-decane and n-dodecane droplets in ambi-
ent air at fixed temperature and atmospheric pressure have been
studied numerically and experimentally. Droplet initial diameters
varied from 99 to 135 pm, while ambient air temperatures varied
from 634 to 647 K. The numerical model took into account the fi-
nite thermal conductivity of droplets and recirculation inside them
based on the effective thermal conductivity model and the analyt-
ical solution to the heat conduction equation inside droplets. The
initial values of droplet temperatures and radii were assumed to
be equal to those observed experimentally for the first recorded
droplet. It was assumed that initially there was no temperature
gradient inside droplets.

It is pointed out that the interactions between droplets lead to
noticeable reduction of their heating in the case of ethanol, 3-
pentanone, n-heptane, n-decane and n-dodecane droplets, and
enhancement of their cooling in the case of acetone. The interac-
tion between droplets leads to a decrease in the rate of reduction
of their radii in the case of acetone, ethanol, 3-pentanone and n-
heptane, but to a slowing down of the increase of these radii in
the case of n-decane and n-dodecane. In the latter case, the effect
of the thermal expansion of droplets dominates over the effects
of evaporation.

Although the trends of experimentally observed droplet tem-
peratures and radii are the same as predicted by the model taking
into account the interaction between droplets, the values of the
predicted droplet temperatures can differ from the observed ones
by up to about 8 K, and the actual values of the predicted droplet
radii can differ from the observed ones by up to about 2%.

Combining the above results and those reported previously in
[6] we can conclude that the effective thermal conductivity model,

Table A1

based on the analytical solution to the heat conduction equation
inside droplets, can predict the observed average temperature of
droplets with possible errors not exceeding several K, and observed
droplet radii with possible errors not exceeding 2% in most cases.
These results confirm our previous conclusion (see [9,10,12]) that
this model can be recommended for implementation in CFD codes
and used for multidimensional modelling of spray heating and
evaporation based on these codes.
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Appendix A. Binary diffusion coefficient for fuel vapour

The binary diffusion coefficient for all fuels was estimated using
the following equation [27]:

1 1 1
Dr, = 1.8583 x 1077 T3(—+—)7*, Al
Fa My " M) po2,Qp(TY) (A1)

where D, is in m?/s, p is in atm (1 atm=0.101 MPa), T is in K,
0r = 0.5(0F + 04) is the minimal distance between molecules in
Angstrom, Qg is the collision integral, the value of which depends
on the normalised temperature T* = Tkp/€, kg is the Boltzmann con-
stant, € = \/€r€,; the subscript , indicates air. Note that the formula
for the binary diffusion coefficient used in [22] differs from the one
presented above in terms of the value of the coefficient (they used
1.8623 instead of 1.8583). The difference between the values of this
coefficient predicted by two formulae (0.2%) can be safely ignored
in most practical applications. Note that there is a typo in Eq. (B5)
of [12]. o, =3.617 Angstrom, €,/ks = 97.0K (Table E.1 in [27]).
The values of these parameters and molar masses for acetone, eth-
anol, n-heptane, 3-pentanone and n-dodecane are given in Table A1.

There is some controversy regarding the values of or and €r/kp
for n-heptane and n-dodecane. We used the data leading to the
best fit with experimental data. These are indicated by * in the
€r/kg column.

Once the value of T* had been found, the collision integral Qg,
could be obtained from Table E.2 [27]. However, we found it more
convenient to use the analytical approximation of Qg, given by Eq.
(E.2-2) of [27]).

For the binary diffusion coefficient of n-decane (C;oH,;) we used
the following approximation [24]:

_ 76 1 T
Dy =546 x 1015 (ﬁ)’ (A2)

where p is in atm, as in Eq. (A1).

The values of o, €¢/ks and molar masses for acetone, ethanol, n-heptane, 3-pentanone and n-dodecane, as inferred from various sources.

Fuel Reference Formula of in Angstrom €r/kg in K Molar mass in kg/kmole
Acetone [22] C3HgO 4.600 560.2 58.080

Ethanol [22] C,HgO 4.530 362.6 46.069

n-Heptane [28,22] C7Hy6 5.949 399.3* 100.204

n-Heptane [27] C7Hy6 6.663 352 100.20

n-Heptane [29,22] C7Hq6 6.498 455.04 46.069

3-Pentanone [28,22] CsH;00 4.22 351.562 86.134

n-Dodecane [28,22] Ci2Has 9.37 245.0 170.338

n-Dodecane [29,22] CioHyg 6.5972 454.6768* 170.338

Data indicated by * in the €r/kg column were used in our analysis.
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The results of numerical and experimental studies of heating and evaporation of monodisperse acetone,
ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets in an ambient air of fixed tempera-
ture and atmospheric pressure are reported. The numerical model took into account the finite thermal
conductivity of droplets and recirculation inside them based on the effective thermal conductivity model
and the analytical solution to the heat conduction equation inside droplets. The effects of interaction
between droplets are taken into account based on the experimentally determined corrections to Nusselt

:gi—;“::;sr and Sherwood numbers. It is pointi ut that the interactions between droplets lead to noticeable reduc-
Heal?ing tion of their heating in the case of ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets,
Evaporation and reduction of their cooling in the case of acetone. Although the trends of experimentally observed

Fuels droplet temperatures and radii are the same as predicted by the model taking into account the interaction
between droplets, the actual values of the predicted droplet temperatures can differ from the observed
ones by up to about 8 K, and the actual values of the predicted droplet radii can differ from the observed
ones by up to about 2%, It is concluded that the effective thermal conductivity model, based on the ana-
lytical solution to the heat conduction equation inside droplets, can predict the observed average temper-
ature of droplets with possible errors not exceeding several K, and observed droplet radii with possible
errors not exceeding 2% in most cases. These results allow us to recommend the implementation of this
model into CFD codes and to use it for multidimensional modelling of spray heating and evaporation

Monodisperse spray

based on these codes.

Crown Copyright @ 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

The practical importance of accurate and computer efficient
modelling of fuel droplet heating and evaporation in engineering
applications is universally recognised (e.g. [ 1-3]). In most compu-
tational fluid dynamics (CFD) codes, this heating has been mod-
elled assuming that there is no temperature gradient inside
droplets (e.g. [4]). This assumption contradicts direct measure-
ments of the temperature distribution inside droplets [5,6]. Bertoli
and na Migliaccio [7] were perhaps the first to draw attention to
the fact that taking into account the temperature gradient inside
droplets can considerably increase the accuracy of the CFD model-
ling of combustion processes in Diesel engines. The analysis by
these authors was based on the numerical solution of the heat con-
duction equation inside droplets. An alternative approach was sug-
gested and developed in [8-13]. In these papers both finite liquid
thermal conductivity and recirculation inside droplets (via the

* Corresponding author. Tel.: +44 1273 642677; fax: +44 1273 642301,
E-mail address: S.Sazhin@brighton.ac.uk (5.5, Sazhin).

effective thermal conductivity (ETC) model [14]) were taken into
account by incorporating the analytical solution to the heat con-
duction equation inside the droplet into the numerical scheme.
This approach was shown to be considerably more efficient (from
the points of view of both accuracy and computer efficiency) than
the one used in [7].

The preliminary validation of the model developed in [8-12]
against published experimental data was reported in [9]. This val-
idation, however, was limited to the comparison of predicted and
calculated droplet diameters or global characteristics such as the
ignition delay. A more direct validation of the model, based on
the comparison of the predictions of the model and the results of
simultaneous measurement of average temperatures and diame-
ters of monodisperse monocomponent droplets, was reported in
|6]. The latter comparison, however, was limited to just two sub-
stances: ethanol and acetone in two different experimental condi-
tions. The aim of this paper is to perform a comparison between
the predictions of the model and experimental data, similar to
the one reported in [6] but for a wider range of substances and dif-
ferent experimental conditions. The substances to be considered

0016-2361/8 - see front matter Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.fuel 201006.017
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are: acetone, ethanol, 3-pentanone, n-heptane, n-decane and n-
dodecane. The experimental data used in our analysis are the same
as earlier reported in [15]. These data were used in [15] for valida-
tion of the model different from the one developed in [8-12] (see
[16,17]). Hence, this paper is complementary to both earlier pub-
lished papers [6,15].

The model used in our analysis is briefly summarised inSection 2.
The formulae derived earlier will be simplified, where possible, and
presented in the format actually used in the numerical code. The
experimental setup is briefly described in Section 3. In Section 4
the predictions of the model are compared with experimental data.
The main results of the paper are summarised in Section 5.

2. Model

In the case when the convection heat transfer coefficient
h{t) = h = const, the solution of the transient heat conduction
equation with Ry = const and the corresponding boundary and ini-
tial conditions, applied to a small time step At = £, — fy gives the
following value of temperature at the end of the time step t; [8]:

. Ra . ) ) \
T(R.t,) =2 > AuSin(i,R/Ry) + Ten(ty). (1)

n=1
where:
1y(to) sin A .1
Ay = ,,—!”{Uﬁ" exp [~ Kozt
“I,-""l “n °
sin 4, dpu{r]‘
Kol wall "2y A0 iy

(1 —exp [~KoiL(t: —to)]), (2)

. hT.g(0Ry . s 1 hg
f)=— h = (hRy k) — 1, =14 .
Hy (L) k o = (hRy/ki) llall™ = 5 +h§+£ﬁ
k LR
Ko = J.. Terr=Tg+pJ d.
cipiRg h
1
q":%/ rTolr Ry) sin(r A,)dr,
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a set of positive eigenvalues 7, numbered in ascending order
(n=1,2,...) is found from the solution of the following equation
Ac0si+ hgsinz = 0. If Tg(R) is twice continuously differentiable,
then the series in (1) converges absolutely and uniformly for all
t =0 and Re [0, R]. When deriving (2) we assumed that the
changes of% during the time step can be ignored. Ten terms in
the series (1) were used in calculations. The effective thermal con-
ductivity model was used in the case when the internal recircula-
tion inside droplets is accounted [14]. The actual change of
droplet radius is calculated as:

u= R + R e

where Ryr is the change of droplet radius due to thermal expansion.
The value of Ry is controlled by fuel vapour diffusion from the drop-
let surface. It can be found from equation [11]:

iy = 4TR3R e p; = —27Pg DeaRySha In(1 + Bug), (4)

where p, is the average gas density (the contribution of fuel vapour
to g, has been ignored), D, is the binary diffusion coefficient of fuel
vapour in air (see [12]), Shy = 2h,,Ry /D, is the Sherwood number of
non-evaporating droplets, h, is the mass transfer coefficient.
By = (Y — Y. )/(1 —Yg) is the Spalding mass transfer number, Y,
and Yy are the mass fractions of vapour near the droplet surface
and at large distances from the droplet respectively. They are calcu-
lated from the Clausius-Clapeyron equation [19].

The Abramzon and Sirignano [14] model for the Sherwood and
Nusselt numbers has been used. The values of the transport coeffi-
cients were taken for air at the temperature [11,18]: Ty =
T, + (Ty — T)/3. The contribution of fuel vapour to the transport
properties of air and the effects of droplets on air were ignored.

3. Experimental setup

Droplet diameters and average temperatures were measured
using the experimental setup at the University of Nancy, which is
described in a number of papers and theses, including [15-17].
This will be only briefly summarised below.

Linear monodisperse droplet streams are generated by Rayleigh
disintegration of a liquid jet undergoing vibrations generated in a
piezoelectric ceramic. The fuel is pre-heated in the injector by
means of externally heated circulating water. The temperature of
the fuel is measured exactly at the injection point with a K type
thermocouple situated within the injector body. For specific fre-
quencies of forced mechanical vibration, the liquid jet breaks up
into equally spaced and monosized droplets. By adjusting the li-
quid flow rate and the piezoceramic frequency, it is possible to in-
crease the droplet spacing up to about six times the droplet
diameter. This, however, is accompanied by a modification of drop-
let sizes. The droplets are then injected into an enclosure fed with
hot air coming from an electrical heater. In order to limit the ther-
mal losses, a resistive electrical wire is inserted within the enclo-
sure wall so that the wall temperature can be regulated to match
that of the entering air. A temperature of up to 673 K could be
reached. Destabilization of the droplet stream by the air motion
can be a critical issue in this experiment. The air velocity is there-
fore maintained at between 0.1 and 0.3 m/s and the air flow is qui-
etened by forcing it to go through a drilled wall and metallic foam.
The problem of vapour saturation must be considered carefully due
to the moderate movement of the air and the finite dimension of
the chamber which has an inner diameter of 10 cm and a height
of 14 cm. An estimate of the diffusion length L, can be obtained
considering diffusivity Dy, is of the order of 10~° m?/s and maximal
diffusion duration t is equal to 25 ms. The latter corresponds to the
time required for a droplet to be transported through the enclo-
sure. Based on these data we have [; = +/Dgf = 0.5 mm which is
negligible compared to the inner radius of the enclosure. This en-
sures non-saturated conditions. Additionally, glass windows have
been mounted in the wall to provide optical access. The two-colour
laser-induced thermometry [20] is used to characterize the droplet
temperature. The method involves the seeding of the liquid fuel
with a small quantity of a fluorescent tracer, pyromethene 597-
(8. The ratio of the fluorescence intensity detected on two spectral
bands is a function of the temperature regardless of laser intensity,
time-dependent tracer concentration, and measurement volume
[21]. The wvelocity of the droplets is measured by Laser Doppler
Velocimetry using the same laser light source as for the fluores-
cence excitation. The droplet size reduction is determined using
the light scattering in the forward direction, where a stationary
interference pattern is created. The measurement of the angular
interfringe provides an accurate measurement of the droplet
diameter. 1

Six liquid fuels were tested: acetone, ethanol, 3-pentanone,
n-heptane, n-decane and n-dodecane. The approximations for the
binary diffusion coefficients for each are given and discussed in
Appendix A. Other physical properties of n-heptane and n-
dodecane were assumed to be the same as in [12] (most of these
properties were approximated using data from [22,23]). The phys-
ical properties of n-decane were taken to be the same as in [24],
while the properties of acetone, ethanol and 3-pentanone were
taken from [17,22,25].
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An investigation of a number of droplet streams was performed.
The temperature, velocity and diameter of the droplets were mea-
sured simultaneously at each measurement point. The periodicity
of the droplets in the chain and the steady-state nature of their
stream allowed us to convert the droplet distance from the injector
into time. In our analysis, we focused on the evolution of droplets’
temperatures and radii, starting from the moment when the first
droplet was observed near the entrance to the enclosure. By plac-
ing a thermocouple at different locations it was established that air
temperature T, did not vary inside the chamber. Hence, it was con-
sidered to be constant during each experiment in our modelling.
The droplet absolute velocities were approximated as linear func-
tions of time (measured from the moment of injection):

vy = vy — tut, (5)

where constants ¢, and v, were determined for each experiment,
alongside the ratios Nu,, = Nu/Nu;,, and Sh, = Sh/Sh,,, describing
the effects of interaction between droplets in the stream, where
the subscript ., refers to isolated droplets. The error of determina-
tion of v, is comparable with the ambient air velocities up to 0.3 m/
s. This justifies our assumption that the absolute droplet velocities,
estimated by Eq. (5), are equal to droplet velocities relative to ambi-
ent air. These velocities are used for the estimation of the Nusselt
and Sherwood numbers for isolated droplets.

The values of the Nusselt and Sherwood numbers were esti-
mated based on simultaneous measurements of droplet sizes and
mean temperatures. These measurements allowed us to evaluate
heat fluxes responsible for droplet heating and evaporation rates.
These rates, alongside the measured time evolution of droplet
mean temperatures, were used for the estimate of the convective
heat flux, responsible for droplet heating, and mass flux of fuel va-
pour leaving the droplet. The main difficulty in converting these
estimates into the estimates of the Nusselt and Sherwood numbers
relates to the fact that the surface droplet temperatures T, were
not directly measured and had to be estimated. This issue is ad-
dressed in [15,17], where an iterative approach based on a simpli-
fied analysis of the energy balance of evaporation was used. After
the droplet surface temperatures were estimated, the values of

Table 1

the Nusselt and Sherwood numbers were derived from the esti-
mated heat and mass fluxes. Using the values of these numbers
for isolated droplets, calculated from the Abramzon and Sirignano
[14] model, the values of Nu, and Sh,, presented in Table 1, were
calculated.

Three experiments were performed with each fuel, except 3-
pentanone, for which only two experiments were performed. The
values of T,, distance parameter C (ratio of the distance between
droplets and their diameters), initial droplet diameters Dy, (mea-
sured directly when the first droplets near the entrance to the
enclosure were observed), Nu,, Sh,, ¢ and »; for each experiment
are presented in Table 1, alongside boiling and critical tempera-
tures (T and T, ) for each substance [22]. The values of C are shown
to indicate the closeness of droplets in our experiments. In contrast
to [6] they were not used to estimate Nusselt and Sherwood
numbers.

The uncertainties in the measurement of the droplet diameters
are expected to be about +0.5 pun in most cases and the uncertain-
ties in the temperature measurements are expected to be about
+1 K. Depending on the fuel and the experimental conditions, the
uncertainties in the estimates of Sh, and Nu, are expected to be
between 2% and 25% [15]. However, in the case of n-decane and
n-dodecane, which have particularly low volatility, the mass loss
due to evaporation was so low that it was not possible to deter-
mine accurately a value for Sh,. Therefore, for these cases, the val-
ues of Sh, were not estimated experimentally and we assumed
them to be equal to Nu,,.

4. Results

The plots of temperature versus time for Case 1 for acetone and
n-heptane, calculated using our model and obtained in the exper-
iment are shown in Figs. 1 and 2. The values of parameters shown
in Table 1 were used in calculations. The calculations were per-
formed ignoring the interactions between droplets (indicated by
subscript ,,,,) and taking them into account, based on the values
of Sh, and Nu, given in Table 1. Time in all figures is measured
from the moment of injection.

The values of T,, C, Dy, Nu,, Sh,,  and v, for three experiments with acetone, ethanol, 3-pentanone, n-heptane, n-decane and n-dodecane droplets (abbreviated as acet, ethan,

3-pen, n-hep, n-dec and n-dod). The droplet velocities in m/s are approximated as v, = vy

not estimated experimentally, but assumed to be equal to Nu,.

s t, where t is in ms. In the case of n-decane and n-dodecane, the values of Sh, were

Case Parameter Acet Ethan 3-Pen n-Hep n-Dec n-Dod
T, (K) 32922 351.80 37514 S 7l | 477.30 489.48
T; (K} 508.10 513.92 561.50 540.20 617.70 658.00
1 T, (K) 640 643 634 G644 643 643
1 C 45 43 49 4.4 37 46
1 Dyg (pm) 122.6 119.6 1182 1311 1215 110.0
1 Nuy 0.42 0.26 023 0.38 018 0.19
1 Shy, 0.43 0.38 053 0.57 018 0.19
1 o (my's) 11.16 9.869 1086 12.8 959 0.246
1 oz (m/(s- ms) 0.198 0.214 0254 0.329 0220 0.281
2 Ta (K} 645 643 645 645 645 G644
2 C 5.5 6.1 4.0 53 44 6.9
2 Dyp (pm) 132.2 130.28 1233 134.2 12837 129.0
2 Muy, 0.43 0.42 022 0.35 024 022
2 Shy, 0.42 0.82 033 0.84 024 022
2 o (my's) 14.12 12.64 09.454 15.44 11.88 13.14
2 vz (m/ (s ms) 0.276 0.268 0224 0.446 0329 0.573
3 T, (K) 647 644 nfa 647 647 643
3 C 33 31 nfa 3.8 54 3.0
3 Dyy (pm) 107.2 112.4 nfa 122.8 1248 98.99
3 Muy, 0.35 0.36 nfa 0.28 018 022
3 Shy, 0.26 0.38 nfa 0.50 018 022
3 o (my's) 7.122 6.889 nfa 10.56 1355 6.091
3 vz (m/ (s ms) 0.113 0123 nfa 0.244 0307 0218
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Fig. 1. Plots of the time evolution of the experimentally observed temperatures of
acetone droplets for Case 1, and temperatures at the surface of these droplets (T.),
average temperatures in the droplets (T,,) and the temperatures at the centre of the
droplets (T:), predicted by the models ignoring the interactions between droplets
(indicated by the subscript ;. ), and taking into account these interactions. The input
parameters of the models were taken from Table 1.
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Fig. 2. The same as Fig. 1 but for n-heptane droplets.

The calculations started at the time when the droplets were first
observed near the entrance to the chamber. The observed temper-
atures and radii of these droplets were used as the initial temper-
atures and radii in the model. It was assumed that initially there
was no temperature gradient inside droplets.

As follows from Figs. 1 and 2, the plots referring to interacting
and non-interacting (isolated) droplets are noticeably different
for both substances. Similarly, the plots referring to the tempera-
tures at the centres of the droplets, average temperatures, and
the temperatures at the surfaces of the droplets are well separated.
This result is similar to the one reported in [6], and it shows the
limitation of the assumption, which is widely used in CFD codes,
that the gradient of temperature inside droplets can be ignored.

The observed temperatures of acetone droplets, shown in Fig. 1,
look rather different from the ones predicted by the model. Note,
however, that the difference between the average temperature,
predicted by the model, taking into account the interaction be-
tween droplets (T, ), and the experimentally observed tempera-
tures is always less than 1K, and can be naturally attributed to
the uncertainty of the measurements, and uncertainties of the in-
put parameters used in calculations.

In the case of n-heptane and n-dodecane droplets, the closeness
between the experimentally observed temperatures and T,, was

the most visible, compared with other droplets. The best matching
between the experimentally observed temperatures and T,, can be
seen for n-heptane, as shown in Fig. 2. However, even in this case,
the actual deviation between these temperatures sometimes ex-
ceeds 1 K. This means that the model cannot predict the observed
average droplet temperatures with errors less than about 1 K. For
both these substances, the experimentally observed temperatures
always lie between the temperatures T, and T,, predicted by the
model, taking into account the interaction between droplets.

In the case of ethanol droplets the experimentally observed
temperatures were closer to the ones predicted by the model, tak-
ing into account the interaction between droplets, than the one
ignoring this interaction. However, the deviation between the
experimental points and T,, for these droplets (up to about 3 K)
was larger than in the case of acetone, n-heptane and n-dodecane
droplets. The temperatures for 3-pentanone and n-decane were
generally similar to those for ethanol, with the maximal deviation
between the experimental points and T,, about 3 K for 3-penta-
none and about 6 K for n-decane.

The plots of normalised droplet radii Ry/R4 versus time for Case
1 for all six substances, calculated using our model and obtained in
the experiment, are shown in Figs. 3 and 4. The initial values of
droplet radii were taken to be equal to those for the droplets for
which the first measurements of droplet temperature were taken.

When calculating the time evolution of Ry, both droplet evapo-
ration and thermal expansion were taken into account based on Eq.

1.02 4
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Fig. 3. Plots of the time evolution of the experimentally observed and modelled
nomalised droplet radii Ry/Ry for acetone, ethanol and 3-pentanone droplets for
Case 1. Models ignoring the interactions between droplets (indicated by the
subscript i), and taking into account these interactions, were used. The input
parameters of the models were taken from Table 1.
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Fig. 4. The same as Fig. 3 but furgleptane. n-decane and n-dodecane droplets.
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(3). The values of parameters used for these calculations are given
in Table 1. As follows from these figures, the plots referring to
interacting and non-interacting droplets are noticeably different
for all substances, as for the temperature plots shown in Figs. 1
and 2. Note that in contrast to [15] we presented the plots of the
ratios of radii rather than the ratios of radii squared. The latter
would have been justified if the analysis had been focused on drop-
let evaporation beyond the heat-up period, when the d*-law is va-
lid. In our case, however, the focus is on the heat-up period itself
(cf. [26]).

As follows from Figs. 3 and 4, the effects of interaction between
droplets lead to a decrease in the rate of reduction of their radii in
the case of acetone, ethanol, 3-pentanone and n-heptane, but to a
slowing down of the increase of these radii in the case of n-decane
and n-dodecane. In the latter case, the effect of the thermal expan-
sion of droplets dominates over the effects of evaporation. In the
case of ethanol, 3-pentanone, n-heptane and n-decane the agree-
ment between experimental plots and predictions of the model,
taking into account the interaction between droplets, looks almost
ideal. However, for acetone and n-dodecane the experimental data
lie between the predictions of the models ignoring the interaction
between droplets and taking them into account. Even in the case of
these two substances, the deviation between the experimental re-
sults and the predictions of the model, taking into account the
interaction between droplets, does not exceed about 2%.

For the results referring to Cases 2 and 3 we restricted our anal-
ysis to comparison of the experimental data with the average tem-
peratures and R;/Ry predicted by the model taking into account
the interaction between droplets, as was done in [15]. Instead of
the actual droplet average temperatures T, studied for Case 1, the
analysis for Cases 2 and 3 is focused on the difference between
these temperatures and the initial droplet temperatures Ty The
corresponding plots for T — T, versus time for Case 2 for all six sub-
stances are shown in Fig. 5. As follows from this figure, although
the trends predicted by the model are similar to the ones observed
experimentally, there are noticeable deviations between the actual
values of predicted and observed average droplet temperatures.
The maximal deviation between them is seen for n-decane and
n-dodecane droplets. The minimal deviation between them is seen
for 3-pentanone droplets.

The plots of Ry /R4 versus time for Case 2 for the same sub-
stances as in Fig. 5, are shown in Fig. 6. As one can see from this
figure, the trends predicted by the model are similar to the ones

5 _ — Acetone + +
— Ethanal % L
—— 3-Pentanone a -
20 = = « n-Decane . . P
— = n-Heptane g ‘___4""
15 n-Dodecane L~
)
P_O
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0 X T Xt
2 4 [ 8 10
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Fig. 5. Plots of the time evolution of the experimentally observed droplet
temperatures T — Ty, where Ty are the initial droplet temperatures, and the average
temperatures of droplets, predicted by I:heﬁudel taking into account the
interaction between droplets. The results for acetone, ethanol, 3-pentanone, n-
heptane, n-decane and n-dodecane droplets for Case 2 are shown. The input
parameters of the models were taken from Table 1.
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Fig. 6. The same as Fig. 5 but for B /Raq.

observed experimentally, but there are noticeable deviations be-
tween the observed and predicted values of this ratio, as in the case
of Fig. 5. The maximal deviation between these ratios (up to almost
2%) is seen for acetone droplets. The minimal deviation between
these ratios is seen for 3-pentanone droplets. Hence, for Case 2
the best agreement between experimental and modelled results
for both temperatures and radii is observed for 3-pentanone
droplets.

The plots for T — Ty versus time for Case 3 for acetone, ethanol, n-
heptane, n-decane and n-dodecane (there is no data for 3-pentanone
for Case 3) are shown in Fig. 7. As one can see from this figure, the
agreement between experimental and modelled results is very good
for acetone, while the deviation between the experimentally
observed temperatures and those predicted by the model could
reach more than about 5 K for ethanol and n-dodecane (although
the observed and predicted trends for both substances are the
same). The plots of Ry/Ry versus time for Case 3 for the same
substances as in Fig. 7, are shown in Fig. 8. As can be seen from this
figure, the best agreement between experimental and modelled re-
sults can be seen for n-decane and n-heptane, and the worst for ace-
tone and n-dodecane. However, even in the case of acetone and n-
dodecane, both experimental and modelled results show the same
trends and the deviation between them does not exceed 2%.

Several factors are expected to contribute to the difference be-
tween the modelled results presented in this paper and ones re-
ported in [15,17]. Some approximations for transport coefficients
used in this paper are different from those used in [15,17]. We used
the time-averaged values of Nu, and Sh,, while both these param-
eters varied with time.
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25
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Fig. 7. The same as Fig. 5 but for Case 3, except without the results for n-pentanone.
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1.03 based on the analytical solution to the heat conduction equation
L0 . . inside droplets, can predict the observed average temperature of
= . droplets with possible errors not exceeding several K, and observed
1.01 4 P droplet radii with possible errors not exceeding 2% in most cases.
. 8 _y =BT S These results confirm our previous conclusion (see [9,10,12]) that
100 o WS L e this model can be recommended for implementation in CFD codes
& 0.99 | and used for multidimensional modelling of spray heating and
2 evaporation based on these codes.
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Fig. 8. The same as Fig. 7 but for By /Ra.

5. Conclusions
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Appendix A. Binary diffusion coefficient for fuel vapour

The binary diffusion coefficient for all fuels was estimated using
the following equation [27]:

Heating and evaporation of monodisperse acetone, ethanol, 3- ."_-_]_T_ ;
pentanone, n-heptane, n-decane and n-dodecane droplets in ambi- Dy, = 1.8583 % 1077 i T (— + —) —y s (A1)
ent air at fixed temperature and atmospheric pressure have been \' Mg M/ pog, Qg (T)

studied numerically and experimentally. Droplet initial diameters
varied from 99 to 135 pm, while ambient air temperatures varied
from 634 to 647 K. The numerical model took into account the fi-
nite thermal conductivity of droplets and recirculation inside them
based on the effective thermal conductivity model and the analyt-
ical solution to the heat conduction equation inside droplets. The
initial values of droplet temperatures and radii were assumed to
be equal to those observed experimentally for the first recorded
droplet. It was assumed that initially there was no temperature
gradient inside droplets.

It is pointed out that the interactions between droplets lead to
ticeable reduction of their heating in the case of ethanol, 3-
pentanone, n-heptane, n-decane and n-dodecane droplets, and
enhancement of their cooling in the case of acetone. The interac-
tion between droplets leads a decrease in the rate of reduction
of their radii in the case of acetone, ethanol, 3-pentanone and n-
heptane, but to a slowing down of the increase of these radii in
the case of n-decane and n-dodecane. In the latter case, the effect
of the thermal expansion of droplets dominates over the effects
of evaporation.

Although the trends of experimentally observed droplet tem-
peratures and radii are the same as predicted by the model taking
into account the interaction between droplets, the values of the
predicted droplet temperatures can differ from the observed ones
by up to about 8 K, and the actual values of the predicted droplet
radii can differ from the observed ones by up to about 2%.

Combining the above results and those reported previously in
6] we can conclude that the effective thermal conductivity model,

Table A1

where Dg, is in m2/s, p is in atm (1 atm=0.101 MPa), T is in K,
O = 0.5(0F + 0,) is the minimal distance between molecules in
Angstrom, Qg is the collision integral, the value of which depends
on the normalised temperature T = Tkg /¢, kg is the Boltzmann con-
stant, € = \/€r€,; the subscript , indicates air. Note that the formula
for the binary diffusion coefficient used in [22] differs from the one
presented above in terms of the value of the coefficient {they used
1.8623 instead of 1.8583). The difference between the values of this
coefficient predicted by two formulae (0.2%) can be safely ignored
in most practical applications. Note that there is a typo in Eq. (B5)
of [12]. @, = 3.617 Angstrom, €,/kg = 970K (Table E.1 in [27]).
The values of these parameters and molar masses for acetone, eth-
anol, n-heptane, 3-pentanone and n-dodecane are given in Table Al.

There is some controversy regarding the values of or and & /kg
for n-heptane and n-dodecane. We used the data leading to the
best fit with experimental data. These are indicated by * in the
€,/ kg column.

Once the value of T" had been found, the collision integral O,
could be obtained from Table E.2 [27]. However, we found it more
convenient to use the analytical approximation of Qg, given by Eq.
(E.2-2) of [27]).

For the binary diffusion coefficient of n-decane (C;gHzz ) we used
the following approximation [24]:

o1 T
Dy =546x10°% — [}, A2)
ta U To1p (300) (A2)

where p is in atm, as in Eq. (A1).

The values of oy, ¢;/ky and molar masses for acetone, ethanol, n-heptane, 3-pentanone and n-dodecane, as inferred from various sources.

Fuel Reference Formula ay in Angstrom er/kg in K Molar mass in kg/kmole
Acetone [22] C3Hs O 4600 560.2 58.080

Ethanol [22] CHs0 4530 362.6 46.069

n-Heptane [28,22] GHis 50949 300.3* 100.204

n-Heptane [27] GHis 6,663 352 100.20

n-Heptane [29.22] GHis 6.498 455.04 46.069

3-Pentanone [28,22] CsHigO 422 351.562 86.134

n-Dodecane [28.22] CizHas 937 245.0 170.338

n-Dodecane [29.22] CizHas 6.5972 454.6768* 170.338

Data indicated by * in the ef/ky column were used in our analysis.
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