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Abstract. This paper is focused on the design of a bubbling fluidized bed gasifier (BFBG) for EFB
brniquette gasification. The annual production of palm oil in Malaysia generates large quantities of
lignocellulosic biomass which can be converted into clean, sustainable energy for the future. Hence,
the prospect of valornising palm waste using biomass gasifiers presents a viable option for encrgy
production. The fludized bed gasifier (FBG) 15 considered the most suitable reactor for biomass
gasification due excellent mixing, efficient heat temperature control and tolerance for fuels.
Consequently, the proposed design of the bubbling fluidized bed gasifier tor EFB briguette
gasification will consist of three main parts; feeding zone, gasification zone and the effluent gas zone
for syngas production. The results of feedstock physicochemical properties such as bulk density,
particle size, the bed hydrodynamic and flusdization parameters for gasification used m the design of
the gasifier are presented in this paper.

Introduction

The transition from fossil fuels to renewable sources of energy remains a key challenge for many
emerging economiecs. In Malaysia the large quantities of hgnocellulosic waste resulting from crude
palm oil production provides a good source of fuel for biomass conversion technologies.

Biomass conversion can be carned out either by thermochemical or biochermcal methods.
Gasification has gained widespread acceptance as an efficient thermochemical biomass conversion
method due to its potential environmental benefits, low set up costs and relative simplicity.
Gasification mvolves converting low value fuels into gaseous products at high temperatures using air,
steam or oxygen as gasifying medium in specially designed equipment called gasifiers [1, 2]. The
major gasificaton reactions are presented in Eq. 1-6.

Biomass + Heat = C0,C0; H,0,H;, CH,, HCs, Tar, Char, Ash (1)
C + (L/2)0; > CO (2)
C + CO, = 2C0 (3)
C + H,0— CO + H, (4)
C + 2H, = CH, (5)
CnHm + (n/2)0; = nCO + (m/2)H;0 (6)

In practice the exothermic reactions between the fuel and air'O; in the gasifier supply the thermal
energy for gasification.

There are three types of gasifiers; iixed or moving bed, fluidized bed and entrained flow [ 1, 2]. The
fluidized bed gasifier (FBG) is considered the most suitable gasifier for biomass gasification due to
its tolerance for different types of fuel, excellent mixing, and temperature control. In addition, the
operating FBGs require moderate air, oxygen and steam input, resulting in high cold gas efficiency,
and carbon conversion [2, 3, 4]. Two types of FBG pasifiers exist; bubbling fluidized bed gasifier
{BFBG) and circulating flmdized bed gasifier (CFBG).

Al rights reserved. bo pard of contents of s paper rna'ﬂr beraproduced or trnsmited inamy form or by amy means withoul Se wrillen parmission of Tans
Tech Publications, wew scenific nel {01039 20084 5)
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Abstract

Vapour compression refrigeration 15 the most widely used method m domestic and commercial air
conditioning and refrigeration systems. R22 (difluoromonochloromethane) 1s the most widely used
HCFC {hydro chlorofluorocarbon) refrigerant in residential, commercial, industrial and transport
cooling systems. Montreal protocol in 1987 banned the use of CFCs (chlorofluorocarbon) due to their
adverse impact on the environment causing ozone depletion and global warming. HCFCs are also
being phased out, though they are less destructive than CFCs. The present work explores compressor
performance using alternate environment friendly working fluds so that R22 can be replaced in
future. The refrigerants used for the studies are R134a (tetrafluoroethane ), R 290 (propane) and R600a
(sobutane). Compressor performance 1s analysed by varying refrigerant mass flow rate, evaporator
and condenser temperatures and studying their effect on compressor size, power and discharge
temperature. A numencal simulation code has been developed in MATLAB using refrigerant
properties taken from REFPROP.

Introduction

Vapour compression s the most widely used system for producing refrigeration. Imitially pure
hydrocarbons were used as working fluids. Later they were replaced by CFCs and HCFCs. They were
considered as ideal refrigerants until it was found that they caused adverse impact on the environment
causing ozone depletion and global warming., Montreal protocol m 1987 phased out CFCs and
HCFCs are being phased out. R22 s the most widely used HCFC refrigerant in residential,
commercial, industrial and transport cooling systems. R22 has to be replaced in future, by a suitable
refriperant or refrigerant mixture.

C Aprea(2003) [1] in his paper compared R407C and R22 in a vapour compression plant. The
investigation has revealed that R22 performs better than R407C mainly because of a better
compression process due to a number of factors, including the facts that the isentropic and volumetric
efficiencies of the semi-hermetic compressor are better than that of R407C.Y 8. Lee (2002) [2]
performed an experimental study on the performance of a domestic vapour-compression refngeration
system with 1sobutane (R600a) as the refrigerant. Neil A Roberts, Owen R Chambers (2004) (3]
presented the results of laboratory and practical studies of three HFC blends based on R 125, R134a
and R600 or R600a which have been shown to demonstrate superior energy efficiency and in one case
23% lower global warming potential than the above mentioned HFC alternatives James M. Calm and
Dr Piotr (2004)[4] talked about the phase out of R22 and its various altematives available for R22.

A rights resarved. Mo pard of confents of his a'rna.ir baraproduced or trrsmited inamy form or by amy means withoul e wrillen permission of Tans
Tach Publcaiions, www schen §fc nal. (2E 21 9.2250:10)
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Abstract. The negative effects of hydrocarbon fuels are widely highlighted by increasing global
warming and declining quality of human health. Therefore, 1t is important to reduce the level of
emissions from liquid hydrocarbon combustion. Hydrogen addition to the combustion chamber is one
of the proven methods to improve emssions level. In this research, an experiment was conducted on
diesel fuel spray combustion with hydrogen addition. The effect of additional hydrogen was observed
on CO, CO4, NO and THC exhaust gas emissions. A small hydrogen fraction (0~3 vol %) was added
to the rich premixed spray combustion. The results show that increasing the hydrogen fraction
reduced the emission mdexes of CO and THC, and increased the emission index of COs. Increasing
the hydrogen fraction caused an increase in the emission index of NO, but the actual physical amount
was msignificant. Increasmg the atormzing air flow rate reduced the CO and THC emission indexes, but
increased the OO and NO emission indexes.

Introduction

Diesel fuel is widely used in land vehicles due to its many advantages. One of the ments of a
diesel engme 15 higher thermal efficiency than gasoline engines [1]. Diesel fuel s used not only in
engmes but also industrial fumaces, m which diesel fuel spray continuously bums. However, diesel
fuel has some drawbacks. One of the disadvantages is particulate matter (PM) emission via the
exhaust gas, This drawback can be improved by incorporating hydrogen into diesel fuel combuston
which can lead o improved fuel consumption and low PM emission level due to no carbon content
[1.2]. Another positive effect of hydrogen as a fuel are no sulfur and a promising solution for
ultra-lean premixed combustion. Moreover, hydrogen has a large energy per unit mass, which is 2.5
times as high as that of diesel fuel. Therefore, combustion can occur in lower overall equivalence
rato, which results in lower temperatures in the combustion zone [3]. In recent years, researchers
have conducted a substantial number of studies on hydrogen-based combustion related to the green
technology field [3-5]. Several researchers have applied hydrogen as a fuel to the engine. The
acquired results show that a hydrogen fueled engine has a higher heat transfer rate than a methane fuel
engine. This is because hydrogen fuel has higher heating value, faster flame speed and a smaller
quenching distance [6]. Another obvious advantage of hydrogen is its renewability since it can be
generated from water [ 7]

Juste [8] studied imjection of small quantities hydrogen in a hydrocarbon-fuelled burner.
Hydrogen was injected in the primary zone, where the fuel 1s premixed with air. The results showed
that there was possible positive effects of additional hydrogen to hydrocarbon combustion. The
present study supplied hydrogen near to the flame base without premixing with air. We investigated
the effect of additional hydrogen to the diesel fuel spray combustion for different atomization
conditions.

Al righits resarved. Mo pard of confents of his a'rn:g baraproduced or trrsmited inamy form or by any means withoul Se wriflen parmission of Tans
Tedh Pubications, waw schen ific nel. {0 15031 9,00:38220)
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Air to air ejector with various divergent mixing chambers

DVORAK Vaclav' ?
"Technical university of Liberec, Studentska 2, 46117 Liberec, Czech Republic.
“vaclav.dvorak@tul.cz

Keywords: Air gjector, diffuser, mixing chamber.

Abstract. The article deals with expenmental investigation of subsonic air to air gjector with vanous
configurations of the mixing chamber and the diffuser. A constant mixmg chamber, 2° and 4°
divergent mixing chambers and 6% diffuser were applied to find differences in the mixing process.
Charactenstics of the ejector, static pressure distributions and pressure fluctuations were measured to
find how the different shape of the mixing chamber affect the efficiency of mixmg processes.
Pressure fluctuation increased rapidly while the ejection ratio was higher than 1.25 and the highest
efficiency of the ejector was obtamed when using configuration "4-4-6".

Introduction

Ejectors are used for many purposes, but the process i1s basically the same in every case: a
high-pressure fluid (the primary stream) transfers part of its energy to a low pressure fhud (the
secondary stream) and the resulting mixture i1s discharged at a pressure that lie between the driving
pressure and the suction pressure. By the time that Keenan at al [ 1] performed the first comprehensive
study of mixing, two cases of mixing were distinguished: the constant pressure mixing and the
constant area mixing. However, nobody has yet established a definite link between the performance
of constant area and constant pressure ejectors, as stated Sun and Eames [2]. Tylor and Williamson
[3] divided the mixing into two regions. In the initial region of mixing, the shear layer between the
primary and the secondary stream does not reach the mixing chamber wall. In the main region of
mixing, the shear layer spreads across the whole mixing chamber cross section. The momentum
decay 15 slow in the mitial region and static pressure changes only shghtly. We can consider a free
stream here. But the momenturn decay and also static pressure rise are accelerated in the main region.

Many studies deal with optimization of some separated parameters of gjector or with
intensification of the mixing process, as they are in a review carned out by Porter and Squyers [4].
Also nowadays many researchers investigate influences of separated design parameters. For example,
Aphornratana and Eames 5] performed expermments on ejector with a moveable pnmary nozzle. An
optumization of a suction chamber was done by Yadav and Patwardhan in work [6]. They designed
the diameter of the suction chamber, the position of the pnmary nozzle and the angle of the necking of
the suction chamber, but no optimization method was used. Watanawanavet optimized a supersonic
gjector in his thesis [7]. Again, separated parameters were optimized, no optimization method was
used and the optimization missed complexity. Cizungu et al. [8] wsed a one-dimensional model of
compressible flow to optimize an ejector for a cooling system. The results of this work were a
determination of a suitable area matio, the length of the mixing chamber and of the diffuser and several
operation parameters. Dvorak [ 9] optimized ejector in a complex way using Fluent sofiware. Thus the
resulting shape of the ejector was not imited by a choice of mitial optimization parameters. As a
result, a constant pressure mixing chamber for initial region and divergent mixing chamber for main
region of mixing were obtained. Experimental investigation of constant area mixing made by Dvorak
at al [10] showed that for high ejection ratio a slow nonperiodical oscillation of the whole flow field
occurred. It seems that these oscillations appear when the mixing 15 not fimshed before the diffuser.
As was shown by Dvorak and Dancova in [11] the flow can be stabilised by applying additional
oscillations made by synthetic jets. The aim of this work 15 to investigate mixing in axi-symmetric
subsonic ejector with various configurations of the mixing chamber and the diffuser. A constant area
mixing chamber, 2% and 4% divergent mixing chambers and 6° diffuser were apphed to find
differences in the mixmg process, obtained ejector efficiency and pressure fluctuations.
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