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OPPORTUNITIES, CHALLENGESAND FUTURE PROSPECTS OF
USING BIOGAS ASROAD TRANSPORT FUEL IN PAKISTAN

Fazal Um Min Allaf
University of Craiova

ABSTRACT

Fossil fuels are depleting and causing more glelining. To decrease dependency on fossil fuels we
will analyze potential, possible outcomes and emaes of using biogas as road transport fuel insRak It has
potential of producing biogas from animal, food ddisehold waste by using anaerobic digestion peod&e
will analyze implications of distribution and econigcs scenarios of producing biogas and to companéthh
existing natural gas usage. This paper aims to med@mmendations and to draw a conclusion on tkes lud
studying existing practices regarding waste to Wapproach.

1. INTRODUCTION

For its energy needs, primarily, Pakistan is depahan fossil fuels. It has to import
fossil fuels to fulfill its energy demands. Mainuse of environment pollution is usage of
fossil fuels in Pakistan. To make itself less dejgen on conventional energy resources,
Pakistan should use renewable energy resourcesspod sector in Pakistan is heavily
dependent on compressed natural gas (CNG). Dune tshiortage of CNG transport sector has
to face supply cuts for several days in a monttuilltface even worse situation in the future.
Prices for CNG fuel are also increasing as demargtawing. This demand can be fulfilled
by alternative energy resource like biogas becaasatry has the huge potential to produce it
Bl, Biogas is being used as vehicle fuel in Swedehienconsumption is increased over the
years. Number of filling stations for biogas isre&sed from 6 to 122. Biogas can also be
used as fuel in modified diesel engiriEsis experiment is done in Ireland and it has reduc
dependency on fossil fuels and caused 12% decirageeen house gas emissions. Main
source for biogas production in UK is animal wa3te.make it usable for engines, it should
be upgraded to increase the percentage of metlsindies show that by using biogas as
transport fuel, GHG emissions can be reduced @0@86. It's an environmental friendly fuel
compared to other fossil fuels. As a fuel, biogtisre fewer prices than fossil fuels. Sweden,
France and Switzerland are already using biogak feweroad transport. UK has limited
potential to replace natural gas with biogas assfrart fuebut in Pakistan it can play a huge
role as transport industry is heavily dependentCiNG [1-5]. This paper aims to evaluate
opportunities, future prospects and challenges sifiqu biogas as road transport fuel in
Pakistan keeping in view the experience gained ftsmasage in developed countries.

2. METHODOLOGY
2.1. CNG statusin Pakistan
In Pakistan CNG as vehicle fuel was introduced982Land in 2010 it became world's

largest CNG user in transport sector. Competitiieepand government policies played an
important role in growth of its consumption in tsport sector. 89% of the registered vehicles

1 Craiova, Str. Libedtii, Caminul 3, Ap. 306, 0721737661, fazaluminallah@hotroaim



are using CNG as transport fuel [6]. The demanditagased rapidly in past 10 years. The
demand is increasing at average rate of 2% annusltlyough Pakistan has good potential to
produce natural gas but to meet the growing deniiahds to import from its neighboring
countries. Pakistan uses 8% of its natural gasyatazh in transport sector. Comparison is
shown in figure 1 between consumption of natural lyadifferent sectors.

T
1]
=3

Transport, 8%

Figure 1: Natural gas consumption by sector in $taki2011

Pakistan is facing following problems with the usag CNG in transport sector.
1. Supply and demand gap is widening and governmesitd@&lose CNG stations for
three days in a week.
2. Government offers subsidy to the household nagaalusers. Due to higher demand
in transport sector officials have to cut the siggpfor household customers.
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Year 2011 | 2012 | 2013 | 2014 | 2015 | 2015 | 2017 | 2018 | 2019 | 2020

Gasdemand in Bcfd | 6.77 7.09 7.27 7.46 7.61 7.8 7.8 8.18 8.38 8.58
Gas supply n Befe 455 4.64 454 4.28 3.73 3.17 2.87 2.57 2.35 2.11

Figure 2. Comparison between projected aehaand supply of natural gas in Pakistan

3. The standards for CNG vehicle safety are not béaligwed and consequently CNG
vehicles are facing more accidents every year.



2.2 Biogas Potential in Pakistan

Pakistan needs to focus on alternative resourcewetd the energy demands of transport
sector. Pakistan is an agricultural country antth# abundant biomass resources in the form

of waste from food, animals and corps. There af rhllion animals whose manure can be
used to produce biogas.

Table 1: Livestock sector strength

Species 2011-2012 2012-2013
(in Millions) (in Millions)
Cattle 36.9 38.3
Buffalo 32.7 33.7
Sheep 28.4 28.8
Goat 63.1 64.9
Camels 1 1
Horses 0.4 0.4
Asses 4.8 4.9
Mules 0.2 0.2

Source: Pakistan economic survey 2012-2013

Livestock strength is growing annually by 4%. Frdime waste of these animals, 16.3
million m3 of biogas can be obtained daily. Biogas can aésoltained from waste of paper
and sugar industries, slaughter houses and housdbommestic biogas plants are already in
use in different rural areas for cooking purpogestilizer and sugar industries are already

producing biogas from their waste to produce eilgttr Biogas from these resources can be
upgraded to be used as vehicle fuel.

2.3. Waste to whed approach

Sewage sludge, agriculture waste, animal manuoel &md household waste are used to

produce biogas. Inorganic material will be sepatdtem organic material. The shredding of
the material will be done. Main process in produttdf biogas is anaerobic digestion. Waste
material is degraded in the presence of bacteriairiight vessel. Biogas is obtained from
digesters and then upgraded to use it as vehide @€arbon dioxide, hydrogen sulphide,
ammonia and water contents have to be removed @5g88% methane by volume.
Upgraded biogas can be stored in the form of CN@Ggoefied form. Methane number and
Wobbe index are important parameters to determunaity of gas. Cars can use bi-fuel
system or can be designed to operate on singlesfisdém with CNG. In Pakistan, most of
the vehicles are using CNG as fuel and it has @yreadistribution network for CNG.

2.4 Economics of Biogas

Following elements affect the biogas economics.

1. Manufacturing and production cost of biogas
2. Storage and distribution cost related to biogas
3. Governmental Taxes

Usage of biogas as road transport fuel proved tonbee expensive in France and
Sweden. Infrastructure, maintenance costs areagirtalthat of CNG. Vehicles using CNG
as fuel are more expensive than other vehicles.



2.5. Comparison between natural gas and biogas

Natural gas and biogas both consist of methane.pBsition of biogas depends upon the
nature of resource and process from which it isiokd. Major difference is that biogas has
less CQemissions than natural gas.

Table 2 Properties of biogas and natural gas [7]

Property Biogas Natural Gas
Density (kg/Nnd) 1.2 0.8:
Wobbe Index, upp: 27 55
Methane number >135 72
Hydrogen sulphide (Parts per <500 3
million)
Calorific value (MJ/ Nr¥) 35 0.9
Carbon dioxide (% volume 30-40 -
Nitrogen (% volume) 0.2 0.3
Oxygen (% volume 0 0
Ammonia (Parts per millio 10C 0

Biogas is a renewable fuel which helps to reduecbaraemissions. It also helps us to be
independent of fossil fuels especially oil whiclsuks in better energy security. Both waste
management and energy production can be obtainéibbggs usage. Less exhaust emissions
help to improve air quality.

3. CONCLUSIONS

The aim of the paper was to determine the oppiiesrand future prospects of the usage
of biogas in transport sector of Pakistan. CuryerRakistan is facing CNG shortage and to
overcome this it has to look for alternative salng. Pakistan has huge potential to produce
biogas from waste and it can be used as vehicle fuglready has storage and distribution
system. Production of biogas is not as cost efficaes CNG but it is more environmental
friendly. In order to achieve biogas productiongas, policy makers and government
institutions have to play their role.
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PRIMARY RESOURCES OF ENERGY
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ABSTRACT

The paper presented is a bibliographical studgrmhary energy resources and global trends in
this area. The increase of the oil prices caussgeaial attention to the burning installation ofico
fuels and the production of energy from renewablgrees. The use of solid fuels in power plants is
treated with interest by all countries.

1. STATISTICAL ANALYSIS

Statistics shows a decrease of the petroleum res®which require specialists to rethink
the production of electricity using solid fuels amaconventional energy. At present, over 80
per cent of primary energy consumed worldwide itamted from fossil fuels. In the last
decade, the increase in world energy consumption veesed, at the rate of 85% by fossil
fuels. The estimates of future energy consumptioncorrent policies and developments
indicate a continuation of this dependence totipe of fuel. These trends are not compatible
with the necessity to attenuate the effects of alérchange and can lead to an increase in the
average temperature of the globe with 3 or 4 deg@slsius, according to the International
Energy Agency (IEA) and, respectively, a report nussioned by the World Bank.
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Figure 1: The increase of global demand in fue3122011

If the prices are compared the coal has a netrdigiga over the natural gases. In these
conditions the coal is reconsidered as a raw natér the production of electricity. As a
result, coal power plants are being retooled tbro@ight up to current standards on emissions
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of polluting gases and particles into the atmosph&he carbon dependence increases, CO
emissions are increasing being necessary techsitalions that contribute to reducing the
global warming effect. Emissions policies during ttrisis have resulted in increasing the
number of remaining unused, 955 million in 2012thwthe upward trend to about 2 billion. It
causes a drop in the price of coal which becom&active in economic terms with the
negative consequences of the pollution. Each cpumtthe EU will ensure the production of
coal for power plants at the rate of about 73%. |Gsaused mainly in Europe for the
production of electricity. Overall, the consumptiaf lignite and hard coal in the EU
increased to 712.8 Mt in 2010 at 753.2Mt in 20Jdpresenting around 16% of the total
consumption of energy. Although the share of cealeiectricity production to the EU
dropped slowly until 2010 (when he reached aboWb)25n the fallowing year began to
increase again, as described above.
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Figure 2: The changes in the production of ele@nergy in some parts of the world 2010-
2035
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Figure 3: The main consumers of coal in UE in 2010



In Europe there are significant regional differencWhile the share of coal in energy
production in some member states (for example, weHrance, Spain and Italy) are well
below 20%, other member states such as Poland (8&¥ece (56%), Czech Republic
(56%), Denmark (49%), Bulgaria (49%), Germany (42l the United Kingdom (28%), is
based largely on coal. The yield increase in coinntnugplants necessitated the design of new
processes, particularly in the case of coal. Théited bed combustion has proved his
efficiency and with small amounts of particulateti®a For high-capacity energy installations
the burning of solid fuels is realized in pulvedzsate.

2. PRIMARY ENERGY RESOURCES

The deficit of primary energy in the global enetgglance has imposed the burning of
solid waste resulting from industrial or technotmdiprocesses in agriculture. The main types
of waste that can be used for energy purposes dwefating can be categorized as follows:

- Combustible wood waste. These waste results from the exploitation of$txe different
kind of sawmill and furniture. They are used in tmadar for heating of houses in the
countryside while being a source of fires:

- Combustible vegetal waste. Are obtained from the processing of plants grdvam
what is called big culture: straw, corn cob, rentaaf sunflower, waste from the processing
of sugar cane. These wastes have a high moistmterta40 ...60) %. If the temperature in
the heating stove is high at the burn of strawsusctarge desposits on the surfaces of heat
exchangers. Burning the vegetal waste must be agiad crop fields for several reasons:

- the air pollution due to the resulted smoke

- the impoverishment of the soil in-organic matter;

- earthworms and other soil creatures are destroyed

- the water is evaporated from the upper layehefdoil and through cracks resulted the
depth water is lost.

- the arable land is harder to cultivate and the# €onsumption increases.

- Waste from the industry. These materials come from hemp, flax, cotton leather. It
has been observed from these wastes special prelvearding burning due to diffusion of
oxygen on difficult surfaces.

- Combustible waste from chemical processes. These are obtained from the processing of
crude oil in order to obtain superior fuel.

- petroleum coke characterized by low volatile matnd moisture. The absence of
volatile materials generates problems to ignition.

- celolignina is a powdery waste obtained from éxéraction of furfulol from vegetal
products (seed husks, corn). These waste have @ lgglwavior in burning but the ash has
tendency of slug and the burning gases contain oangs that adheres to the heat exchange
surfaces.

- Household waste. These waste results in significant quantitiepeemlly in the city.
The preparation for burning often involves brigungftand selecting on categories of materials
(paper, plastics, e.g.). They have a high cordéash with characteristics very different due
to varied composition of these types of wastes.

Negative impacts on the environment should not tiebated only to fuel-burning
process. As well as these other polluting industiaee radioactive materials, other non-
metallic substances, minerals and rocks. The egpion of non-renewable or renewable
resources or lead to unpredictable developmentsapihsequences difficult to removed.

The highest consumption of primary energy resoigagecorded from coal. In 2011, the
highest coal consumption was registered in Chi884 billion tons of oil equivalent (tons),



USA-501.9 million toe and India-295.6 million toria.the European Union consumption was

285,9 million tons and represented 7.7% of worldstonption.

Table 1: Production of coal in the world

Operation expressed in thousands of tones

Nr. Country 1970 1980 1990 2000 2004
1. Germany 406.034| 387.930| 356.524 | 167.724 | 181.926
2. USA 5.963 | 42.300 | 82.608 | 77.620 | 75.750
3. Greece 8.703 23.207 49.909 63.948 71.237
4. Russia 128.100[ 141.500 | 138.500 | 86.200 | 70.300
5. Australia 25.648 | 32.895 47.725 67.363 66.343
6. Poland 36.118 | 36.866 67.584 59.505 61.198
7. China 16.960 | 26.288 44.520 42.774 50.000
8. Czech Republic | 84.894| 90.145 80.205 51.063 | 48.290
9. Turkey 4.400 16.967 46.892 61.315 43.754
10. Serbia 18.341| 27.921 45.376 34.037 35.620
11. India 3.908 4.548 14.110 22.947 30.341
12. Romania 15.575| 28.128 34.897 26.882 28.648
13. Bulgaria 31.806 | 29.946 31.532 26.183 26.455
14. Thailand 441 1.427 12.421 17.714 20.060
15. Hungary 26.102 | 22.636 15.842 13.532 12.730
16. Canada 3.919 5.971 9.407 11.190 11.600
17. Bosnia 7.340 11.174 18.160 7.441 9.000
18. Macedonia 4.940 7.519 6.640 7.516 8.500
19. Spain 3.121 15.390 20.870 8.524 8.147
20. North Korea 5.700 | 10.000 12.500 6.500 6.500
21. Austria 4.045 2.865 2.448 1.255 235

World 869.626| 1.080.335 1.153.970 877.417 | 915.789




Table 2: The classification of coal in Romania
Class Group

Pea -

Brown coal earthy

Brown coal woody

Brown coal -ignite

Mat Brown coal

[2)

Brown coal with glos

Brown coa

Coal with long flame

Coal gas
Fat coal
Coal (H)
Coal coke
Coallear
Anthracite coe
Anthracite |-

3. OBJECTIVES

The general objectives of the researches in emegpurces consist in:

- research on the physical properties of the faptbenergy characteristics;

- research on the processes of combustion ane flfappagation;

In addition to the objectives mentioned the aimtasdevelop and implement an
experimental base to meet the requirements impasethe regulations in the field of
combustion of solid fuels. Given the new europeppr@ach, which imposes stringent rules
on emissions of pollutants is necessary the madita of the conception regarding the
design, verification and monitoring in exploitatioh energy and combustion installations of
low power. At the same time, the paper proposesdakzation of analyses of the cases when
fire are generated, the propagation mode, the theymamic study, considering the blaze as a
complex process of combustion, with indeterminatemh, and other phenomena including
physical, chemical, biological (heat transfer, éxehange of gases with the environment, the
formation of flames, structural transformationsheTenergy sector, which uses solid fuel, has
to be a dynamic sector, actively to support thenenuc development of the country, for the
purpose of reducing gaps regarding the Europeaarini

In this way, the general objective of the enermggtar is to meet the energy needs both in
present and for medium term and long at a low m@fmeropriate to a modern market economy
and a standard of civilized life, in terms of qtiglfood safety, while respecting the principles
of sustainable development.

The main direction of action of energy policy obrRania converging with those of the
European Union’s energy policy is:

- the increase of safety in energy supply.
- the increase of energy efficiency.



- the achievement of the objectives of protectthg environment and reducing €O
emissions;

Considering these main directions of action, thgdives of the development of the
energy sector in Romania, are:
- the improvement of energy efficiency throughdw production chain:-resources-transport-
distribution-consumption;
- reducing the negative impact of the energy semtahe environment.

4. SPECIFIC MEASURESIN THE FIELD OF ENERGY

The energy production will follow a process of tresturing and renewal of energy
capacities through the rehabilitation of existingble units, closing non-viable units and the
construction of new production capacities. The stweent effort will be supported mainly by
privatization.

In order to ensure balanced energy productionsrifyr will be given to investments in
units of energy production that uses:

- renewable sources of energy;

- charcoal by clean technologies;

- nuclear energy technologies through secure atidlaiv environmental impact.
- the use of wood for heating in households;

- use plant debris.

5. CONCLUSION

Research conducted in the field of productiomgpmrt and consumption of energy are
focused on new energy sources, renewable sourmis;ing the quantities of triatomic gases
emitted into the atmosphere. The development ofggneonsumption determined the return
to the production of coal-based energy.
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ABSTRACT

Gaseous fuels have a physical-chemical charatiterishich recommends them for use in
medical applications, research labs, but alsoénidustrial field. The present paper aims to hgittl
the advantages of using gaseous fuels, especalynall power plants, but also issues which arise
with regard to the burning with stable flame. Wepwse to analyze burners used in low-power
applications with the possibility to ease the igmtand stabilizing combustion. Gases used in
combustion plants have chemical compositions sigdcifeach area, which involves different burning
speeds and propagation of the flame. Adjustingetlestallations must be made in such a way to not
cause the interruption of the flame.

1. PHYSICAL-CHEMICAL CHARACTERISTICS OF GASEOUSFUELS

The composition of these fuels is different froraaato area. In all situations they contain
combustible gases, nitrogen and oxygen in smaleoy small proportion and other gases. In
Romania methane (Gh is found in higher proportion in the compositimihcombustible gas.
The composition of a fuel gas is expressed in peages and is reported to the anhydrous
state:

Coanh+ Cozanh+ Hzanh+ stanh+ CH4anh+ ECmHnanh‘F Ozanh+ Nzanh+ .. =100% (1)

In combustion plants the gaseous fuel is usechéofiow through the pipeline. The
calculation of the burn is made at wet conditioriften in the form:

CO+COY + Hy + HoS + CHi + ZCpHy' + O + N2 + W' + ... = 100% (2)

In table 1 is presented the composition of thgad in Romania.

Table 1: The composition of the oil gas
Name  of Composition in (%) of volume
the gas Methane | Ethan | Propane | Butane | Pentang Hexane| Dioxide of
CHa CoHs CsHs CsHio | CsHiz | CeH14 | carbon CQ
Rich gas off 78 9,24 6,23 3,46 1,10 1,77 0,20
Boldesti —
Prahova
Poor gas of 95,93 1,19 1,35 0,73 0,46 0,34 -
Moreni —
Gura
Ocnitei
Poor gas of 99,80 - - - - - 0,20
Manesti  —
Vladeni
Poor gas of 95 2 - - - - 3
Aricesti
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In general, saturated gases contain methane inhitjgest proportion, but other
combustible and inert gases. There are situationenwthey contain water vapor with
concentration below saturation temperature appaitgfor use. In Romania, the Transylvania
basins are the most important for their compositiorithe petrochemical industry. Table 2
shows the composition of these deposits.

Table 2: The composition of the deposits in Travesyia

Basin CH CoHe | C3Hg | C4H1o | Cst+ Other compounds
Transylvan basin 1| 99,92 0,06 0,07 - - -

Transylvan basin | 99,72 |0,0¢ |0,0z |- - 0,1¢

Transylvan basin | 99,57 |0,0¢ |0,0€ |- - 0,2C

Subcarpatic zone 95,26 0,79 0,79 0,58 1,89 -

From the table is observed that natural gases Tn@nsylvania have a special purity.
For industrial use, of interest are some propesiesved in table 3.

Table 3: The gas properties from Transylvania

— CHa CoHs Caloric power

Z 2

2 § o S

& = & = prd prd

£ |2 |5 |2 |- |5 |2 |-z |E |z |§
g (8 |2 |2 |E |2 |2 |EIE |% |f£ %
N | O o P P > X X | = N S N
© 0,718 | 0,556 | 99,60 | 99,25 | 713 0,40 (0,75 |5 |39,69 | 9480 | 35,69 | 8525
g3
o=
o 10719 | 0556 |9955 |99,16 |713 |[045 | 0,84 |6 |3969 |9480 | 35,71 | 8530
ER
z 8B
- 0,721 | 0,558 | 99,16 | 98,44 | 710 0,84 |156 |1 |3982 |9510 | 35,82 | 8555
S 1
©
0
— 0,719 | 0,556 |99,50 |99,03 |712 |050 |097 |7 |3971 |5485 | 35,73 | 8535
Ur

0,721 | 0,557 |99,25 |98,60 |711 |0,75 |1,40 |1 |39,79 | 9505 | 35,80 | 8550
o 0
IS
n
= 0,719 | 0,556 | 99,45 | 99,03 | 712 0,55 (0,97 |7 |39,73 | 9490 | 35,73 | 8535
Sg
D S
2=

From the experimental research on the burner ithestin Figure 1, the measurements
being carried out with a thermo anemometer type d<shows that the burning speed for a
normal flame becomes constant at a given temperafuthe combustion gases. It was found
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that the temperature of the combustion gases isesein a transitional regime by order of
seconds (from laboratory determinations about 80rs#s)

AN ARK S

Figure 1: The burner used tor experimental deteation

Table 4: The limits of ignition

The
The minimum Blend in which| Minimum
concentration I . concentration
S Stoichiometric | the speed of the -
of ignition [%] ._of ignition
blend flame is
volume of gag . [%] volume
Fuel Symbol| in oxygen maximum of gas in
oxygen
[%0] Un [%0] Un
min max vol. [cm/s | vol. max, | min | max
gas ] gas [cm/s]
Hydrogen | H 4 74.2 29.5 | 160 | 42 267 | 4.65 93.9
OCSQ%O” €O 125 | 742 | 295 | 30 | 43 42 | 1555 939
Methane CH 5 15 9.5 28 10.5 37 54| 59.2
Ethar CoHs 3.2z | 12.4f 5.6 - 6.2 4C 4.1 |50.k
Propan CsHs 2.37 |9.E 4.02 - 4.2 38 2.2 |55
Butane GHip |1.86 | 8.41 3.12 - 3.3 37 1.8/ 49
Pentane €Hi |14 7.8 2.55 - 2.92 38.5| - -
Hexane G@His |1.25 | 6.9 2.16 - 2.52 38.5| - -
Heptane @His 1.00 | 6.0 1.87 - - - - -
Octant CegHis | 0.98 |- 1.65 - - - - -
Ethylene CoHq 3.75 | 29.€ 6.5 50 7 63 2.¢ | 79.€
Acetylene | CoH» 2.5 8C 7.7 10C 1C 13t 3. |89./
Benzene GHs 1.41 | 6.75 2.71 - 3.34 40.7 2. 30
Methyl - | CHOH 16 75 | 365 | 1244 | - . . S
alcohol
Ethyl C2HsO
Alcohol H 3.28 | 18.95 6.52 - - - - -
Carbon | CS 1.25 | 50 6.52 | - 82 | 485| - | -
sulphur
Water gas 6.0 70 - - - - - -
Coke gas 5.6 28-30.8 - - - - - -
Natural ga 5.1 12.1-25 | - - - - - -
Furnace ge 35 65-73.€ | - - - - - -
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1-heat exchanger; 2- gas burner; 3- special hosgaefses; 4-water debit meter; 5-thermometer
for the measurement of cold water; 6- thermometettfe measurement of hot water.
Figure.2. Stand with heat exchanger for burneirgst

2. DETERMINATION OF THE BURNER PERFORMANCE

The tests performed in the laboratory wetended to determine the ability of a burner
to burn gas fuel with stable flame. The tests wssdormed in the laboratory for Thermal
Engineering of the Faculty of Mechanics at a terappee of 25 °C, atmospheric pressure of
p=1013 mbar and relative humidity ¢&=50%. Were used 9 regimes at different loads.
Modification of gas flow to the burner was made @amently with the modification of the
water flow in the heat exchanger used for watetihga

Table 5: The parameters of burning regimes (gams tie local network of distribution)

Nr. Vgas Vgas V water V water tai tae T
[mI] [m3] [m?3] [m3] [°C] [°C] minutes
measured measured measured heated

1 11,68: 0,04: 131,19( 0,00¢ 26,1 72,2 3
11,72¢ 131,19¢

2 11,777 0,045 131,203 0,007 25,2 64,3 3
11,822 131,210

3 11,841 0,045 131,220 0,008 25,5 55,4 3
11,886 131,228

4 12,00¢ 0,04¢ 131,24 0,00¢ 25,¢ 51,4 3
12,05 131,25¢

5 12,098 0,045 131,263 0,01 25,6 48,5 3
12,143 131,273

6 12,218 0,046 131,291 0,012 25,2 443 3
12,264 131,303

7 12,319 0,046 131,318 0,014 25.4 41,4 3
12,36: 131,33:

8 12,42 0,04¢ 131,35( 0,017 25,1 38,2 3
12,46¢ 131,367

9 12,500 0,045 131,379 0,019 24,6 35,5 3
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The flame was stable during experimengaiiminations. The stand used is presented in
figure 2. For the combustion process in the mixtomest be a minimum concentration of
oxygen and the temperature to be higher than thedeature of oxidation for the reaction to
start. During the test these conditions are metb®se the burn is atmospheric and the
temperature of the front flame measured is grahtar that required to start combustion. For
the flame to not interrupt the gas flow the spekdas is adjusted in such a way that the gas
flow velocity is equal to the speed of propagatdnhe flame front. The concentration limits
of ignition for different gases are presented iblda4. The values refer to the atmospheric
pressure and a temperature of 20 ° C. For the bteseed measurements were carried out for
gases from the local network of distribution andegaobtained from a gas cylinder fueled at a
station with GPL alimentation. For this type of ber, with multiple slits, used in low-power
heating plants of family type shows a bigger yigddthe burn of liquefied gas and this
performance is due to the liquid gas qualities, l#ek of impurities, and a higher calorific
value.

Table 6: The parameters of burning regimes. Ligaegjas (Cylinder stove)

Nr. Vgas Vgas Vwater Vwater tai tae T
[m3] [m3] [m3] [m3] [°C] [°C] minutes
measured consumed| measured heated
1 12.632 0,050 132,342 0,0082 21 68,2 3
12.682 132,350
2 12,72( 0,05z 133,41: 0,007 22 72,c 3
12,77: 133,41t
3 12,775 0,053 133,622 0,006 23 75,1 3
12,828 133,628
4 12,311 0,047 133,802 0,006 21 67,4 3
12,358 133,808
5 12,911 0,043 133,902 0,009 22 47,5 3
12,95¢ 133,911
6 12,96: 0,04¢ 133,95( 0,0 1: 22 51,z 3
13,008 133,961
7 13,121 0,048 133,982 0,012 21 49,3 3
13,169 133.994
8 13,172 0,051 134,012 0,013 22 43,6 3
13,22 134.02!
9 13,22¢ 0,04¢ 134,50( 0,007 23 58,7 3
13,27" 134,50

The heat lost in the surrounding atmosphere hagnifisant share in the total efficiency of
the installation. To limit these losses the insflthe heat exchanger was shielded.

Table 7: The parameters of burning regimes (gas fte local network of distribution)

Nr. Vgas Vgas V water Vwater tai tae T
[m?] [m?] [m?] [m?] [°C] [°C] minutes
measured consumed| measured heated
1 13,41 0,06: 134,60 0,00¢ 22t 72,2 3
13,47: 134,60t
2 13,48( 0,06¢ 134,70( 0,008« 23,2 75,1 3
13,545 134,784
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13,560 0,053 134,800 0,0086 24,1 714
13,613 134,086

13,650 0,059 134,900 0,0079 22,6 714
13,709 134,9079

13,75( 0,06= 134,91 0,00¢ 23,2 69,z 3
13,81: 134,91

13,815 0,054 134,920 0,011 22,4 62,9
13,869 134,931

13,870 0,063 134,940 0,012 21,3 57,3
13,933 134,952

13,950 0,055 134,960 0,013 23,2 52,4
14,00t 134,97:

14,01( 0,05¢ 134,98( 0,00; 23,4 73,2 3

Obtaining very good performance of this typdourner has been reduced by difficulties
in adjusting the gas flows for a stable burn. Tpeagition of the lateral flame is explained by
an uneven distribution of gas in the burner.

LRLAR

Burmn with
stable flame

Figure 3 The apparition of the carburate flame t#uednterruption of the flame

At the increase of the flow the interruptitend appears to the flame. At the power
installations for heating the gas flow is adjustingombustion regimes. In the laboratory we
forced the limits of normal combustion to obtairesl undesirable regimes. From the
observation of several power installations of lawpr results that each type has a predefined
normal regimes, the adjustment being made autoailgtic

3. CONCLUSIONS

The combustion of gaseous fuels requires heightseeurity measures to prevent the
extinguishment or interruption of the flame. Therrmr studied in laboratory has a good
stability of the flame when is fueled with liqualigas and the gas from distribution network.
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HEAT MEASURE UNIT FOR CETRALIZED HEAT SUPPLY OF
DIRECT SUBSCRIBER STATIONS

Valentin BobiloV, Pencho Zlatély Zhivko Kolev}, Plamen Mushakdv
University of Ruse

ABSTRACT

This article provides an analysis of heat consionpdf University of Ruse at different regimes
of operation including work and holyday time ane ihcrease of energy consumption as result of
adding new energy efficient buildings. It was foutét the temperature schedule of distribution
network differs from standardized and establishedssible reason for this discrepancy. Identifaati
of possibilities to improve the accuracy of measgrof the heat energy consumption was done and
proposed new scheme of central heat measuringThétnew scheme of central heat measuring unit
will make it possible to control the mixing ratimchto maintain adequate parameters of the heat
transfer medium for the direct connection scheme

1. INTRODUCTION

Aim of this report is study the possibility of ogi direct heating substations in
centralized district network at University of Ruse.

Changing the type of substations implies the ctatiph of statistics of the parameters of
the heat carrier in the external heat transmiss@mwork under various operating conditions
and ambient temperatures including both periodsubbfload of buildings and periods in
which buildings are used only partially.

The report presents statistics on the thermal pamv&use University for the past four
heating seasons. Also has been analyzed heat cptisaorat University when connected to a
distribution network of new buildings. An analysisdata from instrumentation and measures
have been outlined for improving the accuracy wimeasuring the consumed thermal energy.

The heating of the university includes 20 sepabpaiiédings with a total heating area of
45607n. Campus has a heat transmission network in imphssallectors as individual
buildings are connected differently. There are dings in which heating is a direct and
indirect type of such heating substations with faater heaters and several new buildings
with plate heat exchangers.

2. METHODOLOGY

2.1. Statistics of heat meter readings

Compile statistics of the meter readings coverréogeof four years from the beginning
of the heating season in 2010. By the end of ttaiig season in 2014, the total number of
the data amounts to 377 as the period during wttiehmeasurements were performed is
different. Weekdays measurements were performed/ alay at 09:00 am and at weekends
Saturday and Sunday measurements were not perfpanddhen the amount of the energy
consumed covers a period of three days from Friddfonday at 9:00 am

Measurements of heat consumption are carried otiterbeginning of the campus heat
networks by using heat meter Kamstrup [1], which idevice for commercial accounting of
the thermal energy and is owned by the University.

Besides readings of the consumed thermal energgureaents were carried out of the

pressure and temperature of the heat carrier in tthesmission network as well as
meteorological data were collected on campus wsiBgvis Weather Station Model Vantage

2 Pro Plus
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The main weather information is speed and windctima, minimum, maximum and
average daily temperature and quantity of solarggnen a horizontal surface.

The results with the ambient temperatures and ¢hgpérature of the heat carrier in
transmission network are shown in Figure 1. folhdagating season.
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Figure 1: Statistics of temperatures

In Figure 1 with T1 is represented heat carriergerature in the supply pipe of the
network and with T2 is represented the temperaifitee return heat carrier pipe. Statistics of
heat consumption over the last four years are showigure 2.
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Figure 2: Statistics of energy consumption for imeat

Summary data for the heat consumption during thieftaur heating seasons are presented
in Table 1.

Table 1 Summary data for heating seasons

Heating seasor) Duration, Day€nergy for the period|, Heating degree-
MWh days at 12.0°C
2010/2011 150 5017.3 1322.05
2011/201. 152 6508.t 1700.8:
202/201. 151 5131.3( 1242.5;
2013/2014 145 5426.4 1130.45

2.2. Analysis of experimental data
From the data for the change in temperature ofhisat carrier and the environment
during the heating season is apparent that thearatye of the heat carrier in the supply heat
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pipeline varying from 70 ° C to 100 ° C dependingtbe climate outside temperature. The
change in temperature of the heat carrier in thenepipeline varying from 40 °C to 70 °C.

Standardized scheduling of the heat carrier tentyeran the district network for Ruse is
120 °/70 °C [2]. The change of the temperaturehefhiot heat transfer medium should be in
the range from 120 ° C to 70 ° C depending on timeatic conditions and the change of the
temperature of the cold heat transfer medium shioelth the range from 70 ° C to 40 ° C.

Therefore, the temperature schedule of transmistwork in the city does not meet the
standard. Possible reason for this is outdatedtreamission network and in order to reduce
accidents in the expansion joints is reduced medamperature. Covering the heating load is
done by increasing the volume flow of the heatsfanmedium.

Heat consumed by the group of buildings is caleddiy month and then is determined
the average thermal power of the complex.

The average thermal power of the buildings as ation of the average temperature of
the environment is shown in Figure 3

3 - B 2010/2011
2011/2012
= 2.5 X 2012/2013
s . 2013/2014
(o ——Linear 2010/2011
g 15 —— Linear (2011/2012)
S ——Linear 2012/2013
= 1 - ——Linear (2013/2014)
k5
I 0.5
. 0 T T T T T T T . T )
6 -4 2 0 2 4 6 8 10 12 14 16 18 20
Ambient air temperature ta, °C

Figure 3 Average heating power

It has been done a regression analysis of the geréh@rmal power of the buildings over
the years. The regression equations are shownhie Pa

The data shows that during the heating season 2012/and in 2012/2013 slope of the
straight line decreases due to the commissioninghef new building with high energy
efficiency. During the heating season 2013/2014 pedsnto operation another such building
as seen from the slope of the strait line.

Logically connection of new buildings to the distrnetwork leads to increased energy
consumption. Dissipated the less heating degres-daying the heating season 2013/2014
compared to the previous season.

Table 2 Linear regression of heating power

Heating period | Equation R-squared value
2010/201. Q=-0.111*ta+1.¢€33€ R°=0.€254
2010/2011 Q=-0.1346*a+1.9113 | °$0.9365
2011/201. Q=-0.1058*ta+1.¢41¢ R°=0.8947
2012/2013 Q=-0.1066*ta+1.9797 | *$.9752
2013/2014 Q=-0.101*ta+2.0726 “R0.8652

2.3. ldentify possibilities to improve accuracy of measuring of the heat energy

consumption

In some of the buildings attempts have been made us/brid heating substations /
combination of the direct and indirect substatemd the results are optimistic.

The remaining heating substations are based oratmatdndirect water heaters "pipe in
pipe" or plate heat exchangers, Bulgarian prododtiat are morally and physically outdated.
Also in the most of substation is missing equiprmeeTd measurement systems.
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Possible measures to improve the accuracy of tresuaned amount of heating energy
are:

» Construction of a monitoring system which covetdalldings irrespective of the
manner their connection to the district heatingvoek;

» Installation of second flow meter in the heat measunit at entrance of
University district heating network and connectafgoresent heat meter and new
flow meter with monitoring system;

» Reconstruction of old substations including rephaept of the heating equipment
and allows for connection of the building to thsetdct heating network in direct
scheme.

2.4. Scheme of centralized heat meter unit

The report proposes to reconstruct the heat meiiératithe entrance of the University
district heating network to allow remote readingd agventually regulate the quantity of
consumed heat when implementing direct substatmmisdividual buildings.

The principle scheme of the proposed heat met¢isishown in Figure 4.
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Figure 4 proposed scheme of heat meter unit

3. CONCLUSIONS

The proposed scheme of the heat meter unit faradeaed supply of the direct heating
substations provides an opportunity to its conoecto the monitoring system and using the
additional flow meter to display of emergency aecidscenarios such as break in the system
[3, 4].

Construction of the bypass connection with mixpgnp will make it possible to control
the mixing ratio and to maintain appropriate theapseters of the heat carrier for direct
connection scheme of substations

The use of a direct scheme will achieve followattyantages:

» Saving funds for reconstruction of old heating satisns;

* Maintain the heat transfer medium temperature closhe designed for most of the
buildings;

* achieving savings of electricity from substationsuating pumps;

» Operation of the heating system in the buildingnewsaen power supply interruption.
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ABSTRACT

The purpose of the work is to analyze the acésitiaken to increase the energy efficiency of the
Thermal Power Plant which is a part of the oveBalfjar Plants facility located in the industrial on
of the city of Gorna Oriahovitsa, Bulgaria.

1. INTRODUCTION

The Thermal Power Plant (TPP) is a part of the @V&ugar Plants facility located in
the industrial zone of the city of Gorna Oriaho#i{g, 4, 5]. TPP has been constructed for the
combined production of electric and thermal energy.

The thermal energy sent to the steam turbine lattah has been divided in two
components:

- thermal energy to consumers;

- thermal energy for electric energy production.

To increase the energy efficiency of TPP the foilg reconstructions have been carried
out:

- one of the steam turbines has been replacdwiadheme;

- heat exchanger statiam TPP has been built;

- heat supply system for overheated water steasnbean replaced with such for hot
water.

2. METHODOLOGY

2.1. DESCRIPTION AND ENERGY BALANCE OF TPP

The total area of the plant is 11,50G.rnthe TPP includes four steam boilers - two
Russian made BKZ-75-39 boilers produced by the &arhoiler works, one PK-35-39 boiler
and oneKM-12 both of Bulgarian origin produced by the G.K¢éw boiler works in Sofia.
The two BKZ-75-39 boilers and the PK-35-39 boilez aoal fired and the KM-12 boiler is
heavy fuel oil fired.

The combined cycle has been realized with backprestirbines. The technological
structure of the TPP at Sugar Plants is centraliakkdteam generators send steam to a single
collector, which in its turn distributes it and derit to the steam turbines.

Three independent branches of the heat supply mysteucturally form the steam
transfer network of the company have served thennteghnologic capacities — the Sugar
Refinery, the Ethanol Factory and the Confectiori@iant. The basic branch has been Branch
Ne2, which has served the units TPP — Repair-Mechaliorks — Sugar Refinery —

1 Department of Thermotechnics, Hydraulics and Eggltmiversity of Ruse, “Studentska” St., 7017 RiBelgaria,
+359 82 888 304zkolev@uni-ruse.bg
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Administration (Company Management) — Greenhousés Branch is subject to the present
research. BrancNe2 has been fed with heat carrier from collectorNdRa of the TPP.

During 2004 (the last year before the made recoatstms) TPP has produced 236,571
tons of steam, which has been distributed as faiow

- steam from the TPP 160,218 tons;

- auxiliary needs of the TPP 76,353 tons;

- steam passed through turbines 207,678 tons;

- steam from steam reducing and cooling unit 281883.

The total heat production of TPP Sugar Plants fa@42year has beenl77,507 MWh,
which has been distributed for:

- electricity production 19,041 MWh;

- heating purposes of TPP and losses 32,790 MWh;

- consumers of heat energy 125,675 MWh.

The thermal energy balance of the TPP has been maatEordance with the structural
equation 1 [1, 3].
Qrpp= PeL + Ryt + P+ Qe+ Qro+ Qo + AQsg, (1)
where: @ppis total thermal consumption of the power plantVii

PeL - produced electric energy from the generators,iMW

Put - mechanical losses of the turbine, MWh;

Ps - generator losses, MWh;

QepT - heat from the backpressure turbine;

Qrp - heat from the steam pressure reducing device;

Qpi - losses in pipelines;

AQsc - losses in the steam generator.

In the concrete case the components of equaticio(2004 had the following values:

Qrep= 177,507 MWh;

PeL= 9,265 MWHh;

Put + Ps = 32,790 MWh;

QepT + Qrp = 125,676 MWh;

AQsc=52,675 MWh.

2.2. DESCRIPTION OF THE SYSTEM — AN OBJECT OF REJH2H

In figure 1 a principal scheme of the system froPPTwhich has been an object of
research is shown. As is shown in the principatsnd, the steam turbine 1 has worked with
backpressure 8 = 13 bar. In this case, the theemetgy required for heating, ventilation and
domestic hot water (DHW) to the consumers incluhetthe heat supply system Brankh 2
has been provided from overheated water steam.
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Figure 1: Principal scheme of the system from TRR ebject of reconstructions

The heat balance for 2004 of the overheated stesrsumers, connected to Bransi?

is presented imable

1.

Table 1: Energy balance of the heating capacities
of the consumers connected to Braieh

Ne Heating capacity of the branch #22 (calculation regime)
The name of the consumer Heating Ventilation DHW Total
- t/h t/h t/h t/h
1 Thermal Power Plant 798 112 726 1,636
2 Repair Mechanical Factory-RMF 1,815 173 294 2,282
3 Sugar Plant 3,436 98 980 4,514
5 BlockNe6 (Institute for sugar production) 845 0 251 1,096
4 Administrative building (Company management) 747 0 522 972
6  BlockNel5 394 0 133 527
7  BlockNel6 233 0 74 307
8  BlockNe9 184 0 55 239
9  BlockNelO 184 0 55 239
10 Greenhouse 429 0 0 429
Total for branch Ne2: 9,065 383 2,793 12,241

The specific characteristics of the heat supplytesysof BranchNe2 have been as

follows:

A. The steam line has been designed for heating dasaconsiderably exceeding the
present needs. This fact has led to occurring of serious issues related to decrease of the
heat carrier flow rate and change in the degreehef simultaneous exploitation of the
consumers. The effect from this is negative andneed the following:

A.1. reduction of the steam velocity, which leadedincrease of the steam line heat
losses;
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A.2. the transportation in saturated state requirembmpulsory blow-down of the pipe
network, which leaded to additional energy losddseat and condensate;

A.3. in order to reduce the length of the heat oekwsections, working at regime of
saturated water steam, the TPP has forced to ealth@¢emperature of the output overheated
water steam from a collector of 0.6 MPa, which heffected negatively on the electricity
production and on the total heat losses from tla¢ teeding system.

B. Condensate from the consumers, included in theestBranchNe2 has not returned.
This peculiarity has formed the substantial parthef energy inefficiency of the existing heat
supply system.

C. The general state of the heat insulation of tharstéine, especially in the section
between the Sugar Refinery and the Administratias heen unsatisfactory. The state of the
underground sections, between Administrative bogdind the connected to it end consumers
— units No. 6, 15, 16, 9, 10 and Greenhouse, hais sienilar.

D. The pipelines and the supporting elements of tipelipies have required additional
investments for preventive maintenance and repair.

E. The steam line has been type lll category in acuwrd with the Ordinanc&15 and
has been subject to technical supervision.

As is seen from the listed disadvantages of hggilgisystem BranciNe2, there has been
an objective need to change the scheme in accardanmcrease the energy efficiency of
TPP.

2.3. RECONSTRUTIONS IN THE SCHEME IN ACCORDANCE TRCREASE THE
ENERGY EFFICIENCY OF TPP

To increase the energy efficiency of TPP in acaocdawith the listed disadvantages of
heat supply system Brandw2 the following reconstructions in the scheme héeen
proposed and implemented:

» The steam turbine 1 has been replaced in the shgtin a steam turbine 2 which has
two adjustable steam extractions (one for overlestisam at a pressure of 8 + 13 bar and one
for saturated steam at a pressure of 1.2 + 2.5 Bhu)s, on the one hand achieves an increase
in the quantity of electricity output from the tumb with the same amount of steam supplied
from the steam generators (turbine 2 has a biggark veurface). On the other hand
concerning the reduction of thermal energy consiongdor heating, ventilation and DHW it
enables this heat to be provided from steam tovar@ressure (1.2 + 2.5 bar).

» In order to reduce the heat losses from the t@tesjion of the heat energy required
for heating, ventilation and DHW, a Heat Exchangetion in the TPP has been built.

» The heat supply system Bran§t? has been reconstructed from heat supply system
for overheated steam (p = 5 bar, t = 2@) in heat supply system of hot water (t = 95770,
supplied by the built Heat Exchanger Station.

In figure 2 a principal scheme of the reconstrusgstem is shown.
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Figure 2: Principal scheme of the reconstructetesys

2.4. RESULTS FROM THE MADE RECONSTRUTIONS

Table 2 shows a comparative analysis of the arenmigy losses for one calendar year of
the steam heat transfer network and the hot wedasfer network of BrancNe2 as a result
of the made reconstructions in the scheme. Thengtes have been estimated on the base of
the individual network subbranches’ characteristioed the working regime of the heat energy
consumers.

Table 2: Energy losses before and after replacenfahe heat supply network

L osses Summer Wlpter Total Dimension
regime regime

Heat transfer losses 1,174 1,492 2,666 MWh/yr
Warming losses 101 MWh/yr
Blow down losses 476 605 1,081 MWh/yr
Losses from nonreturn condensate 537 2,305 2,842MWhl/yr
Total annual losses before reconstruction 6,690 MWh/yr
Heat transfer losses 285 362 6MBVh/yr
Electricity consumption for pumps 163 207 371 MWhlyr
Total annual losses after reconstruction 1,017 MWhlyr

The results in table 2 shows that the reconstmatif the heat supply system Branch-2
leads to significant reduce of the energy losseisthis is a reason for increasing of the TPP

energy efficiency.
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3. CONCLUSION

The new technical solution — replacement of the hetwork from overheated steam to
hot water 95/7%C has leaded to the following results:

= the expenses from not returned condensate haveetiegnated;

= the losses from heating up and blow through ofpipes have been eliminated,;

= the heat losses from the steam transfer haveredeced significantly;

= new opportunities have appeared for more efficregulation of the heat power of
the consumers, this has leaded to additional erseargyngs;

» the generated by the TPP electricity has incredsedo the replacement of the steam
turbine;

= increased operational reliability of the heat sypgylstem;

» the category of the heat supply network has chariged III to IV according to
OrdinanceNel15, which allows the supervision to be performedcbypany or authorised
person.
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SOME ASPECTSOF CYCLE VARIABILITY
AT AN LPG FUELLED DIESEL ENGINE

Alexandru Cernat Constantin Pana, Niculae Negurescu
University Politehnica of Bucharest

ABSTRACT

Liquid Petroleum Gas fuel can be a viable fuel dwéts ability of diesel emissions and fuel constionp
reduction. Its special physic-chemical properti@bjch make is suitable for spark ignition enginksd to
specific aspects of the in-cylinder combustion @mgjine mechanical running for diesel engines. Thenm
aspects of LPG combustion variability in the diesegine are analysed from the point of view of maxin
pressure rate, maximum pressure timing, maximunt relaase rate, following the criteria of reductioh
combustion variability in terms of indicated malfifieetive pressure and maximum pressure. Compartitiee
classic diesel engine fuelled only with diesel fubke cycle variability increases for dual fuellinbhe cycle
variability is influenced in a direct way by thecirease of LPG cycle dose which will lead to thaéasing of
the cycle variability coefficients values, maximymmessure, maximum pressure rate, heat releasandteycle
angle points of burn mass fractions. The calculat@des of these parameters are bigger compartiivee
normal values of diesel engines, but don’t excéedniaximum admitted values that provide enginalbdity.
From the analysis of COV values of the engine patars, the maximum admitted values of LPG cycleades
are also established.

1. INTRODUCTION

Nowadays, Liquid Petroleum Gas is a worldwide ak¢ive fuel used on a large scale for
internal combustion engines. The mixture formirfge heat release, the energetically and
pollution performance of the engine are influendsddifferent vaporization and burning
properties of the LPG comparative to diesel fuéghidr combustion rate of air-LPG mixtures
leads to the increase of maximum pressure and mamwinpressure rate rise, with
consequences on cycle variability. Thus, the marimuPG cycle quantity admitted inside
the cylinder can be limited for efficiency, mechali reliability, noise, smooth running
reasons. The higher auto ignition temperature efURG, in the field of 481...52@ versus
225°C for diesel fuel, can allow the use of excessifeies for the compression ratio and may
required the use of additives for CN improvemenbfthe diesel fuel pilot injection for air-
LPG mixture ignition. The use of LPG at diesel emgioperating on diesel cycle, will
required the use of diesel fuel pilot for LPG igmit LPG raised vapour pressure assures
forming of air-LPG mixtures of higher homogeneiljigher octane number (ON propane =
111, ON n-butane = 102 and ON i-butane = 94), aibgrlaminar velocity comparable with
the one of gasoline (0.46 m/s) [1], [2] makes tiGLa suitable fuel for SI engines. Starting
the combustion into a relative lean high homogenaiir-LPG mixture influences the
combustion process and cycle variability. Also, evithflamabillity limits of the liquid
petroleum gas 2,1...10,4 % versus 0,6 ... 55 % fesali fuel, smaller combustion
temperature and the its lower carbon content wiluence the combustion cycle variability
and may lead to an improvement of the combusti@tess and of the pollutant emissions,
[1], [2], [3], [5], [6]- The cycle variability forair-LPG mixtures is analyzed comparative to
diesel fuel fuelling for a 1,5 litre direct injecti supercharged engine, type K9K from Dacia
Logan.

University Politehnica of Bucharest, Splaiul Indegdentei no. 313, 0723470021, cernatalex@yahoo.com
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The engine is fuelled with diesel fuel and liquietneleum gas by diesel gas method,
the LPG cycle dose is injected inside the inlet ifiadch and electronic controlled by a
secondary ECU connected with the main engine ECU.

2. ASPECTSOF CYCLE VARIABILITY STUDY

Difficulties for LPG use at the Cl engine (a lonetane number, high autoignition
temperature) implied special solutions for mixtiweming and combustion control. The air-
LPG mixture in a higher state of homogeneity, dugtopane higher vapour pressure will
lead to a high velocity combustion process, after flame nucleus is forming inside the
cylinder next to the diesel fuel jet boundary, [2], [3].
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Figure 1. Maximum pressure at 2000 rev/min (1000 rev/min speed (right) and
100% load regime, for different substitution ratios

For different energetically substitute ratio of skéfuel by LPG, xc, were analyzed
individual pressure and heat release diagramsenms of maximum pressure, maximum
pressure rate rise and heat release rate. Fdo&dland 2000 rev/min regime, the increase of
LPG cycle dose leads to the increase of cycle maxinpressure and maximum pressure
cycle dispersion, thus the dispersion of successimaing cycles increases, figure 1. Also,
the angle value for maximum pressutemax IS registered closer to the TDC, with is
generally related to a rapid, brutal combustionisTdspect is related with the increase of
maximum pressure values and of maximum pressurke epriability when the LPG dose
increases.
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The forming of higher homogeneity air-LPG mixtumadls to higher combustion
velocity, during the performing mixtures combustjmase, by kinetics of chemical reactions
at low temperatures. This fact implies the increakén-cylinder maximum pressure with
10% at maximum diesel fuel-LPG substitute ratiaj also the increase of maximum pressure
rate rise value, figure 1, 2. For this operatingjmee the values registered for averaged cycles,
shown as “val med”, are completed with the minimamnad maximum values registered in the
individual cycles, shown as “val min” and “val maxéspectively. The increase of maximum
pressure rate rise is maximum for xc=9,25 and it vd8% bigger comparative to the
reference value. This increasing in maximum pressate rise will be limited thru the value
of substitute ratio at xc=10, at maximum torqudmeyg leading to values that don’t exceeded
7 bar/CA deg. For the other xc substitute ratilos,ibhcreasing percents in maximum pressure
rate rise are much lower, 23% for xc=2,59 and 33{88xc=4,48, respectively. The lower
increasing comparative to the reference regimeniisx€=5,98 with 18%, with an absolute
value of 4,5 bar/CA deg, [3].

At 4000 rev/min speed regime, the LPG cycle guansitmuch bigger and the in-
cylinder pressure reach values with 23% higher amatjve to the diesel fuel fuelling, for
xc=40. Values of 160 bar registered in some cydesg to necessity of substitute ratio
limitation in order to maintain engine reliabilitfkfrom xc=20, the cycle dispersion of
maximum pressure angle increases comparative témmax pressure values, figure 1. Also
the maximum pressure rate rise registered increzaeds comparative to the only diesel fuel
fuelling, figure 2. The most important increasel80 % is for xc=40 substitute value, for
which the maximum pressure rate rise is in the afe8...10 bar/CA deg. For the other
substitute ratios the increasing percents for marinpressure rate rise remains significant:
74% for xc=18,3 and 82% for xc=29,5 versus diegel.fFor a energetically substitute ratio
of xc= 30...35, the maximum pressure rate rise valmesin the area of xc=9,25 from
maximum torque speed, 2000 rev/min. For xc=40,ntlagimum pressure rate rise climbs to
higher values around 10 bar/CA deg. This fact bexomm new limitation criterion for the
substitute ratio value. The limitation of xc is@lgquired by variability coefficients in terms
of maximum pressure rate rise (CQ@Q¥jmmax 5,129 % at xc=0, 2.761 % at xc=2,58, 3,624 %
at xc=5,98%, 4,124 at xc =9,25 for 2000 rev/min 84P6% at xc=0, 6,641% at xc=18,3,
9,207 % at xc=29,5, 7,835 % at xc=40% for 4000mav/
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Figure 3. Variation of coefficient (COWyax With substitute ratio at 2000 rev/min
(left), 4000 rev/min speed (right) and 100 % load

Following the aspects that lead to the establisloihg maximum substitution ratio,
can be also taken into consideration the valueydg variability coefficients for in-cylinder
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maximum pressure and IMEP, (CQMxand (COV),, respectively. The cycle variability can
be very well appreciated by the values of thesedwefficients, and they are related with the
engine adaptability for traction. The normal autdi® manoeuvrability is assured if
(COV)pmax respectively (COV) , don't exceeded 10 %. [8]. The coefficient (Cehxdon’t
exceed values of 4 % at 2000 rev/min speed andofadl, figure 3, being registered a slightly
increase of the coefficient value with the LPG dd@&e4000 rev/min speed regime, the higher
dose of LPG leads to a much segnificant contingoustrease of (COWax Even the
maximum value doesn’t exceed 3%, with no reasonxéotimitation, the further increase
tendency of (COWphax With xc, especially for xc>30%, can be take inbmsideration, figure
3. For MTB speed regime, IMEP cycle variability (€ is 3 times higher for maximum
LPG cycle dose comparative to diesel fuelling, feggd. From this point of view the substitute
ratio limitation at xc = 9.25 % obvious. If is adted as limit value [(COW) Jmax = 10 %, a
limit value in substitute ratio of xc = 8 % resul3].
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Figure 4. Variation of coefficient (COW)with substitute ratio at 2000 rev/min (left), 4000
rev/min speed (right) and 100 % load

For xc=40% the value of coefficient (CQV)s 14 times bigger comparative to
reference value, figure 4. Thus, become necesharyinitation of the LPG dose at 40 % in
order to maintain the normal engine running forlduelling.
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Figure 5. Maximum heat release at 2000 rev/min)(l4D00 rev/min speed (right) and 100 %
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If the admitted limit is [(COVy]max= 10 %, then the substitute ratio will be limited
Xc =25 %. Thus, the maximum pressure and maximuassure rate rise are limited akp=
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150 bar and (dptdmax = 6 bar/CA deg, respectively. At 4000 rev/min, thignificant
increase in LPG cycle dose leads to the increasimg-cylinder maximum pressure rate due
to the increase of cycle heat release, seeingishat variation for the medium values of
maximum cycle heat releaseé(da)max, in the investigated rage of xc, figure 5. The
maximum values of the heat release rate, from ridevidual cycles, continuously increase.
The maximum heat release obtained values are angondth the variation of the maximum
pressure and with the variation of the maximum swes rate rise at the same operating
regime. The maximum heat release rate diagramemré®side values from the averaged
cycles, “val med”, also the minimum and maximumuesl from the individual cycles, “val
min” and “val max”, respectively. The most importamcrease of 160% is registered for the
maximum LPG dose, for the other quantities theeasing percent being 39% at xc=18.3 and
28 % at xc=29.5. Thus, the higher values lead ¢dithitation of the LPG dose at 40%. The
calculated values for maximum heat release ratke ayariability coefficients, (CO\Qe/doymax

are 34,1% at xc=0%, 86,22% at xc=2,58, 56,54% &b,88, 52,01% at xc=9,25 for 2000
rev/imin and 35,35% at xc=0, 22,85% at xc=18,3, 8% at xc=29,5 and 32,66% at xc=40 for
4000 rev/min. The position of the burned mass ivastof 5, 10, 50 and 90% versus TDC is
directly influenced by these phenomena’s. For 2@@0min, the conventional 5% and 10% of
heat release appears much earlier comparativeeseldfuel, for all substitute ratios, in a
direct proportional dependence with the increasieRgs dose. The 90% burned mass fraction
is archived later on cycle comparative to diesel,fbecause of a lower heat release quantity
during the main phase, 50%. The increase tendemcgombustion process variability,
reflected in the variability of the angles, a10 andaso, with the increasing of the LPG cycle
dose is also remarked. Thus, only for diesel fogllthe values of the cyclic variability
coefficients increases from (CO¥F28.3 %, (COW10=33 %, (COVps50=30 %,
(COV) 090=29.9 %, to values of (COWU}=49.4 %, (COVd10 =80 %, (COVhso =31.3 %,
(COV) ago =34.7 % for the maximum LPG dose, xc= 9.25, [t B000 rev/min appear the
same phenomena of an earlier release of 5% and dfOBturned mass fraction for dual
fuelling. The increasing of LPG dose leads to theeteration of the heat release during
combustion, the acceleration of the combustiongss@and of the sooner achieving on cycle
of the 50% and 90% burned mass fractions, comparatd diesel fuelling. Also the
amplification of the combustion cycle variabiligxplained byas, a1o, aso angles variability

is present when the LPG cycle dose increases.iEselduel fuelling the values of coefficient
(COV)as=45.5 %, (COVdi10 =29.5 %, (COViso =4.5 %, (COV)go =6.1 %, are much lower
comparative to the values registered for diesel #ifG fuelling: (COVNs=89.5 %,
(COV)a1o =64.1 %, (COViso =84.6 %, (COV)go =46.8 %, values calculated for maximum
LPG dose, xc= 40, [3]. Also this phenomenon isteglavith a combustion process closer to
TDC and leads to the increasing of the maximumguesrate rise during the combustion
process.

3. CONCLUSIONS

The experimental study shows the main charactesisti the engine running for diesel
fuel and diesel fuel-LPG fuelling. Thus, the maamclusions can be formulated:

1. The diesel fuel and LPG engine fuelling leadsnparative to classic diesel fuel fuelling to
an increase tendency for maximum pressure ratédpgen)max and cycle variability (COV)
increasing.
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2. The diesel fuel substitute ratio by LPG, xclingited by the maximum values or by the
maximum variation interval of same running charastie parameters of the engine, as is
follows: if the maximum admissible level of the &yovariability is (COV)i = 10 %, for
IMEP, then the substitute ratio will be limitedxo = 8 % for 2000 rev/min and to xc = 25 %
at 4000 rev/min, respectively; if the maximum puessrate rise is limited to the value
(dp/do)max = 8 bar/CA deg, then the LPG substitute ratio iéllimited to xc = 10 % at 2000
rev/min and to xc = 40 % at 4000 rev/min, values thill lead to a maximum acceptable in-
cylinder pressure level of 160 bar;

3. The partial substitution of diesel fuel by liquetroleum gas leads to the increasing of the
heat release rate during the rapid combustion phstsewved by the raised level of the
maximum heat release ratef{d)max and earlier achievement per engine cycle of 5% and
10% of burn mass fractions from the heat releaserédsing ofis andaio angles values).
This influence is correlated with the increasingdency for maximum pressure rate rise
values and for in-cylinder maximum pressure values;

4. The partial substitution of the diesel fuel b§@& leads to the increase of cycle variability
for the beginning of the combustion process, shbwthe variability of the anglass anda1o
with a direct influence on cycle variability forditated main effective pressure IMEP,
(COV)pi and maximum pressure, (CQMx.
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HOT AIR DISTRIBUTION THROUGH MAIN BUSTLE PIPE ON THE
TUYERESOF A BLAST FURNACE

Eugen Dimofté, Florin Popescu, lon V. lon
“Dunarea de Jos” University of Galati

ABSTRACT

The paper consists in the numerical modelling eftibt air distribution in the tuyeres based onatine
flow intake into the main bustle pipe of a blastnace. As a result of the analysis, the minimumbiast air
flow can be determined that must enter the maitidopgpe in order to ensure a uniform distributafrthe air in
each tuyere.

Key words: Numerical modelling, discretization web, main beigtipe, tuyeres, blast furnace

1. INTRODUCTION

The accomplish of physical and chemical proceskas dccur in a blast furnace
requires a high temperature, temperature thattesiredd by hot air coming from cowpers and
reaching the furnace by blowing hot air installaticAir from blowers is introduced in
cowpers and heated to a temperature of about 126066 cowpers, the hot air is introduced
into the annular duct to the furnace at a presetir®5 bar. From ring pipe, the warm air
enters through elbows in the tuyeres of furnace.pgfFoper development of physicochemical
processes, the distribution of warm air inside finenace must be uniform. This uniform
distribution is achieved through the installatidnhot air blowing into the furnace, which is
composed of annular pipe, elbows and tuyeres. Tmber of elbows and tuyeres varies
depending on the size of the blast furnace. Théyaea air feeding plant has 32 elbows and
tuyeres.

2. PURPOSE OF THE WORK AND APPROACH

This paper consists of the numerical modeling & phessure distribution of hot air
inside the tuyeres depending on the inlet pressbirtne hot air in the annular pipe of a
furnace. To solve this problem it was used the ArS¥D (Fluent).

The purpose of this paper is to determine the gtinput pressure in annular pipe so
that to obtain an uniform outlet pressure for &k 32 wind holes. In this respect, three
simulations were performed varying the inlet presso annular pipe.

3. DATA PREPROCESSING

Whatever the numerical methods used in solvingedgam flow problems, the
simulation is done in the same sequential stagesely:
1. Setting the simulation goals, step in which thebjgm is analyzed and the parameters of
interest are set up, i.e. the unknown quantitiegetaealculated, which are significant for
the studied problem;

! Galati, 47 Domneasca St., E-mail: eugen.dimoftel@yacom
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2. Defining of domain analysis, stage in which it etermined the geometrical shape of the
domain that provides both spatial framing of thedstd problem and the possibility of
correct setting of boundary conditions. At thiggstathe domain is drawn also.

3. Meshing of analysis area, step in which the anslissidivided into finite elements, also
known as cells.

4. Definition of mathematical models, stage in whible set of equations that models the
phenomena characteristic of the studied probleohase. The set of equations includes
the constitutive equations describing the physicaperties of substances.

5. Introducing of boundary conditions. A number of graeters required for numerical

calculation are defined, parameters usually knowthelimits of the analysis domain.

Numerically solving of problem. The unknown quaestare calculated.

Graphical post-processing of results. Derived patars from those obtained in the

numerically solving stage are calculated and arawdr a number of graphical

representations of the results.
The first five stages of simulation represent poepssing and are essential in defining

a problem that is solved numerically. Usually, aodjgpart of the time required by a

numerically solving of a problem is assigned ts stage.

No

3.1 Drawing of model

The model drawing can be achieved by using any @B package. In fact this is
just the calculation domain for the establishedf@m. In this respect, the refractories inside
the ring pipe, elbows and hot air feeding pipe widit be plotted, but actually just the
calculating domain for the given flow problem.

The graphical representation was made using thel£Adftware by respecting the
size of components of hot air blowing plant inte thlast furnace as they result from the
technical documentation of the blast furnace. Thguré 1 shows the facility of hot air
blowing into the furnace.

Fig. 1. Plant of hot air blowing into the furnace.
3.2 Meshing of analysisdomain

After the drawing of analysis domain this must seetized. Ansys CFD (FLUENT)
has a solver for unstructured networks, so themoigimit for the meshing of domain, the
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most appropriate meshing could be chose to geonaatdy problem. Are supported both
structured network, multi and unstructured networks

In the studied problem, due to the geometry conipledf the domain analysis, the
mesh network is unstructured. The figure below ples mesh network domain analysis.
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Fig. 2. mesh network of analysis domain.
3.3 Alegerea modelelor matematice s definirea conditiilor lalimita

As a mathematical model was chosen the viscositgeinbecause the fluid flow
velocities are high. The Boundary Conditions arpased in some points for the calculation
variables. The values of these parameters areduntexl before the start of the calculation
itself and have a significant impact on the resutts they must be defined correctly as
possible. For the analyzed case, the pressure ratlaanduct inlet is 3.5 bars and the
temperature is 1200°C (1473 K). At exit, the pressa 0 and the temperature is the same as
for entering. Although circulated air temperatuee quite high due to excellent thermal
insulation that is lined both annular pipe and elb@nd tuyeres, the temperature variation
inside the warm air blowing plant is neglected.

3.4 Numerically solving of problem

To solve the proposed problem, the convergenterieriwvere met after a total of 200
iterations.

4. DETERMINATION OF INLET MINIMUM PRESSURE

Determination of the entrance minimum pressureMaich the pressure for all tuyeres
is approximately the same, was accomplished byessiwe attempts, using three input
pressure values 1.5, 2.5 and 3.5 bars and followiegdistribution of pressure on those 32
tuyeres. The Figures 3, 4, and 5 show the distdbutf pressure on each tuyere as function
of the inlet pressure in annular pipe.
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Fig. 3. Distribution of pression on tuyeres forialet pressure of 3.5 bars.
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Fig. 4. Distribution of pression on tuyeres forialet pressure of 2.5 bars.
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Fig. 5. Distribution of pression on tuyeres forialet pressure of 1.5 bars.
5. RESULTSANALYSIS

As seen from the distribution of pressure on thetes for the three values of inlet
pressure for which the analysis of the proposedlpm was made, the inlet minimum
pressure for each tuyere is approximately equad.f bars. In the Figure 6 is shown a
longitudinal section of ring pipe at the value it pressure of 3.5 bars.

3
0 5000 10.000 (m) TC—-J

Fig. 6. Pressure distribution in longitudinal seotdf ring pipe at the inlet pressure of 3.5
bars.

In Figure 6 can be noted an approximately equatiligion of pressure in the analysed
section and therefore an even distribution of pnessn all tuyeres.

37



6. CONCLUSIONS

According to the obtained results the minimum vabfieghe pressure of warm air at
blowing facility inlet for which a uniform distriiion of pressure was obtained on the 32
tuyeres is 3.5 bars. For an inlet pressure lesstthia value the pressure distribution becomes
non-uniform with negative implications on physieald chemical processes taking place in
the blast furnace.

Due to the large gap between the annular pipecsestirelation to the amount of the
exit sections of tuyéres, the annular pipe storesrsiderable amount of air playing the role
of an air tank.

Playing the role of air reservoir, the annular pgresures an uniform distribution of
pressure on tuyeres when the inlet pressure iuatieq
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RESULTS OF OPERATIONSFOR THE STORAGE
AND HANDLING OF WILLOW ENERGY CROPS

Arpad Domoko} Lucian Mihiescd, lonel P§32, Elena Pop

ABSTRACT

Energy willow cultivation began, at European lewelthe 1970s. Today, renewable energy production,
captures the interest of more and more.

Is the aim of achieving some hybrids (today theratiout 300, of which 12 have excellent resultg)y w
a long period of recovery, up to 25-30 years.
Romania has integrated this trend by cultures maaderding to possibilities of the investors.
There is no centralized actions, the area has a widge of estimates, from 600 ha to 2000 ha.dsiBnated,
however, that there is propitious surface cultdrabmut 500 000 ha, represented by land with highibity. At
the moment there is no legislation that actuallypsut crops, but is to be expected of such a lgaedework.

The current stage, however, needs to respond torpypties to exploit the willow
harvested. For these answers depend further dewelupof future crops.

It is noted that the theoretical research, expamaieand applied even on combustion
technologies are in advanced stage, with certadiegements. For this purpose it is noted,
thermal power boilers (designed and built) for @llchips between 20-1000 kW.

There are still problems to solve, related to dyeamics of harvest, transport and
storage. Regarding storage is mentioned that eneilipw represents an agricultural plant,
already registered in the Official Catalogue ofrPldarieties of Culture in Romania, which
has a number of features of positive energy. THestires give it a prominent place on the
level of energy plants cultivated in Europe. Conapato the rest of the plant, salicin content
represents an undeniable advantage.

Salicin as a material preservative ensures willas ¢hips) the opportunity to be
stored for long periods (even years), only on acoete platform and without a roof. The
experiments carried out have confirmed this.

Harvesting energy willow is made with different rhaees, in most cases combine the cut,
chop and throw the resulting product in a trailer.

The town Poieni, Miercurea Ciuc, but also in Sweddangary, Slovakia, samples
were made samples storage with willow chips fofedént periods of two months, one year,
two years and three years, making in parallel dateations for moisture and calorific power.

In Poienile - Covasna were initially grown in 22ctees, the first mechanical
harvesting is carried in February 2012 with a J@®ere machine. Harvesting speed was
about an hour to hectare.

Chips willow transportation can be done with wadkifioor semitrailer for longer
distances and with trailers (30-40 cubic meterymecial container for smaller distance. The
trailer and container loading is made by front kradifter harvesting in February 2012, has
revealed the importance of binomial harvesting)dpmrt and storage.

If the storage platform is channeled (or drain watso that chopped willow does not
sit in water and chopped willow dumps is 2-3 m, takre found the following:

! Association Green Energy, Sfantu Gheorghe, Cov@snaty, Romania, emaitffice @greenenergycluster.ro
2 University Politehnica of Bucharest, Faculty of étanical Engineering and Mechatronics, tel. +4029468.
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- moisture at harvest is 53-55%; after two montlas weduced to 20-21% and after approx. 3
months was stabilized at 15-16%;

- the waste dump surface to a depth of 10-15 crbbas observed water intrusion resulting
from rain or melting snow layer that has changddrgcdecoming darker. After some time (a
few days) without precipitation, this layer driesthe hot season. Winter wet layer freezes,
forming a hard shell, but below this layer matekight at 15-16% humidity;

- analysis of calorific power revealed that theodéic value increased with of the decreasing
of the humidity, and this was the same (close)fégrént points of the heap, including the top
layer;

- the willow dump condition after different periods not damaged, with few exceptions,
when for various reasons, rainwater could not deasid chopped willow stayed long time in
water. In these cases found no visible damageaftert drying, was found minor deviations of
calorific values.

Figure 1 and 2 present aspects of open and cléseye activity at the base of Poienile.

Figure 1. Open storage of the energy willow. Poienile Village

Figure 2. Aspects of closed storage activity at the base of Poienile.
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The transport and storage container is shown inrEi@. Such a construction ensures
operation of a 350 kW boiler in St. George at asage factory.

[l

Figure 3. The transport and storage system

All issues related to the development of energyppled willow is solved considering
two major targets:
- for heating by hot water producing in specialibeders;
- for the production of electricity, with or withbaogeneration (production and heat).
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If the first possibility of recovery, are somewlatver consumption and local storage
can be accepted at a distance from the harvestaagia the second case it is obvious that the
power plant location to be in the vicinity of thiaptation.

For heating, especially for those in urban areass weveloped the transport and
storage in high volume containers. Containers oegladeposit being changed after
consumption.

Case studies and feasibility studies have indictitatipower plants less than 250 kW
are the most economical. This implies a plantatie about of 100 ha. The power plant is
higher, the energy production is more efficient; imgreases exponentially issues of storage
and handling of energy willow.

This work was supported by a grant of the Romanian Authority for Scientific
Research, CNCS-UEFISCDI, project number PN-11-1D-PCE-2011-3-0698.
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ANALOGY IN PROCESSES OF DESTRUCTION OF FRAGILE
CAPILLARY - POROUS COVERINGSAND METALLIC STEAM-
GENERATING SURFACESIN POWER INSTALLATIONS

Alexander GenbacéhKarlygash Olzhabaye¥alliya lliev?

ABSTRACT
In the given article the analogy in the procesdes lomit condition of weak capillary-porous
coverings and a metal heating surface is drawwa#t considered that real factors of development of
concentrators of tension are revealed on the ludidise physical model of development of a steam
phase in capillary and porous coverings. The rélthermal tension of compression and stretching,
depending on brought thermal streams, is showtheatime of their coming, the sizes of coming-off
particles of a destroyed material and depth of yatien of thermal waves in studied materials.

1. INTRODUCTION

The inner thermohydraulical characteristics oflibgiliquids inside, as well as on the

surfaces of capillary-pore structures [1] are exediin order to create reliable cooling
systems for the heat-loaded units in heat and powallations.
Capillary and porous structures can be made of nfésious, ceramic, felt materials. It is
possible to use fragile capillary and porous cawggifor their modeling. In this connection,
we’ll draw an analogy in destruction processesheffragile coverings with metal protecting
construction that differ in small porosity and heanductivity.

2. METHODOLOGY

The dynamics of tension in steam bubbles existingapillary and porous structures is
presented in figure 1. Rapid shooting allows toeobs and generalize internal characteristics
of boiling liquids [2-4].

Both the tension of compression waves and the expas of steam bubbles that
extend into a steam-generating surface, or in stealome, can be destructive ("deadly”) —
i.e. death of a steam bubble, or creative ("vigbilel.e. the birth explosion of a steam germ,
which will have a number of stages in its developtm@ critical stage and a silence stage)
when relaxation, rest, stability of phases, stngtarder, balance and symmetry are observed.

The model of the generation process, developmedtthe separation of a steam
bubble in an active stage of the steam-generatiaj,oovered by porous structure, is
presented in figure 2.

The model of tension representation of the dynamand "life" of a steam phase
allows to model and draw analogies in processesk<aa crack disclosures», and to reveal
the main components of thermal tension in the destm mechanism of capillary-porous
coverings.

1 professor Dr.Sc., AUES, Kasachsteaterina-1@rambler.ricell phone: +78727 2630601

2 Ph.D. Student, AUES, Kasachstiarla210784@mail.rucell phone: +78771 415 35 71

3 Professor, PhD, Ruse University, Ruse, Bulgariaaé: iiliev@enconservices.caneell phone: +359 887306898
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Tension dynamics in life of (light) phase in steeaypillary porous structure

! ! ! ! ! ! ! !

The Speed of a | Time of | Intensity of | Density | Frequency | Detacha | Time of the
spontaneous | bubble’s existence| pulsations | of the | of bubbles | ble silence
(explosive) development| (life) of a | of a bubble| centers | generation | diameter | center
birth of a Form and bubble of at the (balance,
bubble of the | bubble bubbles moment | stability)
critical size outlines regener of death
(tension birth) ation ("death")
in the center of a
of activation bubble

(tension

removal)

Rebirthof a new steam germ in the activation cel
(in a tension concentrator)

Figure 1. Dynamics of tension in a steam (easy}@lexisting, alternating in its
development the tranquility, balance and stabibitp catastrophic disorder in cells of
capillary and porous structure

L

r b

The fig. 2 lllustration of process of appearanayeopment and the separation of a
steam bubble in an active time of the steam-geingratall, covered with porous structure:
1 — wall; 2 — hollow; 3 — porous structure.

Regarding the thermal destruction of weak capjtporous coverings and a metal
wall in power installations, it is required to firmit the influence of the specific thermal
stream size, which is brought to a surface, andtithe of its impact on the creation of
breaking points, granulometric structure of comirfiyparticles, and for metals — the depth of
penetration of temperature indignation. In somek&pothe crucial part in the destruction is
assigned to the thermal tension of stretching, hees value of strength of weak porous
coverings on compression is more than 10 (20+30gdi above the limit of the strength of
stretching, and in metals - several times highkeris considered that the stretching tension
causes only cracking of a covering and doesn'ndgbeeling it, i.e. they aren't decisive for
thermal destruction, and the main breaking poirgssaift.
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According to the estimates of tension compressi@e, swith the increase of
circumstance’s temperature in very short periode tlynamic effects become quite
considerable, and tension compression reaches Vagles as well, often exceeding the
strength of a material on compression by sevemagi Therefore, it is necessary to consider
this tension in the mechanism of thermal destraatiba porous material. It is required to find
out what type of tension reaches its limit valugstrought thermal streams earlier.

We will consider a plate, free in all its asgeeind of 2h thickness. To Z surface = +
h, since the moment af= 0, here, it a constant specific thermal stredm is brought. The
bottom surface of Z = - h and lateral edges ofaéept heat-insulated [2].

The heat conductivity equation with boundaryditans will register as follows:

GZT_GT )
0z or’

or

WE:q’ Z:+h' (2)
29T -0 z=-h. 3)
" 0z

Temperature distribution on thickness depends enhiat-physical properties of a
material, the size of a thermal stream and the tfits appearance:
A, a—T—O, z=-h. 4)
" 9z

where = Ay b n- whole positive numbers.

Having been informed about the temperature digiohuin a plate, it is possible to
calculate the thermal tension of stretching andctirapression, appearing at some moments
at various depth from a surfadgh=2z) at this value of a thermal stream of q.

The plate from a variable on thickness temperaisirgn plain tension. Tension is
defined with accordance to the following equation:

g,=0,= —a—ET(E;r) #j ET(— r)dz (5)
1-v 'h @L-v)2h-" h

Where the first member — making compression tensind the second —

stretchingsp' — coefficient of linear expansioR;— Jung's module.

Work (o' E) doesn't depend on the temperature, thereferexpression for tension of
stretching becomes simpler.

Setting the limit values of tension of compressistnetching for each covering and
metal, a functional dependence on time and perairdepth of the thermal stream demanded
for destruction arises. Besides, when equatingepdatface temperatures to temperature of
melting of both the covering and the metal, theugal of the specific thermal streams,
necessary for the melting of of the top layer @mious period of their action, are determined
Thus, in each specific case present are functidepéndences of a thermal stream from the
time of its influence on the covering and metafate:

- melting of a plate surface

Y7 2 4
—F r+ =" x
2(cp/1)CT 3u u

Z ex;&— (ndf T 14(cpA)., Jcosirr

q=T,/ ; (6)
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- Creation of limit tension of compression
H r+322/h2+62/h‘1_ 4
g, = (1_V)0-Iim.con‘pr / 2(C'O/l)w 12,U ]7'2|/ (7)
A > (1) nr( z
xZ%EXp[_(nﬂU)Z T /4(cp/1 )WJ CO%?(EJF ﬂ

n=1

- Creation of limit tension of stretching

_ (1_V)0-Iim.str. ,U
O; = /
a'E 2(coA),,

(8)

For the plates executed of quartz, granéshenit and metallic coverings, functional
dependences ofiqoe, ¢ are calculated on a computer. Thermo-mechanicaiackeristics of
rock and metals are submitted in [2].

Results of calculations are shown on schedfigs3 - 6). In case of a porous quartz
plate, thermal streams are counted for very a witkrval of time (16+10°s) by the village
Nizhny, where the limit of this interval (£0s) is the relaxation time. From figure 3, it is
visible that for time intervals (¥8-103%s) from a ratio of the sizes @and @, representing
curves of hyperbolic type in coordinates {);lose physical meaning as in this task the heat
conductivity equation is assumed as a basis. Ferattcounting of micro processes, it is
necessary to add, that the member like’K/ot2. As far as a thermo destruction is regardes as
a macro process, we accept that it proceeds fdirtiee(5- 16+10°) sec.

On the condition of covering destruction only diympression, a number of curves
were received, each of which matches a certairkiteiss of a coming-off particle. The
maximum thickness of the particles which are conwofigunder the influence of forces of
compression for quartz and granite makes (0,25<008)m , which is confirmed by the
experiment, received as a result of high-speedri@movable SKS - IM (fig. 7).

Sites of compression curves defining a separatioparticles with thickness >
0,3*10? m for big thermal streams and smalire shielded by a curve of Il melting, and in
case of small thermal streams and considerablevaiteof time — a curve of | stretching. The
curve of surface melting of a quartz covering ictmhigher, than that of a granite one, which
goes to show the weak destruction of quartz.
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Dependence of Thermal Streams causing tensionmpgssion of a quartz covering,
depending on action time for various thicknessashing-off particles: The fig. 3
| — stretching tension, sufficient for destruction;
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I', I" — copper and stainless steel, h=0,1*hg Il — melting surfaces. Curves of II' and
II" for copper and steel almost coincide with aveuof | in arear=(0,01+0,1) sec the

following figure:

5=0.75x10*m

=

e

=

5 10 50 100 500 1000 T.S

The fig.4 Dependence of Q=t)( presented in fig. 3 in the range(0,01+1000)s.
Curves of II' and 1I" for copper and steel almogiinzide with a curve of | in area

1=(0,01+0,1)s
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The fig. 5: Dependence of Thermal Streams causingidn of compression of a
covering from granite, depending on action timevarous thickness of coming-off particles:
| — stretching tension, sufficient for destruction;
(I', I" — copper and stainless steel, h=0,1%d0 the m, Il — surfaces (II', II" — copper
and stainless steel, h=0,1x30).
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The fig. 6: Dependence of g=f(T), presented inign q=(0,25...0,75)- TON/m?.
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The fig. 7: Fragment of High-speed Filming of Dastion Process of a Teshenitny
Coverings at the specific thermal stream equal1IQ2to W/n?. Time of formation of a
particle (particles) the size 2,5x1f makes 2,2 pages. The line of destruction of "equa

opportunities" is accurately visible.
T '-.'*.‘-_-’& : 7 :
7y

4

To figure 7. Flight of a broken particle (particles
CONCLUSIONS

1. The drawn analogy in processes of weak destruatiomon heat-conductors
capillary and porous coverings and metals, allowstauestablish the nature of
materials and their behavior, depending on spetfiicmal streams, time of their
influx, the sizes of coming-off particles of a deged material and the depth of
penetration of thermal waves in studied materibdsthe mechanism of a limit
condition of a surface, the role of thermal tenssddrcompression and stretching
comes to light.

2. Dynamics of tension in the life cycle of the stegmase and the model of
development of steam bubbles show the real souofesoncentration of
destructive thermal tension up to emergence ofgdiaticracks of the critical
(destructive) sizes.
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STUDY OF THE CONDITIONS OF FRAGILE FRACTURE OF
CAPILLARY-POROUS COATINGSIN THERMAL POWER PLANTS

Alexander Alexievich GenbaéhVera Orazievna Baibeko¥dliya lliev?

ABSTRACT
The conditions of the destruction of fragile cegyl - porous coatings were investigated. The
traditional approach shows two basic conditiongledtruction: tensile stresses and shift. However,
only destructive pressure of compression occursoteer with granité = (01+1), and only when

t >1c, in some regiomA = 0,6107m, they pass into the tensile stresses in a vesst gleriod. To

cover granite intervals of heat flows within whittere is such destruction will bengF 1-10" Vt/m2;
Omin— 2,1‘103 Vt/m2,

1. INTRODUCTION

Capillary-porous coating can be used to create -imtgnsity and high-cooling
systems. Coatings are applied to the boiling serfée to the mass and capillary forces, a
cooler is supplied to the coating. A physical maafethe processes of heat and mass transfer
may look as shown underneath in Fig. 1[1-9].

The normal process of cooling can be violated isecaf a heat transfer crisis
occurrence (termination of a supply cooler, ultighbheat fluxes) [9]. The coating can then
start to degrade.
Of interest to the simulation of the destructiolmgass is the investigation of the behavior
offragile capillary-porous coatings, which will el relatively low heat fluxes and
temperature to identify the mechanism of the destya process.

A variety of rocks that are whether easily or icately destroyed by the heat flow
through the surface installation can be used aslating fragile coatings, or in the case of
direct exposure by flame burners, including higmperature supersonic.

Currently, there are is a significant number of keodevoted to the exploration of the
mechanism of rock failure by thermal method buraEmissile type, criteria for thermo
destruction.

2. METHODOLOGY

The works devoted to the theory of thermal desitmactwhich gives an opportunity to
explore the impact of certain physical propertiesooks, physical and chemical processes as
well as properties of the high-temperature supeécsgas flow process.

During the thermal destruction of rocks some regiafi the surface coating are
exposed by a burner, resulting in part of the serfiacks being heated to the temperature Ts,
whilst in other parts of the rocks the temperat@mains TO. Under the irradiated surface of
the rocks the temperature gradient ascends, asuét o which the rocks unevenly expand.
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Surrounding unheated layers are able to countemdsl expansion. As a consequence
thermal stress occurs both in the heated part efrdtks, and in like manner in the
surrounding unheated array. That stress can reathiktive values.
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Figure 1. Physical model of the processes of hednaass transfer in porous
structure, covering the cooling surface: straigied - fluid flow; wavy line - pair movement:
g is the heat flux; Tg, TST,Tn-temperature of gasesls, saturation; & ,Gu - consumption
of liquid and vapourdct, 3¢ , ox , du-width of the adjacent surface of porous coatitigsjd

and vapour; VG, d - cell width of porous coatingl dne diameter of pores.

The rate of the temperature increase on the inedlibigh-temperature jet surface is
proportional to the difference of the final temgara Ts and current T,moreover according to
one of the models,one can assume that the temperatuihe heated surface changes with
regard to the following law:

T=Te“+T,(1-e™),
where K- coefficient; t-time.
If the rocks were to expand freely without resistgrthen there would not be any strain

inside, as the reason for its appearance is tietaase of the surrounding materials
extension.

l, =aL(T -T,),
where tB - increment coverage L; alpha - coefficient ofelin thermal expansion.

Stress caused by the heating (or cooling) of roaks,considered as temperature (thermal).
The utmost stress may be observed if the endseabith (the model of the rock) are ??? fixed

Omax = _E% = _aE(r _To);

where E - module of elasticity.
In fact, the rod is lengthened with |, which isdekanl .,
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| = IC&’ - |CZ)IC’
leoe- the result of a compressed rod,surrounding rocks
1
ICW = _EUT L,
o, — thermal stress compression. Then

=1 -l =aL.

o, = —E{a(T —TO)—H

Since the stress caused by the heated surfac&agsacompressive and compression
strength is higher than tensile strength and shieeould be expected that the destruction will
be called by the final stresses that really formedh the rock.
We should mark out two layers or rod (one makes daother bottom).
Tensileg, stress will arise in the lower terminal when hdate.

I1 =a1(T1 _To)l—_iall—;
E
1
I2 =0’2(T2 _To)L_E_(Uz _Jp)-
2

Butl, =l, ando, =0

pacmse ?

Up _ _ _ ﬁ
7—A{0(T 7,) (E)}.

More precisely

da_ 0 o0

U”—I[a’+(T—T)
E " 9T oT E ox '

WhereE — module of elasticity;
a — coefficient of linear thermal expansion;
Ix - factor, with dimension of length and modulo ddoaone.
The aforementioned ratio shows that tensile stegssncrease with the growth of the
temperature gradient, provided that the coeffic@rtnear expansion also increases with the

temperatur{.a—a - Oj .
oT

The condition of the destruction of tensile stessis as follows:

P, oa 0 ,0,.,0T
e [a+(T-T,)— —— ()] —
E da+( 0)aT GT( E)]ax

P71 — the limit of the tensile strength.

Tension strains can cause gaps in coverage ifiothe of cracks, located in planes,
which areperpendicular to the surface; these cracksiot decisive in the sense of the thermal
destruction. Moreover, it hampers the process@inttal destruction, namely the separation of
plates on the planes parallel to the surface ro&sgh plates may be separated as a
consequence of deformation and shift. The shé&acalculated by the law:
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[, =1 Al
r=Gy=G+—%2=G—
AX AX
Ax — thickness of deformed layer;

G - shear modulus.

Thenr = G% substitutind, we get the following
X

ol afr-1)-%
r—GLaX[a(T T,) E}

So, for shearing stress

L a+(T_TO)a_a_iﬁ aT
G 0T JdT E )|ox

i.e. shear stress has the property to accumutalé. (
The condition of the destruction by shift

Prey cr+(T—T0)a—a—iﬁ aT
G oT OT\ E ()4

P>- tensile-shear.

Destruction leads to the appearance of cracks|lplata the irradiated surface of the
rocks. If we consider that the ultimate strengthraks stretching P1 and shift P2 are the
values of the same order, and P2 contains theHdngwhich is missing in the first condition
(P1) and can take large values, it can be arguetl ttfe second condition (P2) can be
performed more often than the first.

Progress in the research of thermo elasticity, @leddsticity, holography and high-
speed photography [1,3,5] allows to explain the m@ésm of formation of thermal stresses,
deformations [1], displacements and the emergingarpaunt efforts in capillary-porous
coatings.

However, the magnitude of the applied specific Ifaates qi, their duration t and
depth of penetration z of temperature waves irktiess h of coverage will pose an influence
onthe reasons for the destruction of the capil@oyeus coating. This ultimate goal can be
solved using the equation of unsteady heat commluetith boundary conditions of the second
kind [2,3].
Figure 2 shows a plot of stresses over the thickiesf capillary-porous coatings, made of
granite. Limiting heat flow, causing stress fraetumelting, compression and tensile,

respectively form g ¢ and g, and voltagew,,0,,0,.
It turned out that the heat flux compressigrx d,, than stretching, anch
g, = g,andq, > g,. Fig.2 shows the interrelation between the stesdecompression and

tension inside coatings for various time intervaksginning with the submission of heat flow.
At smallt = (01+1) c only pressure of compression occurs.

Starting with ¢ t>1c in a certain field A(z —h), equal to 6-18 m, tension

compression pass into the tensile stresses fomya slert period of time, and for various

intervals of time they are located at different tthspof the surface of the capillary-porous
coating. Most of the shear layers of coating wil dbserved in the transitional region of
compressive stress in tension strains. Followingesdime, shear stresses reach their limit
values later than the destructive stress of comspesand, obviously, sometime before the
maximum tensile stresses.
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Figure 2. The stress distribution over the thiclnafsthe coating in the form of a
granite plate with different heat fluxes and tinfeteir action:q, = 014210" Vt/m?;

g, =0,042[10" Vt/m2; g, = 0,075[10" Vt/m2; - limit of tensile strengtho, x10°, N/n?; E,
x10°, N/mé.

CONCLUSIONS

1. So the destruction of rocks under the action of m@ssion forces occur much earlier in
time than the forces of stretching. The destructh probably take place under the
action of compression forces and shift. To covange intervals of heat flows, within
which such a destruction appears, will beag 1-10" V/m2; gnin= 2,1:10° Vt/m2. Each
thicknessd, of the given particles under the action of corspien forces meet their

limits of heat flow, both within the given intervdfor a cooled metal surface (see figure
1) in case of a violation of the operation of tl®ling system gin= 1:10* Vt/m2, and in
the case of capillary-porous cooling system, emgadiolyy the combined action of capillary
and mass force\Pg+«an), the value of g =(1+2)-10° Vt/m2.

2. The role of compression stress grows with the e®eeof size g in the heated layer of the
coating and consequently reduces the heating timeespite of the fact that high
compression resistance destruction from compressiegsses occurs instantly and in very
small volumes in more auspicious conditions.
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CASE OF STUDY REGARDING THE ENERGY REQUIREMENTSFOR
A MEDIUM RURAL HOUSEHOLD

Alexandru Gruia
University of Craiova

ABSTRACT

The paper presents a case of study for meetingrteegy demands for a medium rural household reggrdi
the most accessible renewable energy resource.

1. INTRODUCTION

For many people living in remote areas, connectimghe main power grid is not an
option or the costs of connecting tot the grid\aey expensive. Therefore, they must produce
their own power. Many people are resorting to peiraliesel generators, but these are noisy,
maintenance intensive and environmentally damadimgnore recent years, other cleaner
forms of power generation have become available. mbst known is solar power but there
are other forms of generating power like wind pgwegiter power, biogas that are becoming
more common. Unlike fossil fuel powered petrol @sgl generators, these technologies are
known as renewable energy. In this document isnapawison on the new types of renewable
energy electrical generating technologies thatlmamsed in a rural area household and can
provide an independence of the grid. On the mattkete are a couple of new and green
technologies that can solve the electrical enegpuirements of a medium rural home.
Electrical energy generation is more problematentithermal energy generation in a rural
household because the thermal energy requiremerasnedium rural area household are
achieved by using biomass that can be found imtea such as: wood, straw, corn cobs. That
can be burned in a stove, fireplace, heater toym@dhermal energy for cooking and heating.

2. METHODOLOGY

The electrical energy requirements of a mediuml fuwasehold are about 283kw/month
this means 9,43kw/day. But this consumption carlobeered by 30% using more energy
efficient light bulbs and appliances. The drawbackthis new technologies is the price than
can be higher than the normal cost of the poweswmed of the grid over a period of 20
years which is the guaranteed lifespan of a rennatergy system. The advantages are that
this form of producing is green and has smalleb@arfoot print than conventional energy use
and you will not be defendant on the electrical pany for power.

Solar energy is the most used electrical energy generating wolyg. Solar power
generates electrical and thermal energy; the @attpower is generated via photovoltaic
panels. This technology works by converting sokdiation in to direct current electricity
using semiconductors. This is done by using thetquuitaic effect of the semiconductors
materials. The solar panels are made using a sefieslar cells that contain photovoltaic
material. The majority of cells are made of watasdd crystalline silicone or thin film cells
based on cadmium telluride or silicon. The panbbt tare usually sold now are of two
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typesmonocrystalline and policrystaline the fisstmore expensive and has an efficiency of
15-18% the others are less expensive and haveaaieaffy of 13-15% and the power varies
from 30w to 300w per module.

The solar panels can be mounted on a fix mourgysgem or a mobile laxis system
that it is linked to a sun tracker, this will inase the efficiency of the panels by 20%. Using
an off-grid system will require a regulator andadtéry pack to store the energy produced by
the system. The system will require an invertecoovert the DC current that the panels
generate to AC current that is used on househqgtlieaqees; the power of the inverter is
calculated by the power of the solar system. Taesehtotal Of-grid independence you would
need a solar system to produce 3396kw/year. Busidering than in the winter the system
has a lower efficiently, the system should be a80&@@year system which has a medium price
of 12000€.The price in Romania is 11€/100kw thisan®e 31,13€/month= 373,56€/year
power consumed by the household in 1 year if weamalcalculus it will mean that the
system will be paid in 32,1 year. This is ineffitidoecause the system is rated for 20 years. In
extreme weather conditions like a week of cloudedtbe batteries may be depleted an you
may need a backup generator to power the systerohwhill raise the cost of the entire
system and you would need also to buy fuel for geaerator which will raise the of
producing the power. Also the system is prone tdbl@ms in hail storms or heavy snow falls.
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Figure 1: Solar energy system

Wind powered is the conversion of wind energy in to electriemlergy using wind
turbines. Wind turbines convert kinetic energy leceical energy that it is used to charge the
batteries. Modern turbines are manufactured iratéei sizes and being vertical or horizontal
axis design. A wind powered turbine can extra@58om the total kinetic energy of the air
flowing through the turbine, this is the maximalh@wable extraction of wind power
according to Betz’ law , that the conservation @fssirequires as much mass of air exits the
turbine as it enters it. But the efficiencies ahadern wind turbine is at 75% of the Betz limit
for the wind power extractable at rated operati@paed because there are loses in the blade
rotor friction and drag, generator and convertgek) gearbox loses. The small wind turbines
are for household uses because there are of a samlire more cost effective than the large
commercial wind turbines used in wind farms .Theiscale turbines have a range from 2m
to 7.5m in diameter and produce rated electriaitynf 300 to 10000 watts at rated optimal
wind speed. The vast majority of small wind turlsingre horizontal axis turbines. The
generator of a small wind turbine produces AC aurtbat is converted in to DC current to
charge the batteries. The small wind turbines ysemhic braking to regulate their speed at
high wind speeds. For a small wind turbine the sizéhe tower varies from 7m to 15m and it
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must be placed at a distance from 150m from angabbligher than the turbine. The
components of a small wind turbine design for hbosk of grid use are: The upper part of
the turbine composed of the blades and housinghwhas the rotor, gearbox, generator,
convertor, the pole upon the housing sits the @raagd the inverter that convert the current
from the generator to the battery pack and houseblgctrical grid. To produce electrical
energy for a medium household you would need 500@av system. The medium costs of
the system are 11000€ including the montage. Tice pr Romania is 11€/100kw this means
31,13€/month= 373,56€/year this means that theesystill be paid in 29,9 year. This is
inefficient because the system is rated for 20s/darextreme weather conditions like a week
without wind the batteries may be depleted an yay meed a backup generator to power the
system which will raise the cost of the entire egstand you would need also to buy fuel for
the generator which will raise the of producing {h@wer. Also the system is prone to
problems in heavy wind and to be used as a stamelapstem you would need to live in an
area with constant wind activity.

wind Turbines
+ I— + I—

charger

- e M R o

Figure 2: Wind turbines system for producing eletr

Water based electricity producing systems, if the local aress ta stream or a river
flowing near your house you can harness the powéheoflowing water to create a micro
hydroelectric plant. In our country approximatalyany village there is a stream of water that
passes it. This type of system can be createdowida auxiliary power and can be linked to
photovoltaic system of a wind turbine system. Ttaewflow can be harvested in a couple of
ways the first would be that you make a small cledioh water that runs along the river. The
channel would have to have a drop from whom theemabuld be channeled in to a funnel
that will turn a turbine linked to a generator dhdn the water that passed the turbine should
flow back in to the river. The generator would ldkéd to a charger and then to the batteries.
This system can be linked to a 150w up to 600 weg®ors depending on the water speed
and flow. This system has reduced costs but depemdise position and the flow of the river.
The other option is to build a micro dam and a migsasin like a miniature hydro plant and
have the water funneled to a small turbine thak véllinked to a generator. The cost of this
system would be higher because you would have ild twe dam out of concrete and you
have to dig the small basin, but it can have aelaggnerator an you can produce more power,
if you have enough river flow you can power therentousehold. The system would provide
the most power in spring and fall; it can be a#edby drought in the summer and freezing in
the winter. This system can be used as an auxiBgsgem in hybrid system with classic
generators and wind turbine systems, it can't exl s well with solar systems because in
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the winter booth system will have a small efficigand you would need a fuel generator.
The cost of these systems can’t be approximatedusecthey depend on the landscape,
position and power requirements of the household.

Water source

To transmission line

Pipeline
[Water in]

Head of water ™
Iwater pressure] ™~
.

Trailrace
[Water out)

Figure 3: Water based system for electrcity germrat

3. CONCLUSIONS

To make a system that would be cost efficient veeildl need to build a hybrid system
that will combine more than one system. A combieeldr and wind energy will reduce the
cost of the system because it will share some ®fcttmponents like the battery back and
inverter. If we used a hybrid system we would need500kw/year system because it can
work independent. A 3000kw/year system has a mediosh of 5000€ and a wind turbine of
1500kw/year has a medium cost of 2000€ and youachfor extreme situations a 3,5kw
generator which is 500€ the cost of the whole sysigould be 7500€. This means
7500€/375,33€ year = 19,98 years the system witllaged by the power consumption made.
This system is cost efficient. The prices of Ordgrower is also staidly rising and the system
may pay itself sooner than 20 years. This calautais made without adding the cost of a
linkage to the power grid which is about 1000 €h#& house is near the power grid and it will
be much higher if the household is further from tre. The balance in powers of the
components on the system may vary according tgelgraphical location of the household.
In an area with more wind activity the power of thimd turbine may be grater that of the
photovoltaic system or the power of the system tpa@ysmaller if you use other auxiliary
systems like a micro hydro plant or the backup geioe may run on biogas from a small
biogas plant. If the you would use more energyciffit appliances and rationing the energy
consumption of big energy consumers the yearly wmpgion cam be smaller an the size of
system can also be smaller.
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SIMPLIFIED METHODOLOGY FOR MONITORING AND
ASSESSMENT OF THE EFFECT OF ENERGY SAVING MEASURESIN
PUBLIC BUILDINGS

Veselka Kamburova , Ruse University; lliya llieRuse University; Angel Terziev,
Technical University of Sofia

ABSTRACT

The object of the study is development of simptifimethodology for monitoring and assessment of the
effect of implemented energy efficiency measurgsublic buildings.

Several EU programs provide funds for the implemgon of energy efficiency measures in public
buildings. When applied beneficiaries provide egeagdits with estimated energy savings based ociwéase
they are selected.

After the implementation of energy efficiency me&suin order to justify the savings a monitoring is
needed. The report proposes a simple methodologgrfergy monitoring in buildings with various typef
heating - central heating, electricity, light fu#l, gas and biomass boilers.

The methodology is consistent with the beneficisrgducation background in the field of energy.
However the presented methodology gives compldtarmation to verify the foreseen in the audits sgsei
through the introduction of energy efficiency maasu

1. INTRODUCTION

The goal of sustainability in the building sectequires a tremendous effort to reduce
energy demand, boost energy efficiency and incréssashare of renewable energy sources.
According to the analysis made, buildings are otiethe largest energy consumers.
Summarized data for the European Union show th#t #0m the entire energy consumption
comes from the 160 million existing buildings inrBpe and 3/4 from the consumed energy is
used for heating and cooling.

The households and business in Bulgaria consum&dsyably more energy for heating
and cooling compared to other countries in Eurdmeording to the Agency for Sustainable
Energy Development (ASED) the consumption of energythe housing sector is more
than1/3 from the entire energy consumption in tnendry.

Several EU programs in Bulgaria provide funds foe implementation of energy
efficiency measures in public buildings. The maurgmse of these measures is to reduce
energy demand in the buildings.

2. MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS

Energy savings cannot be measured directly. In rgénéhe energy-saving can be
calculated as the difference between the consumgarording to the energy efficiency
measures (EEM) and the consumption prior to theggrefficiency measures implantation.

AES = BLEU - PREU , (1)

where AES - annual energy saving, BLEU - baseadimergy use or demand, PREU - Post-
retrofit energy use or demand.
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The baseline energy use presents the energy cotisantyy the building for a certain
period in the pre-retrofit period. Selection of fhexiod and duration of the baseline period is
an important decision to be made during the savigtermination process. The baseline
period must end before the period of implementatibtihe energy efficiency measures so the
data for the baseline period must not include aegasarements taken during the installation
period.

The post-retrofit energy period includes the datathe energy consumption that are
collected after the implementation of energy eéiidy measures. The defined post-retrofit
period is usually called “performance period”, whican vary from about two weeks to 12
months, depending on the type of energy efficiemesures and technology [2].

Power consumption, however, depends on differemiavies like weather, usage or
occupancy of the building, which makes a direct parison difficult since it might not be
obvious if the observed difference is caused becatismplementation of energy efficiency
measures or other effects. At best case the twiodgsewhich is to be compared should have
the same conditions (e.g. for the same time ofytr with the same weather conditions).
Where this cannot be achieved, suitable adjustnfenws to be made.

AES=BLEU -PREU - A, (2)

where A is the adjustment.

The calculation of baseline can start with shomtater continuous measurements of key
operating parameter(s) (sub-metering energy effagie measures affected system),
consumption measurements of the entire buildingcafiirated simulations.

The methodology to be used for determination ofttaseline and to make the necessary
adjustments should be easy to implement, deliveuracy, useful and transparent results and
— quite important — has to be adaptable for thpe tyf project.

Measurement and verification (M&V) methods are usedmeasure and verify, in a
defined, rigorous and transparent way, the eneagings resulting from the implementation
of energy conservation measures, that have beengilaand designed to improve the energy
performance of a specific facility or group of fiée@s. This is done without regard to the
energy performance of any facility other than thee cat which a change in energy
infrastructure is implemented. M&V provides certgirthat reported results are real and
verifiable.

The four approaches to determining savings usdaimbncepts in savings computation.
They differ in their ways of measuring the actua¢mgy use and demand quantities to be used
in savings determination. This clause summarizestlthee approaches for determination of
energy and demand savings [1, 3].

A. Partially Measured Retrofit Isolation. Savings are determined by partial field
measurement of the energy use of the systems tchvam energy conservation measure was
applied separate from the energy use of the retteofacility. Measurements may be either
short-term or continuous. Partial measurement méaissome but not all parameters may be
stipulated, if the total impact of possible stigida errors is not significant to the resultant
savings. Detailed review of energy conservationsuess design and installation will ensure
that stipulated values fairly represent the probatdtual value. Stipulations should be shown
in the M&V Plan along with analysis of the signditce of the error they may introduce. The
energy savings are defined through the simple eeging calculations for short term or
continuous post-retrofit measurements and stipriati

B. Retrofit Isolation. Savings are determined by field measurementeftiergy use of
the systems to which the energy conservation measas applied separate from the energy
use of the rest of the facility. Short-term or ¢onbus measurements are taken throughout the
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post-retrofit period. The energy savings are olet@diby engineering calculations using short
term or continuous measurements.

C. Entire Facility. Savings are determined by measuring energy coedumy entire
facility level. Short-term or continuous measureisesre taken throughout the post-retrofit
period. The energy savings are obtained by anabfsishole facility utility meter or sub-
meter data using techniques from simple comparismnregression analysis. Energy
consumption is defined through the gas and eleatiiity meters for a twelve month baseline
period and throughout the post-retrofit period.

D. Calibrated Smulation. Savings are determined through simulation of ¢hergy
consumption of separate measure or the entireitfacllhe accepted simulation procedures
must demonstrate adequately the actual energy owign in the facility. This option
usually requires considerable skill in calibratedigation. The energy savings are obtained
by energy use simulation, calibrated with hourlyranthly utility billing data and/or end-use
metering. Multifaceted energy management prograectfig many systems operating in a
building where no baseline data are available. -Rastfit period energy consumption is
measured by the gas and electric utility meterseBae energy consumption is determined
by simulation using a model calibrated by the pestefit period utility data.

Options A and B focus on the performance of sped&CMs. They involve measuring
the energy consumption of systems affected by &M separately from the rest of the
facility. Option C focuses on the energy savingstf@ entire facility. Option D is based on
simulations of the energy performance of equipment entire facilities to enable
determination of savings when baseline or postfietiata are unreliable or unavailable.

3. METHODOLOGY FOR ASSESMENT THE SAVING OF ENERGY
EFFICIENCY MEASURESFOR PUBLIC BUILDINGS

As it was noted above several EU programs in Bidgarovide funds for the
implementation of energy efficiency measures inligutuildings. The main purpose of these
measures is to reduce energy demand in the busidifige common measures are as follow:

* Replacement of windows;

» Thermal insulation - rehabilitation of walls;

* Thermal insulation - rehabilitation of roofs/attics

« Thermal insulation - rehabilitation of floor;

* Replacement/modernization of the heating system;

» Energy efficient optimization of the electrical s®.

The four first energy efficiency measures are eglatith the building envelope which is
composed of walls, floors, roof, doors, and windoiMse effect from the implementation of
each of those measures and on fifth measure defire®nergy needed for heating and
cooling.

The baseline for each building is preliminary definn the prepared energy audits. The
energy audits are prepared according on the Eunofandard 1SO 13790:2004 through the
specialized software EAB approved by SEDA for BulgaBaseline was calibrated in
relation with day degrees for the specific climatadabase.

The main purpose of the monitoring is to determ@mergy savingsegardless of the
implemented energy efficiency measures.

The authors have extensive experience in the nmimgtof the public buildings.

The first step of the monitoring procedure is depatent of M&V. The plan includes the
following activities:

» Configuration and testing of the measuring eq@pin

* Performance of series of tests on-site beforallasion;
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 Installing of the equipment at the preliminarjested measuring points;

» Performing measurements and data collection;

» Checking the availability and reliability of théata collected during monitoring
period;

» Testing the performance of the equipment aftesisueements are completed;

» Downloading and processing the data; and

» Saving the data on the computer.

The following measurements should be performed Idr days during technical
monitoring period:

* Flow rate heat pipe measurements;

* Heat pipe temperature measurements (in-flow andiow);

» U-value measurements;

» Boiler efficiency determination;

* Indoor temperature measurements;

» Outdoor temperature measurements; and

» Light intensity measurements.

As a result of performed measurements were obtalmedata of: daily consumptions of
thermal energy for heating the building, the averdgily temperatures in the building, and
average daily maximum and minimum outdoor tempeestun the technical monitoring
period. The average daily temperature was calallagea daily average of temperatures in
reference rooms.

The indicator of the specific energy consumptionr p& and degree hour (i,
kWh/n?/DH) was calculated on the base of measurement d@hia indicator is generally
characterized by thermal-technical features of dnserved buildings. Based on this, it is
possible to further carry out analyses in terms of:

« comparison with other buildings that have similargoses;

e comparison with the buildings with different st and environmental

characteristics;

» estimate (forecasts) of the consumption of thermwaérgy for heating reaching

different levels of comfort in the building, diflemt observation periods at different
climate conditions.

The annual thermal energy consumption éRgalculates with the following relation:
Qya = Ku-A;-DHy 4, 3)

where A, - total heated ared)H,, - average annual degree hours for the heatingpseas

K - heat transfer coefficient denoting the amounteét transferred through the walls,

windows, doors, and floors of the building.

Under the current methodology the consumption ef tttermal energy of the building
defines on the base of 14 days monitoring period famther multiplication for the entire
heating period.

The Authors’ experience shows that the proposedodeiogy gives good results and
the deviations in determination of the consumedgnare negligible.

A disadvantage of the proposed methodology may diatgd the need of usage of
specialized measuring devices and highly educatstl $lence the relatively high price of
the monitoring process.

Concerning current case this methodology is in@pple because of the great number of
buildings and the budget for the monitoring prodedsnited. It means that the mechanism of

62



obtaining data during measuring period should bk in order to be accomplished by non-
professional in the energy area people.

In this case is very important the type of measgudevices the boiler room is equipped
with and the boiler by itself. It is also should pmposed the different methodologies in
accordance with specifics in heating the building.

In central heating systems in the boiler room isally installed heating meter. The data
about consumed thermal energy can be obtained tigiregthout additional measuring
devices. Collecting data can be performed dailweekly. It is recommended to record meter
readings daily at a certain hour.

When local heating system is available it is eagiemeasure the consumed amount of
fuel (natural gas, LHO or wood pellets) than thestoned amount of energy needed for
heating the building. The amount of the consumetidae be accounted on a daily bases with
gas meter or level of the LFO in the tank. Conaggrihis the thermal energy supplied to the
building needs to be calculated on the base okbeifficiency and the fuel caloricity. The
caloricity of the fuel during the heating seasoargfes insignificantly. The boiler efficiency
defines at the beginning of the heating season \adgrsting the burner.

The results of the monitoring needed to be filledhie preliminary prepared table (Table
1). Thus can be account the real consumption of eeargy and the amount of fuel for
heating the building neglecting the specific terathermal comfort and outdoor temperature.

It is highly recommended in the representative reamthe building to be installed a
several temperature sensors. The number of instiederature sensors in the rooms should
be at least equal to number of riser pipes comiramfthe distributing header. The
temperature data need to be stored in the dataelsgghere the temperature readings are
recorded at specified intervals and then averagédt is the way to determine the daily
average temperature.

The data about the outdoor temperature can benglotaither by direct measurements or
the closest meteorological station. The temperatsemsors measuring the outdoor
temperature must not be installed on the facadeseit to technical rooms, kitchens, heating
devices and others where presence of huge amotetabf

Based on the collected data about the internalexitelnal temperature is possible to be
calculated the day degrees then the measuremaritsef@onsumed energy are adjusted and
the referent consumption of energy can be detemnine

DD,
nga:(gDTMg’, (4)

The resulting energy consumption for post retroéitigd is compared to the base line
identifying energy savings.

The obtained results of the energy monitoring shdndddeeply analyzed and compare
with expected values calculated with the specidlzaftware. In case of significant deviations
needs to find the reason.

The most common reasons for deviation from preddfipparameters according
international experience are:

* Wrong set up of the thermostatic regulator;

* Wrong set up of the system for automatic control;
» Significant part of the windows that are left open;
» Damages in the regulating valves;

» Leakages in the distributing network;

» Damages in ventilating systems;
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* Incorrect filling of the heating system causing @ackets into the system and the
inability to maintain the indoor air quality anatet
In the weekly (manually or automatically) collectiof data it is more easily to find the
damages in the systems or in the set ups withadirlg serious financial consequences. This
increase the quality of the performed analysis alamnual energy consumption and the
associated costs.

Table 1: Measurement Data

Data
Outside temperature, °C

Average inside temperature, °C

Heat energy consumption, kWh
Fuel consumption, (m3, litters, kg)

3. CONCLUSIONS

The simplified methodology for assessment of savaegs result of implementation of
energy efficiency measures in public buildings iesented. The presented methodology is
based on the collection of data for the consumed aeergy or amount of fuel and further
correction with the information about the actualy ddegrees calculated after proper
measurement of internal and outdoor temperature. miethodology is developed for the
Beneficiaries who mostly are not professionalshe tield. This methodology is simplified
but still gives information about achieved energyisgs.
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SCHEMESFOR PROJECT FINANCING OF COMBINED HEAT AND
POWER PRODUCTION TROUGH BIOMASS GASIFICATION

Veselka Kamburova lliya lliev?, Angel Terziev
Summary

The current report aims is to analyze the systencdéonbined heat and power production
through biomass gasification system. Special attentiopagl on the process of synthetic gas
production in the gasifier, its cleaning and furtberning in the co-generation unit. A financial
analysis is made regarding the investments andtpgegnerated by the combined heat and power
production.

A scheme for project financing, characterized by Interest rates, for funding of renewable
energy sources by export credit agencies is andly2emparison between the standard funding
grant schemes and the project financing schemesnads.

The presented conclusions can be used for makipgriant investment decisions on various
renewable energy sources projects.

1. INTRODUCTION

Combined heat and power production process alsovtknas cogeneration, is the
simultaneous production of thermal and electricrgnerom a single fuel source (oil, gas,
biomass, biogas, coal, etc.). Currently the CHResys are affordable not only for commercial
buildings but also for homeowners. The CHP engpreslucing electricity that can be internal
combustion or Stirling engines. The micro-CHP iltateons applicable for residential buildings
usually run on propane, natural gas, or even slargy or biomass. The CHP systems offering
combined heat and power have efficiency of appraxaty 90%.

Here is reviewed the CHP system by using biomasa fasl source. The process of the
syngas production is through biomass gasificatiomrently such power plants produce up to
100 kW electric energy and 150 kW thermal enerdye Talorific value of the syngas produced
by the process of biomass gasification reaches dg 1000 kJ/mor more than double the values
of autothermal gasification process. The totalcedficy of the power plant is 81%, as cold gas
efficiency is in the amount of 70%, electrical eiéincy is 33% and thermal efficiency is 48%.

2. GENERAL INFORMATION ABOUT CHP POWER PLANT

The annual consumption of wood waste is 1,152 pansyear. The wood waste material is
from wood industry. The wood material will be delied to the plant’s storage. A wheel loader
will be used for filling the container (with voluna 12 t) with wood waste. The material will
then be delivered by transport belt to each gassfystems’ hermetic storages (each 12 t load is
capable of supplying raw material to the gasifiar 6 to 8 hours). The two gasifiers are filled

! Ruse, Bulgaria, e-mail: vkambourova@enconserdoes, cell phone: +359 885955347 Ruse University
2 Ruse University, Ruse, Bulgaria, e-mail: iiliev@enservices.com; cell phone: +359 887306898 Rumectsity
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with dry wood material through feeding screws frdm biomass storage. The heat needed for
pyrolysis is delivered to the gasifier system usairgducts. Before reaching the gasifiers, the air
passes through heat exchangers. The temperattine afr reaches up to 6@ accelerating the
gasification reaction and decreasing formationioxic.

The entire power plant consists of two differerftesgasifiers. The gasifier system with the
capacity of 100 kW consumes 110 kg/hour wood wemtel 190 kg/h air generating
approximately 298 kg/h biogas. The gasifier fork3¥ installation consumes 34 kg/hour wood
waste and 59 kg/h air generating approximately gih kbiogas. The annual wood waste
consumption of both gasifiers is 1,152 t/y. ComHingne gasifiers generate approximately 400
kg/h biogas. The components of the biogas genenatide gasifiers are shown on Table 1.

Table 1. Components of the generated biogas

The gas components

Co H, CH, co, N, H,O
20-21%  22-23%  1-3% 4-6% 48% 1-3%

3. THE PROCESS OF GASIFICATION AND CALCULATION OF ENERGY
PRODUCTION

The purpose of the implementation of CHP systethasproduction of electric energy to be
sold to the local electricity company at a preféigdrieed in tariff, and the production of thermal
energy for selling to a wood waste delivery compang greenhouses.

The raw material is wood waste from the wood indugbranches, tree-tops, trunks, rind
peelings and etc.) and wood pellets. The wood waddelivered from the biomass storage to the
gasifier. In bottom of the gasifier, the biomasbusned and in the top part, the biomass is heated
for syngas production. Then the syngas is cooldat water before entering the cyclone filter.
The cooled syngas passes through a cyclone fiherevthe hard particles like coke are separated
from the gas. The exhaust gases from the burniogegs are filtered before being cooled. The
hard particles, are separated from the syngashanereturned for burning. The waste products of
the chemical cleaning are separated in a setinig &nd the particulate residue is returned to the
burning chamber, while the remaining ester is @eéd to the rinse. The exhaust gases of the gas
engine’s burning chamber, after cooling, pass tiinoa cyclone filter where the ashes are
separated from the exhaust gases. After filtratiencleaned exhaust gases are mixed with the
exhaust gases of the gas engine and the combineslustxgases are released through the
chimney.

Cleaning of the syngas, after the gasifier, is etiog to the following cleaning system:

0 Cyclones — used for separation of larger dust particle®4qp&8om the gas flow leaving the
reactor zone.

0 Heat exchanger — The gases are cooled by passive cooling towes.tdimperature is reduced
from 18CC to 70°C;

o 10-micron filter - The filter for the 30 kW system has 7G/mcapacity and for the 100 kW
system has 200 ih capacity. The filters also separate water anitm@ from gases at a
rate of 15 ml/h;

o 1-micron filter - The filter is made by INFASTAUB and has a 7&mcapacity (for the 30
kW installation) and 200 #h capacity (for the 100 kW installation).
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The biogas is burned in a gas generation modulduging 130 kW electrical energy from
the modules. The biogas produced by pyrolysis @®ds completely burned in the gas
generators. The motors’ manufacturer is GM and ggaetype is FLD274DL14 Stamford.

The technical parameters of the 100 kW gas engiddtee electrical generator are as follows:
Electrical output (kVA): 109

Voltage (V): 400
Engine Type: GM
Number of cylinder: 12
Engine speed (rpm): 1500
Fuel consumption: 1kW/kWel
Generator type: FLD274DL14 Samford
heat energy
e -
| |
]
]
3 | I
iy | |
hermetic storage g I = cooling generator
0
0
i g ’ [
| ash ‘ heat = =3
Enerey electricity

gasification |

Figure 1. General Components of the Biomass Gasibic Plant [1]

The installation will be used for combined therraadl electricity production.

This analysis assumes that 300 kg/hour of biogatrad in the 100 kW generator and
produces approximately, 307 kWh/hour. The eledtettciency of the system is 39% thus the
net electricity production is 100 kWh. The thernadficiency of the system is 48 % so net
thermal energy is 150 kWh. The thermal balancegHerl00 kW biomass installation is presented
in Figure 2.

Wood waste 110 kg/h

Gas generators
. Syngas Syngas
Air 190 kg/h | production y 8 100 kwh
298 kg/h Electricity
productio

Thermal energy for sale

Figure 2: Thermal balances of the biomass instaiidd]
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4. FINANCIAL ANALYSIS

The profitability of a certain project depends ooty by the technical parameters but also by
the financing scheme. The funding method and teecsted costs can sometimes make a good
project unattractive to investors and prevent erttmplementation. On the other hand with
suitable financing scheme a project with seeminglgrofitable and accompanied by high risks
parameters can be implemented.

To be comparable here it is assumed that the Ignainiod is 8 years (based on the simple
payback period — the investment costs are in theuammof 622 500EUR and net savings are in
the amount of 88 417 EUR) and the amount of cliediD0% of the investments.

Based on the abovementioned here an analysis ek tpossible financing schemes
concerning the project have been studied and piexten

The first scheme is standard financial scheme wihextra terms for beneficiaries with
annual interest rate in the amount of 8.0 %. Thms& scheme utilizes grant financing with a
corresponding incentive of 15 % of the loan and g¢ame financial terms (annual interest rate
8.0%) as first scheme. The third scheme is prdijeahcing under the credit line of Exim Bank in
as much as the equipment is American.

Ex-Im Bank’'s "Renewable Express" is designed tovioe streamlined post-completion
project financing to small renewable-power prodaddiat meet Ex-Im Bank’s credit standards.
This initiative meets the increased demand fomfanag of small renewable-power transactions.

» Ex-Im Bank's providemedium and long-term direct loans and loan guar antees to
international buyers of the US equipment and rdlavices;

» Ex-Im Bank's guarantees coverage for 100% of cormiadeand political risks;

» Ex-Im Bank’s loans and guarantees cover 85% ottBequipment cost and up to 30% of

local project costs (design, construction and llettan works) and ancillary services such

as financial, legal or local bank fees;

No limits on transaction size. There is no minimoamnmaximum limit to the size of the

export sale that may be financed with Ex-Im Bafdés guarantee;

Products must be shipped from the U.S. to a forbigrer;

Ex-Im Bank's loans and medium-term guarantees dieciepayment terms of up to 7 years

for financed amounts of $10 million or less;

Ex-Im Bank's medium-term guarantees and loansrfgegts that are over $10 million.

Repayment terms are typically up to 10 years, botle up to 12 years for large power

plants and up to 18 years renewable energy and s@téor exports;

YV VV V

» Direct Loan Costs
» Letter of Interest processing fee - $100 (one-tfragment);
* An exposure fee based on risk (one-time payment)

Creditworthiness Group of Project Sponsors Medium-Term 7-Years Long)—/'le'ggl =~
State_ Owned Entm_e_s and Exceptionally Good Cr 4.74% 6.72%
Quality Private Entities
Very Good Credit Quality Entities 5.53% 7.87%
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Good to Moderately Good Credit Quality Entities Bb 9.41%

e [nterest rate

Loan Terms Interest Rate
Up to 5 years (includingx 5 years 1.69%
Between 5 and 8.5 years (including) 2.58%
Between 8.5 and 12 years (including) 3.29%

Project financing differs with its substantiallywer interest rate (with up to 4-5 percent
points, in comparison with standard financing). d&sfrom that, the preferential prices of the
regulatory organ are reduced with regard to thellef’the incentive grant, and furthermore, the
reduced price of the purchased electricity fronervesble energy sources is effective during the
whole period of 15-20 years. Consequently, thatvisy most companies circumvent grant
financing. Below is provided the short financialagysis, concerning the project investments,
cash flow generated by the power plant during tegod of operation and operational and
maintenance costs.

The allocation of sold heat production, electrigitypduction, electricity own needs, wood
consumption and O&M cost savings in Figure 3.

200 000 EUR
164 441 EUR

150 000 EUR -
100 000 EUR

50000 EUR - 39 881 EUR

J -1 725 EUR
0EUR + T T T T

Sold heat energy Revenues from ~ Wiod chips O-ts Transmissions

Electricity Sales Copsumption 31 560 EUR costs

EURJyr.

-50 000 EUR -

-100 000 EUR -76 032 EUR

Figure 3: Allocation of sold heat production, étexty production, electricity own needs, wood
consumption and O&M cost savings

The revenues from the purchase electricity prodigethe power plant according the prices
announced in the Resolution Np018/28.06.2012 [3] of SEWRC.
The approximate base project costs are presenteabie 2.

Table 2: Base project costs

Total Project
EUR Design Equi it
{ ) esign Equipmen Cost
Implementation of renewable project
ECO preducing heat and electricity from £9.200 573.300 622,500
waste wood
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The investments for the implementation of suchesystare in the amount of 1 915 EUR/KW
installed capacity.

The financial analysis was made for the abovemeatiadhree financial scheme. The initial
data for the analysis are as follow: 100% loanh@ a&mount of EUR 622 500 and the loan is
granted for a period of 8 years.

Liquidating plan was prepared for the three finahsthemes. In the first funding scheme for
a loan of EUR 622 500 for a period of 8 years igéempayable amounted to EUR 201 275 or
32.3% of the loan amount;

In the second financial scheme the interest rateanme the same (8%) but in addition as a
result of implementation of energy efficiency onesable energy project 15% incentive grant of
the loan is applied. Concerning this for the sagca lamount the interest payable amounted to
EUR 171 084 or 27.5% of the loan amount.

The last proposed financial scheme employs fingnaimder the credit line of Exim Bank.
Based on the terms of the Bank the proposed is¢hgon 4 tables the interest payable amounted
to EUR 64 911 (at 2.58% interest rate). The utilraof loan at lowest interest can be compared
with obtaining grant in the amount of 67.8% of than amount. Even the requested loan to be
for a period between 8.5 and 12years (interestinatee amount of 3.29%) the interest payable
amounted to EUR 103 254 or can be compared withimby grant in the amount of 58.9% (for
a period of 10 years). The summarized results megepted in the table below.

Loan Interest pavable Interest payable ¢ | Interest payabl | Interest payabl
Period, amount at 8% irrl)te)r/est 8% interest rate at 2.58% at 3.29%
years EUR ' rat(: EUR and 15% interest rate, interest rate,
' incentive, EUR EUR EUR
8 622 500 201 275 171084 64 911
10 622 500 251 075 213414 103 255

5. CONCLUSIONS

1. The caloricity of the produced syngas is higherntithe gas obtained by the standard
gasification process;

2. Higher efficiency (81%) of the CHP plant (33% efex@l and 48% thermal efficiency)
resulted in significant amount of thermal and eleity production, respectively considerable
incomes;

3. The presented power plant is compact and has l@ratipnal and maintenance costs;

4. The proposed scheme of financing shows definitetyelo parameters of the project because of
lower interest rate and higher purchase priceesftatity due to absence of grant.
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PARAMETRIC INVESTIGATION STUDY OF COUNTER-FLOW
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ABSTRACT

Organic Rankine cycle system (ORC) may beduto recover waste heat from an internal comdusti
engine (ICE). The evaporator design in such a sysea very important task. For a successful ORSIesny, the
amount of heat that can be received in the evéqoshould be determined.

In this paper, the performance of a coufiter evaporator used to recover exhaust waste fneat a diesel
engine is presented. First, depending on the meddlata, the exhaust heat of the diesel engineaisiaed.
Then, a mathematical model of the evaporator ild@ed based on the detailed geometry and thefep@& C
working conditions.The evaporator is subdivided into three zonespiiegheater, boiler and superheater. The
results show that the percentage heat flux for gatdr zone is approximately 47.4% from total helailenfor
boiler zone it is 38.01% and for superheater zan4i59%. Furthermore, the heat transfer rate df eane is
proportional to that of the overall heat transfgierwhen the engine operating condition changess&juently
the percentage area for preheater zone is approxima@fély from the total area while for the boiler zones
26%; for superheater zone it is 3 % (in case opexation temperature 120 and superheating degree’@p
Results were compared with literatures and shovesyagood agreement.

1. INTRODUCTION

One of the methods to improve the thermal efficjeoican internal combustion engine is
the usage of, Organic Rankine cycles (ORCs) tovecohe waste heat. Many studies
analyzing the ORC performances have been conduewmzhtly [1-7].The available heat
which is called as waste heat is transferred tetganic working fluid by an evaporator in an
ORC, where the organic working fluid changes frorigaid state to a vapor state under a
high pressure. Then, the organic working fluid, evhhas a high enthalpy, is expanded in an
expander, and output power is generated. Theratogegvaporator is an important part of the
ORC for an engine waste-heat recovery syskterhis study, the parametric investigation of a
counter-flow evaporator designed to recover theaaghwaste heat from a diesel engine is
evaluated theoretically. The working fluid R245fa selected as the working fluid. A
mathematical model of the evaporator is develomsraling to the detailed dimensions of
the designed evaporator and the specified ORC wgrionditions.

2.SYSTEM DESCRIPTION

The schematic of an ORC for exhaust heatvey of a diesel engine is shown in Figure
1. The pressure of fresh air is increased by thepressor. Then, the air enters the engine
cylinders, which combusts with the injected fuelteh expanding in the cylinders, the high-
temperature gas is exhausted to the turbine toxpaneled further. In the turbine outlet, the
temperature of the exhaust gas is still high betmiE#°C and 48C°C depending on the load
variations [8]. This high-temperature waste heat ba use as a heat source for ORC, for

1Splaiul Independegri 313, Bucharest 060042, Romania and Foundafidechnical Education, Technical College Najaf,
Iraqg, Tel. 0040734322783, e-mail: hatfmahdi@yahmmo.c
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evaporating the working fluid in the evaporatoreTévaporator, which will be used in this
study is of counter - flow type.

3.NUMERICAL APPROACH

The approach used in this work draws inspiratimmf the work of Vargas et al. [9]
where such an evaporator is assumed to be divittedthiree zones i.e. a preheater (Pr) , a
boiler (B) and a superheater (Sp) as shown inrEigu
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Figure 1: Schematic diagram for ICE and
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Figure 2: T-s diagram for ORC.

4. MATHEMATICAL MODEL

The mathematical model was developed based on afst#termodynamic equations
writtenfor each zone of the evaporator and correspondieg) and outlet parameters.

Firstly, the thermodynamic properties of the exhagess and the working fluids are
calculated for each zone, based on the correspgmeimperature and pressure levels.

Secondly, according to the energy balanbe, Heat transfer rate for each zone is
obtained. Then, depending on the relative coraiati the heat transfer coefficients are
estimated. Finallythe heat transfer area of each zone is determined.
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The waste heat from exhaust gas can be determéed a
Qg = mg Cog (Tg,in - g,out) =My (hout - hin) =M (h3 - h2r) [kw] 1)

wherem, is the exhaust gases mass flow rategits]{kn,; is the refrigerant mass flow rate in
[ka/s]; hs, her are the enthalpies of refrigerant on the inlet vap®rator and outlet from
evaporator, respectively in [kJ/kg Klgis the specific heat at constant pressure of exhaus
gases in [kJ/(kg K)] and gk, Tgout are the temperatures of exhaust gases at inldteto t
evaporator and outlet from evaporator, respectiieljK]. Table 1 shows the measurement
data which are used in this study. The enthalpfesefoigerant on the inlet to evaporator
(point 2r) and outlet from evaporator (point 3) eie@ on the properties of working fluid and
can be calculated by using the EES program [10fh\WWome changes at equation (1), the
refrigerant mass flow rate can be calculated as:

o_ 0 Q
mref TN
(hs - th)
The exhaust gases mass flow rate and the temperaftiexhaust gases at inlet to the

evaporator are calculate from experimental workhamsvn in Figure 1 [8] but the temperature
of exhaust gases at evaporator outlet is assumiael 1dOC [11].

(2)

Table 1: Main parameters used in the study.

Property Value Unit
Exhaust gases temperature at inlet evaporatgd [T 480 °C
Exhaust gases temperature at outlet evapora§ee][T 140 °C
Exhaust gases mass flow 1[mg] 192.¢ kg/s
Expander efficiencyie, ] 0.9 —_—
pump efficiency [, ] 0.9 —
Ambient temperature Fhy 22 °C
Inside diameter of evaporator inner tubg [d 0.08 m
Outside diameter of evaporator inner tubg [d 0.09 m
Outside diameter of evaporator outer tube [d] 0.1 m

The specific heat at constant pressure bfiest gases is depending on the medium
temperature for each zone and the percentage vadfim@nponents for exhaust gasesl is
determined from Ref.[12,13,14]. Now the heat transhtes of all zones are obtained from the
following equations:

Qpr = r.nref (hzl_th);Qb = r.nref (han_hz l) ;Qsp = r.nref (h3 - h3") [kW] (3)

There are two sides in evaporator tube; #iggerant side and exhaust gases side, so
many equations are used to determine the heatféraosefficients [15,16,17]. Then the
overall heat transfer coefficient is determined as:

U — Href*Hg

overall ——
Href + Hg

(4)

The log mean temperature difference (LMTD) et is often used to predict the
performance of a heat exchanger [18]. The LMTDeBred as:

AT . = ATmax — ATmin (5)

" ATmax
In| ——max
ATmin

Then, the heat transfer area for each zormlsulate as:
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= L (6)
U, AT,

where j represents preheater or boiler or supezheanes.
5. RESULTS

Based on the mathematical model, a program has deexloped in EES [10,13]. The
program input data is from Table 1. The results areepted in Figures (3-6). From Figure 3
it can be observed thalhe amount of heat for preheater and boiler zategeases with
superheating degree and for superheater zone is imgeds conditions of constant heat
input in the evaporator, the superheating increase leaalsnicrease of the heat received in
the superheater zone and a corresponding decretselzéat input in the preheater and boiler
zones. Also, the percentage heat flux for preheates approximately 47.4% from total
heat while for boiler zone it is 38.01% and for supetkr zone is 14.59% (with 3C
superheating degree).

Figure 4 shows effect of inlet turbine tempeaa(UTT) on the heat flux for each zone of
evaporator. It can be seen another style which is thefhe for preheater and superheater
zones is increasing with (ITT) but the heat flux for hodlene is decreasing.

Figure 5 shows effect of superheating degrethe area for all zonek.can be observed
from this figure that increase in superheating degreelsleto increase ithe area of
superheater and preheater zones while the area of odecreasingThe high value is for
preheater zone while the lower value is for superheatre. In another side the effect of
(ITT) on the heat exchange area of each zone is sirowigure 6 and from this figure it can
be seen a slight increase in area of superheater zamélWit) but in preheater zone there is
marked increases. In another way in the boiler zoaatba is decreasing.

From Figure 7 it can be observed that the ovaest transfer coefficient for all zones is
decreasing with superheating degree and the high valassizxiated with the boiler zone
while the lower value is for preheater zone.

Finally the effect of ITT on overall heat transfeefficient of each zone can be seen in
Figure 8 and clearly shows a slight increasing in preheaire and high increasing in
superheater zone while decreasing in boiler zone.
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6. Comparison

To check the validity of the results, it was nemgsto compare the results with
literature. The present model and calculation procedusee successfully validated by
comparison with results found in Ref. [12]. The inpuadaed in comparison are as follow:
The exhaust gases temperature at evaporator outle? ¥C19exhaust gases Temperature at
the evaporator inlet is 528; evaporation temperature¥ 131.5°C; Degree of superheat is
35 K; Mass flow rate of exhaust gases is 0.k8&. The comparison with Ref.[12] shows
very good agreement.

6. CONCLUSIONS

In this study, the heat transfer characteristics 0O&C system combined with diesel
engine were analyzed by using measured data sudieagals mass flow rate and exhaust gas
temperature at evaporator outlet. A mathematical moaed eveated and developed with
regard to the preheated zone, the boiler zone, and pexhaated zone of a counter flow
evaporator. The performance of the evaporator wasiaea under variations of superheating
degree and inlet turbine temperatuBased on our analysis, the following points can be
concluded:

1. The heat transfer rate of the preheated zone itatgest and is more than half of the
overall heat transfer rate. The heat transfer rate ebtiler zone is higher than that of the
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superheated zone. Furthermore, the heat transfeofra@ach zone is proportional to that of
the overall heat transfer rate when the engine operateswiable condition. In conditions of
constant heat |an(Q ) in the evaporator, the sepérty increase leads to a increase of the
heat received in the superheater on)g ( )andresponding decrease of the heat input in
the preheatetC;(pr ) and boiler zon%( ). Als® percentage heat flux for preheater zone is
approximately 47.4% from total heat while for boiler zane 38.01% and for superheater
zone is 14.59% (with 3%C superheating degree).

2. The area of superheater and preheater zmeesicreased witsuperheating degree while
the area of boileis decreased witBuperheating degree and high value was for preheater zo
while the lower value was for superheater zone .Theepémge area for preheater zone is
approximately 71% from total area while for boiler zone 2686 and for superheater zone it
is 3 % (for evaporation temperature P20 and superheating degree°q).
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AIR QALITY IN ROMANIA. DISPERSION OF POLLUTANT IN A
URBAN AREEA USING CFD SIMULATION

Oliver MARUNTALUY, Gheorghe AZAROIU?
University Politehnica of Bucharest, Romania

ABSTRACT

The ambient air quality in Romania is made permdndrough 138 automated stations that are part of
National Network for Air Quality (R.N.M.C.A) distouted throughout the country. The following polhtare
taken into consideration when evaluating the a#lityy SO, NO,, NOX, PMyo, PMes, B, GHs, CO, @, As, Cd,

Ni, Hg, and HAP.In studies of air quality in rural and urban areaed to know the answers to some basic
questions you should ask them. Some of these guestare: What is the contribution of source A te th
concentration of pollutants at site B?; What is thest effective strategy for reducing the conceianaof
pollutants to meet air quality standard?; What tithe air quality tomorrow or in the days follog?.

In this paper is studied the pollutants disperdimm multiple sources, punctual and mobile, cordumi or
instantaneous, in an urban area using CFD simulakimally presented solutions for reducing emissim the
atmosphere and associated conclusions.

1. INTRODUCTION

Romania has the obligation to limit annual emissiohacidification, eutrophication and
ozone precursors’ greenhouse pollutants under tiees of 918 thousand tons/year of
sulphur dioxide (SO2), 437 thousand tons/year fitnogen oxides (NOx), 523 thousand
tons/year for non-methane volatile organic compsuiNMVOC) and 210 thousand tons/year
for ammonia (NH3), values that are national emissieilings. National emission ceilings for
sulphur dioxide, nitrogen oxides, volatile and amimcorganic compounds, set for 2011 are
those provided in the Protocol to the 1979 Coneentn long-range transboundary air
pollution, to reduce acidification, eutrophicatiamd troposphere ozone levels, adopted in
Gothenburg, on 1st of December 1999, ratified by lreo. 271/2003 and represents the
maximum amount of pollutant that can be emitted thie atmosphere at national level in a
calendar year. Romania submits annual estimatesnigsions of air pollutants covered by
Directive no. 2001/81/EC on national emission oggi for certain atmospheric pollutants
(NEC Directive) and the Protocols to the Conventam Long-range Transboundary Air
Pollution, done at Geneva on 13th of November J9M9ECE/CLRTAP).

In this sense, the final national inventadfy emissions of sulphur dioxide, nitrogen
oxides, volatile organic compounds, ammonia, pog/deeavy metals and persisting organic
pollutants is drawn up for a period of two yearteathe present year and the preliminary
national inventory of emissions of sulphur dioxideitrogen oxides, volatile organic
compounds and ammonia is drawn up for the yearrbdfee present year. Emissions were
also recalculated for the period 2005-2011, usingssion factors from the new guide
EMEP/EEA 2009, concerning the elaboration of théseion inventories.

1Splaiul Independegi nr. 313 plivermaruntelu@yahoo.cord743196458
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1.1. Evolution of SO2, NOx, NMVOC and NH3 emissionsfor the period 2005-2011

SQ emissions corresponding to 201 m Emissions so2
are characterized by a decrease of ab
48.8% compared to 2005; significar el m Emissions NVOC
decreases occurring in areas like "Burnir
in the metallurgic industry” (73.07%), an
"Production of heat and power "(45.11%).
In 2011, the largest contribution to tr 200
national total was from the large

combustion plants, which are sources of t | |I i‘

"Production of heat and power" secto R [ —

B Emissions NOx

Thousands

Emissions NH3

Quantity [kt]

whose emissions were about 282.882

Period [Years]

(85.44%). Emissions from burning in the Figure 1.1 Evolution of SONOx, NMVOC and NH
steel industry had a share of 7.13% and

those in other industries had a share of
3.94% of the national total.

emissions for the period 2005-2011

Y ear Emissions SO> Emissions NOx Emissions Emissions NH3
[kt] [kt] NMVOC [kt] [kt]
2005 642584 309056 198049 424813
2006 653491 294556 294556 396344
2007 53493 27168 20232¢ 39640¢
200¢ 52577 26956 18593: 41227
2009 443579 230052 186398 365674
2010 350344 217916 159814 365397
2011 331083 221606 159204 355870

Table 1.1 Evolution of SO NOx, NMVOC and NH emissions for the period 2005-2011

The total NOx emissions in 2011 amounte®24.606 kt, compared to 309.056 kt. in
2005. NOx emissions derive especially from the '(R@aansport” sector (36.18%) and the
"Production of heat and power" (25.77%). NOx enaissi calculated for 2011, which saw
declines compared to 2005, were the ones from iselike "Production of heat and power"
(40.15%), "Burning in metallurgic industry" (69.6%9 and "Burning in the
commercial/institutional sector" (26.57%). Incremse NOx emissions compared to 2005
were recorded in "Burning in the residential s€c(@rl7%).

NH3 emissions have decreased by 19.61% cadper 2005. During the analyzed
period, the highest value was recorded in 2006 .6881kt). In 2011, total NH3 emissions
were 159.204 kt. Change in emissions from livestadivities is explained by fluctuations in
the number of livestock. The most important sharéhe national total is represented by the
manure management from dairy cows breading (22.423%ys (24.75%) and laying hens
(13.71%) and the waste water treatment (9.69%).

NMVOC emissionglecreased in 2011 compared to 2005 by 16.23%. Arease is
noted, mainly due to the "Fugitive emissions comfirogn natural gas extraction" (33.97%),
"Burning in the residential sector" (14.88%).

In the year of 2012 the ambient air quality assesdnm Romania was made permanently
through 138 automated stations that are part of NB&onal Network for Air Quality
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Monitoring (RNMCA) distributed throughout the comnt The stations are equipped with
automatic analyzers that continuously measure thieient concentrations of the following
pollutants: sulfur dioxide (S£), nitrogen oxides (N& NOXx), carbon monoxide (CO),
benzene (€Hs), 0zone (@), particulate matter (PMand PM,s). Also included are laboratory
equipment used to measure the concentrations ofyh@etals, lead (Pb), cadmium (Cd),
arsenic (As), nickel (Ni) of suspension particled aebris.

2. DISPERSION OF POLLUTANTSIN THE ATMOSPHERE

In studies of air quality in rural and unb@reas need to know the answers to some basic
guestions you should ask them. Some of these qusstre: What is the contribution of
source A to the concentration of pollutants at Bite What is the most effective strategy for
reducing the concentration of pollutants to meetqaility standard?; What will be the air
guality tomorrow or in the days following?

Equations underlying the dispersion of gialhts in the atmosphere are three
dimensional and non-linear equations, accordinthtee components u, v, w of the velocity
in the three directions x, y, x, and time-depengdard the following:

- Pollutant transport equation (functidr)

dp®  8(plid) a(pVE) d(pWwe) 8 p, 8¢ 0 w, 0F I u. oF
- i g 21
at + dx + v + dz dx Pr, dx + dv Pr, dy + dz Pr, Oz + ( )

-Density continuity equatiorp)

B B(pU) 8(aV) B(eW) _ (2.2)
at T ax By L =0

-Navier-Stokes equation (by function k) in the xedtion

dpll  8(pUl}  a(pUV) a(pUW
pU  3(pUY) 3(eUV) a(pUW) 2.3
at dx dy dz )
ggp 8 8U & U a8 80 a8 U F 8V 4 W
T B i ax ' ax + ﬂy'ue dy Tazte + dx " ax + dy Hegx + dz " ax
g 2
——=pk
3:3"

- Navier-Stokes equation (by function k) in theigedtion

oV a(plly a8(pVV) a(pWV

oV, BEUT) BV EWY) 2.4

dt dax &y dz )
gdgp 8 88U € a8U a8 80 a8 8 a4 8V 4 W a2

Sl st Flmlt ol i sl e sl | R sl e e £ g £

Ty 8x Tax By fay Ay féz Bx fay 8y fdy 8z Tady dyv3

- Navier-Stokes equation (by function k) in theiredtion

apW  (pUW) (VW) 3(pWW) £
+ + + (22

at dx dy dz
dp 8 U @ aU @ &éU & aU a oV @ W 32
32 T axt B Tyt hy Taxteaz Tay ez Tz ax T ezt ax ax3’
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3. MODELING AND SIMULATION OF POLLUTANT EMISSIONS IN A
URBAN AREEA

CFD Computational Fluid Dynamigsuse numerical methods and algorithms to solve
and analyze problems that involve fluid flows. Catgss are used to perform the calculations
required to simulate the interaction of liquids agases with surfaces defined by boundary
conditions. With high-speed supercomputers, bettdutions can be achieved. Modeling is
based on solving a set of differential equations@iservation equations supplemented by
numerous additional models often semi empiricaeSEhequations are discretised by different
methods, the method of finite differences, finiteneents, finite volumes or border elements.
Model domain is divided into small parts, resultimgsh networks with many nodes. The
equations are written for each node is assembladierall equation which is then solved.

Urban area which is studying the dispersibpollutants is Bucharest which is located in
southeastern Romania with global coordinates 4494286°03' E.

Air quality in Bucharest is monitored
using six fixed monitoring stations located in
areas: Lacul Morii, Cercul Militar Naional,
Mihai Bravu, Drumul Taberei, Titan si
Berceni. These monitoring stations are of
three types: urban stations(Lacul Morii),
traffic stations(Mihai Bravu and Cercul
Militar National) and industrial
stations(Drumul Taberei, Titan si Berceni).
Data collected from these stations are sent to
ANPM (National Agency for Environmental A Ty
Protection). i
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Figure 3.2 NOx distribution from linear sources Figure 3.3 NOx distribution fromrgace sources

Wind direction and speed greatly influences theatision of pollutants in the air. These wind
characteristics are obtained from ANM.
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4. SOLUTIONS TO REDUCE THE POLLUTANT EMISSIONS INTO THE
ATMOSPHERE

The most important solutions to reduce emissionghe production of electricity and
heat are processes for desulphurization (wet, seynand catalytic), promotion of electricity
produced from renewable energy sources (wind, sblamass, geothermal, hydraulic, tidal)
and nuclear energy which is one of the bets acdelpyeeveryone as a solution to reduce
pollutant emissions and protect the environment.

In automotive the reduction solution refewsadvanced combustion processes that are
injection direct and controlled auto injection, iedte distribution, multiple injections,
reducing displacement, continuously variable traasion, manual-automatic transmission.

It is estimated that by implementing advanced syst the engine, transmission and vehicle
structure, in 2050 year, might reduced, relatively cost, fuel consumption by up to 40%.

Scenarios provided by the ONU for globargly sector can be summarized as follows:

- The baseline scenario (starting) for 2050, whigresents further evolution without major
surgery, involves unacceptable increase CO2 emisdy 37% compared with 2003, the
rapid increase in prices of conventional fuel amel flioubling conventional in this period;

- ACT scenario (the Accelerated Technology) requaecelerated introduction of new energy
technologies, and automotive diversifying convamigoropulsion and use of biofuels, which
can be reduced to half of the consumption of hyaiMoans and only a slight increase in
emissions CO2;
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- TECH Plus scenario, the most optimistic, assuaretife road transport sector, the use of
bio-fuels and hydrogen fuel cells and will redué&dlof CO2 emissions and maintaining the
consumption of hydrocarbons at current levels, idesipe rapid growth of the vehicle fleet.

5. CONCLUSIONS
Air quality in recent decades was changed therefborild not be neglected, we have to bring
solutions to improving it because the air is vanportant factor for the existence of life.

Need to support energy production by renewableggner

LIST OF ABBREVIATIONSAND ACRONYMS

ANM AGENTIA NATIONALA DE METEOROLOGE

ANPM AGENTIA NATIONALA PENTRU PROTECA MEDIULUI
CFD COMPUTATIONAL FLUID DYNAMICS

NMVOC COMPUSI ORGANICI VOLATILI NONMETANCI

R.N.M.C.A RETEAUA NATIONALA DE MONITORIZARE ACALITATII AERULUI
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RESULTSON THE 18 T/H BOILER
OPERATION IN S.C. VRANCART SA.

Lucian Mihiescd, lonel P§at, lon Opred, Gabriel Negreariy
Adrian Adan3, Cristian Mandreai lon Barbiert?, Romeo Rusij Romeo SavAa

1. INTRODUCTION

VRANCART S.A. Adjud is one of the most importantoducers of corrugated
cardboard, paperboard and tissue paper in Romuaitia,over 35 years of activity in this
field. The heating system from VRANCART S.A. is gupd with a stream boiler of 18 t/h
nominal flow rate and 5 bar nominal pressure, wsibtid fuel resulted from manufacturing
processes and with natural gas as support fuel.

The initial project was requested by S.C. VRANCARA. Adjud from the necessity
to eliminate the soil and underground water padlutdue to storage of sludge and waste
byproducts from production process on dump, in iotd@ecover biomass energy from sludge
and waste.

The boiler is designed for the following operatmgdes:

-mixed supply, constantly with dried sludge/driedste and natural gas (support
combustion + addition to boiler load);

-sludge + gas supply, or waste + gas supply, avgidiudge + waste + gas supply
whitch does not allow a stable combustion to mairtfze boiler performance;

-only gas supply was also taken into account.

The pressure body of the boiler consists of a bated mono-block and with fume
tubes construction with three gas pass and a sgieti@ntry chamber. It mainly consists of a
welded layer between two tubular plaques; in tlsiseanbly there are mounted flame tubes
and smoke pipes.

The first gas path having heat exchange consistiseoflame tubes — the focus, of @
1200 mm external diameter. The convection parthefboiler consists of second gas path
composed of smoke pipes, welded between front &mbplaque and intermediate tubular
plague of the boiler.

The combustion chamber for solid fuel is placedeaurttle (cilindrical) pressure body,
inside walled antefocus, made of refractory brickhe turning back chamber is a welded
construction, uncooled and sealed, placed in twer@art of the cylindrical pressure body; it
allows the exit for gas from second path and thesage to the air preheater. The main
combustion installation includes the grate withtptmward and consists of three monoblock
burners mounted above the grate. The three buamermonoblock type, having the thermal
power P = 4000 kW.

The grate is made of steel profiles, on whibh cross elements made of refractory
iron are based. In the lower part of the slantedegthere is a horizontal grate.

Behind the boiler there is mounted the air prehreated after there is the exhauster for
hot gas which extracts the gas resulted in comimstihrough pipes to several cyclone,
preheater and then exit to the chimney of the pghaart.

! University Politehnica of Bucharest, Faculty of éanical Engineering and Mechatronics
2 |CEMENERG Bucharest
3 SC VRANCART SA
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The primary air fun is installed on the air preleeait suckes the combustion air and
blowes that under the slanted grate. The prehesitefiows through pipes to below grate.
Preheated air flow is adjusted with three flaps andther flap between the air preheater and
secondary air fan.

The secondary combustion installation consistsmof inonoblock burners on natural
gas with continuous adjustment of air — fuel, hgveach of them the thermal power P =
10000 kW and being installed in the back sidénefdlanted grate, at the 2,8 m level.

By design, the boiler had the main role in thermvalte treatment, burning sludge
with moisture content of 40% with natural gas suppo

2. TESTSAND CALCULATIONS

The measurements determinate the combustion peafaren the temperatures in the
focus and on the masonry walls, also the boilécieficy, if an operating regime agreed.
The operating conditions included a solid fuel flofv 450 kg/h, consisting of:
-850 kg/h of sludge with moisture content of 40%;
-400 kg/h waste;
-200 kg/h of polyethylene waste.
The calorific value of the solid fuel was calcuthtdbased on the following
composition:
-sludge, with a calorific value of 5780 kJ/kg ahd tmass ratio of 55%;
-waste, with a calorific value of 15100 kJ/kg ahd mass ratio of 25%;
-polyethylene waste, with the mass ratio of 20%e Tpolyethylene with the
composition (GH4)nH2 has a calorific value of 37700 kJ/kg.

With this composition, the calorific value of thalid fuel has resulted as 14450 kJ/kg.

The natural gas flow was determined at a load d#6®% and 5%6 for the burners
installed in the combustion chamber. The natural filav was in this case of 496 Nin,
compared to the total obtainable flow of 1200 :m(41,33 % load). Each secondary burner
was charged at 5% load, making a total flow of RBO*h, compared to the total obtainable
flow of 2000 Nn#/h (10% load).

The measurements on the operatin mode during ke gbown:
-the input temperature in the secondary burne@56£1050C
-the outlet temperature from the boiler for comlmrsgases: ef = 148 — 150C;
-the air excess at the end of furnages 0,97,
-massive emissions of carbon monoxide at the effiocofs: CO=18000-20000 ppm;
-increasing of the air excesse up to the air prehgaa = 2,39 and up to the exit from
boiler: Aev = 2,58, values manifested by burning carbon mai®x the value of 12-13
ppm;
-the temperature measured by pyrometer of 1150%@eirfirst third of the layer on the
grate, of 1350-1370°C for the final combustion be grate and of 1100-1200°C for the
brick at the turning back chamber.

The unburnt content in the discharged material fiben focus, as ICEMENERG'’s
samplings and determinations, was 8,32%. The metised is STAS 10274/15-1975. The
value is usual for such combustion technology. dineleficiency measured at the end of the
focus required a verification of the calculationm fbe air required by the combustion. This
stoichiometric air deficiency has the value of 10df%h and it will be compensated by an
additional injection. We recommend an injectionadf into the last third of the grate with
1300 Nn#/h, at an air excess of 1,25. Currently, the opegatonditions considered by the
owner of the boiler include:
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-operating with a solid fuel made of sludge, waamtel polyethylene waste, having a

calorific value of 14450 kJ/kg;

-a medium flow for solid fuel of 1450 kg/h;

-a charge for natural gas burners placed in furo&d®-45%;

-a charge for secondary natural gas burners of5%0:1

-temperatures resulted at input in the secondaryndos of 950-100, with

maintenance of the minimum value;

-the flow of the air under the grate of 80-90% canggl with project value;

-increasing the life time of the refractory bricly lising 60A type, which has the

compressive deformation temperature of 250

The calculated value of the efficiency for the @tiely mode was 80,7%. We see that
the value for the efficiency is the same as thgeptovalue, so the operating mode proposed
by VRANCART S.A. is an acceptable regime becauggdvides an efficiency very close to
the project.
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Figure 1 Variation of the project efficiency witie fuel moisture

After proposed retrofitting, it is mentioned thiaetestimated operating period between
two repairs will increases at about 4 months, whéchn acceptable economic stage for the
currrentcondition of the boiler.

According to the contract, S.C. VRANCART S.A. Adjsdnt to ICEMENERG two
mobile plates from combustion grate, an unusecepliatarked PN) and an old plate which
was deformed and fractured during operating (mafR&)l in order to analyze the state of
metallic material and eventually to detect the eausf deformation and cracking durin
operation.For both plates there were made visuatleh (macroscopic) and dimensional
measurements and samples were taken for chemiehts@é) metallographic analysis and
Brinell hardness tests.

The results of complete chemical analysis on btdtep are shown in the table no. 1
and in the test reports of the UPB-CCEEM-ECOMET.: t?0 EOS/14.03.2014 (PV) and no.
101 EOS /14.03.2014 (PN),
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Table no. 1 complete chemical analysis on botteplat

C% | Si%| Mn |[P% | S% | Cr% Mo |Ni% |Al% | Cu%)| Brand

Marking % % resulting
plate

PV 3.141| 5.1 0.515/ 0.063| 0.071| 0.512| 0.015| 0.067| 0.015| 0.327| FrSi5
PN 3.073| 5.318| 0.589| 0.084| 0.087| 0.710| 0.008| 0.088| 0.011| 0.183| FrSi5

FrSi5 2.5- | 45- | Max. | Max. | Max. | 0.5- |- - - -
32 |6.0 |080 |0.30 |0.12 |1.2

The results show that both plates are made ofatefnairon FiSi5 according to STAS

6706-79.
Both plates have medium values of Brinell hardr{et®) of 258 HB (PN) and 250 HB (PV),
both values below 300 HB, according to STAS 670669 rSi5. The two plates analyzed
(PV and PN) are made of refractory iron with lametiraphite FrSi5 — STAS 6706-79, which
maximum temperature is usually 700 °C. The unudate p- PN, shows smooth surfaces
(processed) and it has the project value. The lalg gused) — PV, shows that:
-A crack in width at the top, the crack is locaggd5 mm from the front edge (F);
-On the top there is a layer consists of depositibxide (tundish) and combustion
products, thicker than the portion of face (F) pthin the focus
-the deformation is 2,2% on length and 10,0% onthwicompared to the new plate
(PN), the maximum deflection being at the front €f9, on the portion located in
focus. Also there is a deformationof the front €/l on the thickness (heigh) of the
plate of 10,5% compared to the new board (PN).

So we can conclude that the old plate — PV workeeksy high temperatures, above
the maximum operating temperature (700 O C) priesdrifor refractory iron with lamellar
graphite FrSi5, which leds to very large dilatatigossibly prevented dilatation due to the
friction) and also to deformation and cracking loé slab. In order to prevent future damage
of the plates there are recomanded:

-use refractory iron in the manufacturing of thates, with high alloy in Cr or Al, according
STAS 6706 — 79, type:

a) FrCr30 — maximum temperature of 1000 0 C;

b) FrAl22 — maximum temperature of 1100 0 C;

¢) FrAI30 — maximum temperature of 1100 0 C.
Refractory brick is considered necessary to be ghdoy switching from 50 A to 60A quality,
with an increase in the deformation temperatuatpressive with 130 0 C.

3. CONCLUSIONS
Theoretical and experimental measurements and sieatlyade by ICEMENERG and

University Politehnica of Bucharest showed the Wigbof the new operating mode, and the
boiler capability to operate economically usingféedent fuel from the design one.
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RESEARCH AND EXPERIMENTAL ANALYSES CONCERNING THE
INCREASE EFFICIENCY OF SOLID BIOMASSCOMBUSTION IN
HYDROGEN JET

Lucian Mihiescd, Gheorghe kziroiu, lonel P§i, Elena Pop, Gabriel Negreanu,
Universitatea Politehnica Bucuresti

ABSTRACT

The paper analyzes the experimental combustiodiefiity of solid biomass in the form of willow chijps
hydrogen jet (gas enriched in hydrogen - HRG). &geriments has been performed on a 2 MW boilen fitee
Polytechnic University of Bucharest. We used a &W0 burner with HRG injection in the supply pipe for
willow chips. The main contribution of the hydrogeonsisted in a massive reduction of CO, mainlyabse of
a higher combustion rate.

1. INTRODUCTION

An inovative and efficient technology for burninglid biomass as willow is the
combustion in air jet. This technology allows thembustion of solid biomass in form of
chips, as was harvested. We distinguish the foligvaispects related of efficiency:

- no need for mechanical processing for willow aftarvest;

- increased thermal power that recommand the prdoessergy production;

- aswift and efficient combustion.

Typically, the CO emission is quite high for solitbmass combustion, regardless of
technology. Combustion in a stream of hydrogenhveitthermal participation up to 8%
allows to control CO emissions, at the end of fueneeaching the generally accepted values
of max 100 ppm.

Achieving high power plants using solid biomassoimes compliance with the
environmental protection regulations. CO is the mpbllutant that must be removed;
consequently, the combustion of solid biomass itirogen is an effective way to solve this
problem.

2. WILLOW COMBUSTION EFFICIENCY IN JET OF AIR AND HYDROGEN

Combustion of solid biomass in airflow is similaithvpulverized coal combustion.
Consequently, the combustion chamber (the furnadebe equipped with a suitable burner.
In our previous research, two burners of 600 artdkd®/ have been built.

Hydrogen was introduced with the willow chips i thurner, resulting a perfect blend
between solid phase, air and hydrogen. The anabjsafety concluded that the continuous
supply system of hydrogen and solid fuel besideshigh speed air jet into the furnace does
not allow for the return of the hydrogen flame. Thaturn of the flame may be possible due to
the poor burn rate between hydrogen and biomass.

Figure 1 shows a scheme of the solid biomass buaner the hydrogen (HRG)
injection.

University Politehnica of Bucarest, 313 Splaiulépéndentei st. 060042 Bucharest, Romania; tel: 62@158;
E-mail: Imihaescu@caz.mecen.pub.ro
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PRIMARY MIXTURE

SECONDARY

HRG INJECTION

& FURMACE

Figure 1: HRG Injection system
1-Injection channel; 2-HRG injector; 3-distributiohannel;
4-embrasure; 5-fuel channel.

Elemental analysis of the solid fuel is:

C' = 40 - 44,8%; H= 4,3 — 4,8%; O= 33 — 36,3%; N= 0,7 -1%; A= 2,3 — 5,6%;
Wi =9,8 — 13,7%.

Heating value varied in range 14 115 — 19860 KJ/kg.

3. WORKING METHODOLOGY

Swirling type burner with secondary and tertianyflows was designed and executed
by UPB ICEMENERG SA, with the following features:
a) thermal power: maximum 600 KW;
b) low weight (up to 50 kg);
c) self-supporting construction (all subassemblies weided to the central
channel with primary agent, an element that suppbe whole building);
d) radial size allows its implementation in furnacebeasure.

Hydraulic resistance of pneumatic circuit connedtethe burner was thus calculated
to create compatibility with the boiler auxiliariebhus, for the primary agent (air and solid
biomass particles), for the secondary and tertdrycircuit, hydraulic resistance is less than
100 mmH20 and it is performed by the ventilatiosteyn;

The thermal regimes of fluid circuits are in thédwing range:

- The temperature of the primary agent: 60 9@0The value is imposed by the
solid biomass humidity at the entrance of the sugpbtem and the primary air
temperature;

- Depending on the heat load of the system, the teatyre of the primary air will
have values of about 150 - 200. In order to avoid possible ignition of solid
biomass (of the volatiles released in the contaitt thie hot primary air), a higher
concentration of oxygen coming from flue gas radaton, will be used,

- Secondary air temperature is 150 - 220

- Tertiary air temperature is 150 - 220

- Primary air accounted for 30-40% of the total costlmn air.
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Excess air at the end of the furnace is impdsed 1.25, common value for high
efficiency biomass boiler.
The parameters that characterize the installafiamgtioning are presented below:
1. The thermal support combustible quota:
- Mass participation ratio:

quBg/B (1)

whereBg is the flow rate of hydrogen, and B - biomass flate.
- Thermal participation rate:

Bg [Qg

=— 9 %9 2
BQ +B,Q, @

Os

whereQy is the calorific value of the fuel gas a@tl calorific value of biomass.

2. Capacity of pneumatic transportation of biomasfindd as volume concentration in
transportation air:

C=— (3)
wherev, is the air flow of pneumatic transport/sm
In mass proportions, the transport concentratisolid biomass will be:

B
va @a

(4)

wherepa is the density of air for solid biomass transptiota (corrected for real temperature
regime) in kg/m
3. Thermal loading of burner embrasure:

— BE(Dii + BgQg

da s ©))

a

where Qis the burner embrasure surfacé, m
4. Thermal loading of furnace volume

q =29 *BQ [Q +B,Q,
v Vf

whereV; is the active volume of the furnace3.m
The effectiveness of combustion in a stream of dgelin has been characterized as a
result of experiments by the following performacieria:
- the thermal support combustible quota:
gs = max 0,03 kg HRG/kg solid biomass
g8 =2,9%
The calorific value of HRG wa€Qy = 10760 KJ/rv (18240 KJ/kg), biomass flow
rate beingB = 82 kg/h withQ' = 17000 kJ/kg.
- thermal loading of furnace volumg= 0,04 - 0,0041 MW;
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As the thermal load may be raised to values of @12 MW, results the possibility
of charging of the furnace with a volume of 18, with two burners having increased flow
rate up to 120 kg/h

- the pneumatic transportation capacity;
The solid biomass mass concentration in the tratesian air wasc = 0,24 kg/m and
¢ =0,19 kg/kg
- during the tests, the air excess value was:
02=1,2-6,6%
A=1,06-1,45
- the carbon monoxide emission was:
CO =20-40 ppm

This value is incontestable lower comparing tol#hyer burning technology. The NO

emission was NOQ= 375 — 387 mg/f

4. CONCLUSIONS

The burner operating parameters recommends a traatipn air flow rate of 25-35
m/s, for secondary air, about 30 - 35 m/s andduary air, about 30 - 35 m/s

The designed burner successfully achieved the rdeanal power 620 KW, for a
solid biomass flow capacity of 80 — 85 kg/h and #%/m gas HRG. It is recommended a
proportion for transportation air of about 35 — 40%

The flame had high brilliancy aspect and filled thdire furnace volume. Under the
influence of HRG, the burning was stable and théssions were low. The CO emission,
which is high when using layer burning biomass, wasemely low, under 40 ppm, when
using suspension burning solid biomass. This asp#ets an advantage to suspension
burning of solid biomass as also the possibilithigher power archievements.

Experiments have shown that hydrogen is more éffed¢h reducing CO emissions
than natural gas or LPG. Considering the econonaispécts related to the use of hydrogen,
can be specified that because of its very low priges, will not act as a financial inhibitor.
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THEORETICAL ANALYSISOF IMPACT
OF THE SOLID BIOMASS COMBUSTION IN HYDROGEN JET
IN DEVELOPING NEW INNOVATIVE TECHNOLOGIES

Lucian Mihiescd, Tudor Prisecaru, Gheorghé4iroiu, lonel P§a, Elena Pop, Gabriel
Negreanu, Manuela-Elena Georgescu, Viorel Berlddaéina Prisecaru
University Politehnica of Bucharest

ABSTRACT

The experience and positive results obtained inbewstion of solid biomass with hydrogen allowed the
development of innovative technologies for renewadlid fuels. Two concepts for efficient combustiof
solid biomass with hydrogen have been developedibcstion in a tunnel burnettachedio a low thermal
power boiler respectively combustion in complex powempdacomprising gas-producing, internal combustion
engine, steam boiler and steam turbine.

1. INTRODUCTION

Experimental researches on solid biomass combustfaiency with hydrogen intake
have been conducted in the laboratory of fuels aadhbustion installations from the
University Politehnica of Bucharest. The researal been focused on two technologies for
wood chips combustion (sort 0-30 mm), in compadtadh or in stream of air. The first
technology is an application of fluidized bed cormsian, fluidizing taking place only in a
room located in the furnace, and the second hatasities with the combustion in pulverized
condition.

The research focused particularly on the combusgitiniency for the sort 0-30 mm
wood biomass or willow chips, in order to reducestsoon its additional machining after
harvest (sort 0-30 mm resulting either once wittvésting or later after harvest).

The use of hydrogen was evaluated from the pointie# of reducing flame length
and reducing carbon monoxide emissions by expetahessearch [1].

By use of hydrogen to support the combustion oidsbiomass has been achieved
excellent performance, particularly in reducing #mission of carbon monoxide by 30 - 100
times. CO emissions were below 40 ppm for all cassted. Burning rate of wood biomass
minced to 0-30 mm was 17 m/s, a very high value.

2. INNOVATIVE TECHNOLOGIESFOR EFFICIENT COMBUSTION OF
SOLID BIOMASS

From the results of experimental research concgreolid biomass combustion in
hydrogen jet, two innovative technologies have he®posed.

a) The combustion of solid biomass with hydrogen ituranel or in a combustion chamber
located before the furnace of the boiler.

University Politehnica of Bucarest, 313 Splaiulépéndentei st. 060042 Bucharest, Romania; tel: 62@158;
E-mail: Imihaescu@caz.mecen.pub.ro
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This combustion technology, presented in the diagiram figure 1, has applications
for low thermal power boilers, whose furnace, hgvemall size, does not allow complete
combustion. The technology refers to wood biomasshistion, including willow chips.

Such combustion is performed in two stages, th&iognand combustion of fine
fraction in the tunnel and the completion of contlsin the burner combustion chamber.
Hydrogen will be admitted into the burner tunnehere by its high speed combustion will
catalyze the thermo-gas-dynamic processes.
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Figure.l. Boiler with tunnel burner

For overall efficiency, the combustion will be &mred in a proportion of not less than
70% in the tunnel burner. It will be maintain theetmal proportion of hydrogen determined
from the previous program of experimentation of t9.8.8%.

These data are for an averaged analysis of woode db those imposed by willow
combustion, according to data from Table 1 [2].

Table 1
Proximate analysis Ultimate analysis
[% by weight, asreceived] [% by weight, on dry basis]
moisture 17 C 47,3
volatiles 67,1 H 5,66
fixed carbon 13,6 N 1,4
ast 2,2 O 42,¢
Heating value [K J/kg as received] S 0,0t
LHV a.r. (as received) 15400 Cl 0,018
Elementary analysis[mg/kg on dry basis]

Al 70 Mg 600

As 1,3 Mn 11

B 12 Na 190

Ce 770C Ni 25

Ca 0,€ P 86(

Cr 8,2 Si 220

Cu 7,6 Ti 2,8

Fe 81 V 0,2

K 2700 Zn 130
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With this technology it is estimated that boilershawery low superheated steam flow
in range of 1.3 to 4.8 t/h will be designed, enaiplthe development of micro electricity
production plant of 100-600 kW. Such a micro popkant, possibly in a cogeneration cycle
will achieve our economic target "energy crop -alogse in energy production.” This concept
will shape the size of the renewable fuel cultund avill guide the financial efficiency only
on energy production.

b) Solid biomass combustion in boilers with gas predubermal support

Positive results from biomass combustion with hgéro support can be extended to
biomass combustion with gas producer support. Bnisr¢ghus obtained in a complex power
plant comprising:

- Gas-producing or pyrolyzer for solid biomass;

- Installation for producing mechanical work with gaeducer or pyrolysis gas
comprising an internal combustion engine or gasimy,

- Steam boiler firing biomass with producer gas oropsis gas support,
coupled to a turbine.

This power plant guides gaseous fuel obtained fsofid biomass to two users, one
direct energy producer and one, user for thermppaed to a steam boiler. Figure 2 shows
schematically the proposed power plant.

The power plant allows greater heat generation HP Gcheme, with applications
especially when using gas turbines.

producer gas

gas
turkine —@

plant

pyrolyzis gas

zolid
biomazz
- WAl L
= water
I—!—— thermal

gas producing/

pyrolyser Energy

zteam

Boiler —é
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" thermal
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Figure 2. Innovative energetic concept for solionbass energy recovery
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3. CONCLUSIONS

The combustion of solid biomass has not only pasitresults for majority
technologies of combustion on grate. The hydroggpsrt, a gas with high combustion rate,
theoretically and experimentally has proved to bey\beneficial. Starting from this result,
there are proposed two combustion technologiescthagider a minimum processing of solid
biomass for burning.

First innovative combustion technology proposed saito achieve its highest
proportion before the boiler furnace in order toifplemented to low power installations.

The second innovative technology proposes achiemerof power plants for solid
biomass combustion, with gasification or pyrolysigarallel with burning installations both
for gaseous fuel and solid biomass.
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THE EXPERIMENTAL ANALYSISON THE INFLUENCE OF AIR
FILTER, OIL FILTER AND OIL ON THE PERFORMANCE OF THE
INTERNAL COMBUSTION ENGINE

Marius Daniel Muscalagiy Alexandru Mihai Dima, Cosmin Gabriel Muscalagiu
University of Craiova, Faculty of Mechanics

ABSTRACT

In case of a long period of parking of a car engine non usage of it, its integral parts wich have
capstan-turned surfaces may bee atacked by canrasit the properties of oil and gas may decredsa. i the
reason why it is recommended that the engine shoeilbooted from time to time after shorts periofigliing.
When an internal combustion engine parked for @ Iperiod of time the first parts that are affectedheir
perfomance are the air filter, oil filter, fuelték, oil and coolant fluid.

In this article we present a methodology that woaldw an experimental analysis of air filter, fudter
performance and fuel performance also.

1. INTRODUCTION

Previous studies in the field of internal combustiengines were focused
mainly on reducing the wear and the fuel consumptiaring the function period of those
engines. There are few researches about the effectog period of parking on the internal
combustion engine. In this experiment we intendstiady the possibility of reducing the
engine wear and the fuel consumption as the idlingn engine can cause serious damage to
the power system, to the cooling system and todad-crank mechanism.

The engine is a technical system able to transtomynform of energy into mechanical
power. If the initial energy is obtained by burniaduel-air mixture the engine is called heat
engine (combustion engine) [1], [2].

The performances of internal combustion engineslaagacterized by the existence of
several areas on charge and in relative movememie stowards others. Under these
circumstances it is necessary to reduce the fniati@ffects on the surfaces and to spread
among them a fluid that would adhere to surfaces tanbe a sliminess one; this way the
pressure that occurs would maintain the surfacasctrtain distance [1], [2], [6].

Fuel filters have a particular significance in fluaction of an engine because they
block the pollutants form the fuel in order to emsthe best performance of an engine. Hole
injector clogging due to the deposits of pollutantshe fuel is a major problem to an engine
because it decreases its power and increasesdiuglimption [3], [4], [5], [7].

Air filter is an important component of an engireevery engine has one since the
earliest models and all have the same goal to alpahe air before it reaches the intake and
the engine.

Besides the methodology herein this article ourppse is to analyse the following
experiment set out on a Volkswagen Golf VI 1,4MBI@P engine, fuel consumption, gasses
emission coming from the internal combustion aralfunctional parameters of the engine :
speed, position of throttle valve coolant fluid perature, intake air temperature and inlet
pressure. These experiments presented in theeaatielthe first step to further analysis of air
filters, fuel filters and fuel properties in cadeadong period of parking

ICraiova, 0720064495, daniel_muscalagiu@yahoo.com
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2. METHODOLOGY

Experimental measurements have been performed\aikawagen Golf VI 1,4MPI 80
CP engine assembled on a stand. In the first figfeigure 1) is presented this type of stand.
The test was being held at ambient temperature38€ 2nd the fuel used the test for the
internal combustion engine was unleaded petrol watiane value 95.

On this type of stand the test was being held owdlarg engine. The air filter, clean fuel,
new fuel filter were all tested in order to seeirthefluence on the function of internal
combustion engine (effects on the fuel consumptiexhaust gases resulting from fuel
consumption).

Functional parameters (speed, position of thretilee, coolant fluid temperature, intake
air temperature and inlet pressure) were determiisady the auto diagnosis program VCDS

Fuel consumption was determined by measuring thmuatof fuel combusted after each
part of the experiment.

The pollution rate was also determined. This wli aid of gas analyzer CAPELEC CAP
3200 GO which can measure the coefficient of aieeg lambda and density of the following
gases: CO, CO2, HC, 02, AFR(BNZ).

Experimental stand characteristics:

- Manufacturer: VW Volkswagen

- Model: Golf VI 5K1

- Key Number: 0603 / AMD

- Power: 59 kW / 80 hp

- Engine code: CGGA

- Cylinder capacity: 1,390

- Built: 2009 — until 2012
- Engine type: petrol engiNR|
- Cylinders: 4 inline

- Fuel System: multi pointaaofion
- Bord voltage: 12 volt.

Figure 1: Experimental stand—view of the enginekgnlagen Golf VI 1,4MPI 80CP
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21 EXPERIMENTAL ANALYSIS

In Tabel 1 are presented all the characteristisalted at the end of the experiment as
shown on the diagnosis programme VCDS.

Tabel 1 Measured parameters with the help of tagriisis VCDS

N Throttle | Twater | Tair | Pinlet | Tenvironement | Time | Consumption | Consumption
position /hour
[rot/min] [%0] [C] | [C] | [mbar] [C] [min] [ml] [I/hour]
783 12.5 60.5 | 26 | 300.1 23 15 100 0.4
1016 12.7 84.5 | 34.5| 264.5 23 5 59 0.7
151: 13.F 87 |37.5| 246.¢ 23 5 75 0.¢
2091 14.1 87.E | 39 | 222.; 23 5 11€ 1.4
2509 14.5 87 |40.5| 231.4 23 5 127 1.5
3024 15.7 87 |41.5| 208.7 23 5 150 1.8
3505 16.1 87.5| 41 | 190.4 23 5 185 2.2
3970 16.9 90 | 42 | 200 23 5 210 2.5

On the whole have been held eight tests with aewdfft engine speed, whose final
purpose was to measure the following funtional eirs:
throttle position;
coolant fluid temperature;
inlet air temperature;
inlet air presure;
fuel consumption;
For the first test the engine was hold on idle f@siat 783 rpm during 15 minutes and
after the engine has reached its normal opera¢imgpérature of 87C the etest were carried
out at 1000 rpm for 5 minutes. The test were reqzbaicreasing the rotative speed by 500

nm

measured according to the engine revolution.

The values obtained at the final of all tests Hasten settled on diagrams with parameters
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Figure 2: The throttle position fluctuation depearglon the engine speed
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Figure 4: Fluctuation of inlet pressure dependingh® engine speed

Table 2 presents the results obtained on the &rpériment carried out with the aid of
the diagnosis programme CAPELEC CAP 3200.

Eight tests were conducted as a result of the enggmolution in order to analyse the
stages of the following gases: CO; £8C; O; COcorr and lambda values.

The first test was being held on an idle engin®88& rpm during 15 minutes with the oil
temperature of 90C and after then engine has reached his normaatipg temperature all
tests were carried out at 1000 rpm for 5 minutdterAhese operations the test was repeated
increasing the engine revolution by 500 rpm.
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Table No. 2 Measured parameters with the aid ofitagnosis programme CAPELEC CAP

3200.

Nr.

crt. CO | CO2 | HC | O2 | LAMBDA | COcorr | AFR(BNZ) | Speed | TEMP.
[-] [%] | [%] | ppm | [%] [%] RPM | [C]
1 0,0 | 10,9 1 /0,34 1,02 0,0 15,10 880 90
2 0,0 | 109 | 0 |0,04 1 0 14,8 1030 92
3 0,0 | 109 | 0 |0,04 1 0 14,8 1510 93
4 0,0 | 109 | O 0 1 0 14,8 2000 94
5 0,0 | 109 | O 0 1 0 14,8 2500 94
6 0,0 | 109 | O 0 1 0 14,8 3000 96
7 0,0 | 109 | O 0 1 0 14,8 3500 96
8 0,0 | 109 | O 0 1 0 14,8 4000 97

3. CONCLUSIONS

In case of a long period of idling a car engine socomponents with their surfaces
capstan- turned are subject to corrosion and tlopepties of oil and gas additives may

decrease. It is believed to be neccesary to bectiigine at short periods of time.

During the staying of a heat engine the most ageecomponents are the oil filter, the air
filter, the coolant fuid, the oil and the fuel.

Fuel filters have a particular significance in ferformance of an engine because they
block the pollutants from the fuel in order to eresaptimum function of the engine.

Hole injectors clogging due to the deposits of ygalhts from the fuel is a major problem
for the engine and it getting bigger as the bumégimes gets worse.

Air filter is an important component of an enginedaeach car has one no matter the
model and all air filters have the same purposgdan up the air before it reaches the intake

gallery and the engine.
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Using the tests results presented herein it calydssobserved that once we increase the
engine speed the temperature raise also in th&eingallery due to the raise of engine
temperature but decreases the inlet presure arebses the fuel consumption.

It can also be observed that simultaneously with iticrement of engine speed, the
oxygen resulting from exhaust gases disappear€&ademains constant no matter the speed
ot the temperature of the engine.
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THE RETROFITTED BURNERS FROM CHP ISALNITA
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ABSTRACT

The paper presents the results of the third phbae@search grant [1] with the purpose of decredise
NOx emissions, using a staggered combustion nemitdidburner. Until now, the research team has dette
burner on the wind tunnel and by numerical modelfiter design and manufacturing, the burner wdltbsted
in a 2 MW, pilot boiler in order to simulate the behaviortbé combustion system to be retrofitted at CHP
Isalnita. Due to the modular construction, it is possibbe multiply the operational results of a single
experimental burner to the whole structure of tidustrial burner. In the next pages we will predaatdesign
approach of this burner.

1. INTRODUCTION

The research developed in our project [1] aimsreate a new lignite burner with
lower NO:. emissions meant for the replacement of the burbefsnging to the current
combustion system of the steam generators instaleédHP $alnita. The new burners will
use the staggered combustion technology, by me&ntheo aerodynamics remodeling,
especially for the secondary air flow, which widve a long-drawn admission related to the
exit section of the burner.

Because the industrial burner has a modular castgirny with 16 modules, the tests
performed for one module, in a lower thermal pofuenace (a pilot furnace of 2 MWfrom
University Politehnica of Bucharest), will produmesults that can be replicated in the large
power steam generator.

In order to achieve the project main task, theofelhg research stages have been
completed in 2013:

- Testing of the burner aerodynamics on the wind élnwith atmospheric air;

- Numerical modeling of the burner.

The tasks of 2014 stage are:

- Design of the pilot burner;

- Manufacturing and installing the pilot burner oe #xperimental furnace;

- Testing the combustion efficiency.

2. GENERAL CONDITIONS FOR THE DESIGN OF EXPERIMENTAL
BURNER

Tel: +40214029158, emaifiabriel.negreanu@gmail.com
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The sizing of the experimental burner should satilsé aerodynamics of primary air
jet (coal dust with the assembly of fluids discleardy the mill: primary air, water vapors
from the coal drying process, recirculated fluesga$ and the secondary air jet.

The mass-flow of primary air is related to the cqadlity. The initial coal elemental
analysis is presented in Table 1:

Table 1 The elemental analysis of the lignite

UM Value Method of determination
Total moistur W' % 41,8¢ SR 5264:9
Ash Al % 22,2¢ ISO 1171:1997/+CI:19¢
HCV, initial conditior kJkg 8941 ISO 1928:200
LCV, initial condition kJ/kg 7553 ISO 1928:2009
Carbon, € % 22,8 PO-SME-16
Hidrogen, H % 2,08 PO-SME-16
Nitrogen, N % 0,51 PO-SME-16
Sulphui, S¢ % 0,74 PC-SME-16
Oxigen, C % 9,7¢ PC-SME-16
Volatile % 29,06 STAS 5268-90

The burner will be installed on the embrasureheféxperimental furnace. The lignite
dust will be obtained by grinding of crushed shreds mill fan with direct injection, like
those installed at the steam generator from CHhitaa In order to remove the lignite
wetness, the crushed coal is transported througlpté-drying tower with hot flue-gasses in
the mill suction section.

The dimensions of the air slots should respectahbh@wving conditions:

- Reaching the velocities from the pre-sizing stage;

- Fitting of the burner in the embrasure.

The burner will be reinforced by a circular basat@lwith minimal diameter of 500
mm and a minimal thickness of 4 mm, in order topgupits weight and discharge the forces
to the connection system to the embrasure and pipes.

For the fuel quality presented in Figure 1, af@vieg the stoichiometric equations of
the combustion, the following values have been adeth

- The volume of theoretical humid aWv,), = 232m?/kg; (1)
- The volume of(CO, + SO, = ROZ):VROZ = 043m3/kg; )
- The volume of nitrogenV,, =18 my/kg; 3
- The volume of water vapor from flue-gass¥g;, = 0,79 m’/kg; (4)
- The volume of flue-gasses (stoichiometri¢f: = 302mj /kg; (5)
- The flow-mass of the lignite waB = 200 kg/h (6)

In order to obtain a lower NQoncentration during the first phase of the cortibogs
the burner will be designed for substoichiometoaditions, with an air mass-flow rate of 90
% from the nominal one. The necessary stoichiometitybe achieved by supplementary air
injection and external air leakages, allowing acess air coefficient at the end of the furnace
M =1,15-1,2.

Admitting that the exit temperature from the nlabout 10%C, the mass-flow rate of
the primary working fluid (coal dust, recirculatde-gasses, vapor, air) \éap = 0,104 m?/s.

The necessary surface of the slots for primary vmgrkifluid is computed for a
velocityv,, =15 m/s, imposed by the coal quality (ratio ash/moisture):
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A =—2 =2"""-00069 m? (7)

For a slot width of 0,083 m, required by the fraghof rectangular slots in a circular
embrasure, it results a high of 0,08 m. It may bewad deviations of + 12% from these
dimensions, resulting an unessential change gbtineary working fluid velocity.

For the secondary air slots Il, the section dinmemare 0,280 x 0,140 m, imposed by
the structure of air supply network. While the ity of the secondary air was optimized by
experiment [2] on wind tunne(vas“ =40 m/s), the mass-flow rate of the secondary air I,

represents 70 % of the total secondary air mass-fleeaning 0,06 #fs. with these figure it
is possible to calculate the surface of the sltstfe secondary air |Basi = 0,0015 .

The rest of the secondary air will be injectedutfio the space between the embrasure
and the channels for primary working fluid and setary air Il.

The burner design should satisfy the followingtaydic conditions:

- Losses of pressure on the circuit of primary wogkilid circuit, 10-20 mm bD;

- Losses of pressure on the circuit of secondarly aD—40 mm HO,;

- Losses of pressure on the circuit of secondary,&20-40 mm HO;

In Figure 1 are shown the details of the preheatedsupply and mixed air-coal

supply.

Figure 1 details of the preheated air supply andcehair-coal supply

The pressure losses on the circuit of primary wagKiuid circuit will be covered by
mill ventilation. The 0,2 t/h fan mill provides averpressure of minimum 90 mm®. The
pressure losses from the particle separator ofmilido the burner is maximum 20 mm@.

A rectangular supply network with smoothly curvédyse, with a length of maximum 1,5 m,
transporting a fluid with a velocity of 15 m/s caasa pressure loss of 10-15 maOHthen
the burner design respects this criterion.

While the central preheated air network has acstaterpressure of 150 mm@, , the
pressure losses from the secondary air | and llbeaeasily covered. Eventually, a control
and measurement system (valve and diaphragm) eh#seflow rat can also be installed.

In figure 2 are shown the general conception oheuiconnection to the supplying
circuits of the furnace.
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Figure 2. General conception of burner connectotié supplying
circuits with primary air+coal dust, and secondairyl and Il
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ABSTRACT

In last few years, in Romania, the energy willowps exceeded 1200 hectares, with an average Yi&d ha
at 50 % of moisture. The entrepreneurs are selliegchopped biomass with 50 €/t to the firms anmfividuals,
mainly for heating purposes, to be burned in st@areshot water boilers.

The purpose of the paper is to analyze the oppitytuo increase the overall efficiency of the bimsa
conversion, using a thermal power plant based amkiRe-Hirn thermodynamic cycle. The innovation afr o
research is related to the concept of integratedofishe biomass in energy purposes, from the clampsation
and initiation up to the electricity and heat maskéhe analysis of the different constructive sohs of the
low-size steam turbines allows the estimation eftdchnical performances and economic indicatorsrder to
obtain a successful project.

Several constructive and functional schemes famstpower plants in the range of 200-2000clMé studied in
comparison. The main goals are to maximize thernateefficiency of the turbine at lowest rated lcand to
obtain positive economic indicators (payback perieat present value, internal rate of return)

1. INTRODUCTION

Today, in Romania, energy willow crops are boomihe, cultivated area is over 1000
ha. In 2013, Covasna County held its first energgvésting willow, with a production of 50
t/ha at harvest moisture of 50%. The local usenialsheating installations is restricted by
complicate transport and storage. The design ofep@lants with an output of 200-2000 kW,
allows an efficient recovery, especially in locasonear the crops. The high calorific energy
willow chips (about 16,000 kJ/kg) will expect theawer.

Only a steam boiler with efficient and environméntaendly combustion to be
coupled with a turbine in current production is thain need for harnessing energy willow
crops. The selected combustion technology (willowps entrained by the primary air)
imposes a tunnel-burner attached to the combustiamber. Superheated steam conditions
are required by the turbine input parameters, wihikesteam exhaust pressure is higher than
usual.

2. TECHINCAL SOLUTIONS

Two constructive and functional schemes for steamwgp plants are studied in
comparison. The main goals of the research areowephe technical feasibility, to maximize

1313 Splaiul Independentei, Bucuresti, Romania, 40214029158, email: gabriel.negreanu@gmail.com.
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the internal efficiency of the turbines and to dbtpositive economic indicators (payback

period, net present value, internal rate of return)

The first chosen solution is shown in figure 1 arspired from [1].
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Figure 1 The 200 k\power plant scheme and the steam turbine

The micro power plant is composed of:
» A superheated live steam generajm=R7 bar,to= 275 °C,ta=120 °C) fuelled by dry
chopped energy willowB[kg/s]), generating 0,55 kg/s live steam;
= A steam turbineRe= 200 kW, pc=0.15 bar,n=12000 rpm) composed of two velocity
compounded Curtis stages in sequence;
= An electric generator with 4 poles coupled to théhldurbines trough a gearbox;
= A deaerator supplied with live steam trough a lation valve;

» The condensate pump and the feed-water pump.

Admitting that the isentropic enthalpy drop is ded equally between the two Curtis

stages, the overall design performances of the pl@npresented in Table 1

Table 1 Design and performance data of the 200 KRR

Psc sT1[KW¢] 88 NisT1 0.48:

Pac s12[KWe] 112 NisT2 0.558

Pri sc [KWin] 1688 nsG 0.88
B[kg/s] 0.1055 1 ea 0.1135

The second chosen solution is shown in figurek&rand processed from [2]

Figure 2 The 2000 k\Wpower plant scheme and the steam turbine

The mini power plant is composed of:
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A superheated steam boilgw$35 bar,to= 350 °C,ta=135 °C) fuelled by dry chopped
energy willow B[kg/s]), generating 2,92 kg/s livieam;
= A steam turbineRe= 2000 kW, pc=0.1 bar,n=10500 rpm) composed of two sections,
each one with a Rateau control stage and manyyseesempounded stages;
= An electric generator with 4 poles coupled to timbine trough a gearbox;
= A deaerator;
» The condensate pumps and the feed-water pump.
The original steam turbine had a controlled extoactt the pressure of 3 bar, but we
have computed the turbine like two serial condensumbines (high pressure —HP and low
pressure —LP). The overall design performanceleptant are presented in Table 1

Table 1 Design and performance data of the 2000 Ki_RR

PG Hp[kKW¢] 993 NiHP 0.785

Psc Lp [KWe] 1007 niLp 0.793

Prh sG [KWih] 8213 NG 0.90
B[kg/s] 0.513: NEA 0.243¢

3. ECONOMIC ANALISYS

The economic analysis is carried on a period etpdhe lifetime expectance of the
equipments (usually 20 years). The cash-flow soigrcepresented by the money value of the
available electricity generated during this periddhere are two income components: the
market price fa= 40 €/MWh) and the support scheme for the enengpdyred from
renewable sources (3 green certificatepgef27-52 €/ MWh).

The expenses are represented by the annual rdttiva mvestment, the interest (if the
investment cost is covered even partially by a)ote fuel cost, O&M cost, insurance, etc.

Considering an annual discount rae it is possible to compute the economic
indicators, such as: simple payback tiriig),(net present value (NPV), internal rate of return
(IRR). The conditions for a good micro gas turbsystem are: NPV > 0, IRR &, Ts <
lifetime and related to the investor satisfaction.

NPV =S VS R ek for NPV =Y
t=0 t=0

(+a)

where: -V; — revenues of yedy C; — expenses of ye&ir- n — power plant lifetime.

Vt _C = ; nnf-r(vt _C:t)2 O

t=0

*

1+a

_—
~—=

The study case is based on the installation of R p@ducingPss and delivering to
the network (1e)-Psg, &€ being the internal electricity consumption (assdni®%). The
annual operation period was estimated at 7000 hdaursitegration with the forest activity
(energy willow crop)

The common input figures for the economic analgsés

* O&M costsCoem = 30,000 €/ MWi+4 €/ MWh[3];

» Energy willow pricepew = 20 €/t; (the willow culture and the power plaate
integrated in the same business, so the pricavisrlthan 50 €/t)
Electricity market pricge = 40 €/ MWh;
» Green certificate pricpec = 40 €/ MWh,
* Discount ratea = 10%;
» Planned payback peridg = 7 years;
» The investor has the money for the project andtdaorrow it from the bank.
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In table 2 are represented the components of thiégataosts:

Table 3 Components of the capital costs of the basTPP

No. | Componer 200 kWe | 2000 kWe | M.U.
1 Turbine+annexes+gearbox+electric generator 300,0B000000, €
2 Steam generator+deaerator 60,000 400000 €
3 Pumps 30,000 240000 €
4 Fuel supply and storage plant 20,000 100000 €
5 Chimney 20,000 106154| €
6 Total equipmen 430,00(| 3,846,154 €
7 Services & labc 87,00(| 769,231 €
8 Contingency 43,000 384,615 €
9 Capital cost 560,0005,000,000 €
10 | Specific capital cost 2,800 2,500| €/KWei

The results of economic analyze are shown in table

Table 3 Results of the economic analyze of the besiTPP

No. Economic criteria 200 kW | 2000 kWs | M.U.
1 Ts 8.3 5.3 years
2 NPV 970,892 | 24,671,709 €

3 IRR 14.0¢ 21.5( %

4. CONCLUSIONS

Analyzing these numbers, we can draw the conclugiahboth projects are feasible.
However, a slight slippage of a single input datach as the value of the green certificates, or
even the interruption of the support mechanism)ezsily bring looses to the project and put
the investor in a difficult situation. It is als@$sible to increase the revenues of the plant if
the electricity market price will rise in the futurThe 2000 kWTPP has an overall efficiency
twice then the 200 kWTPP, but its capital cost is quite double. For 200 kWe TPP the
necessary crop area for energy willow is aboutlditiares/2 year harvest, while for the 2000
kWe TPP is about 776 hectares.

After the comparative analysis of the studied témkinschemes, the following
conclusions were drawn:

= The smaller TPP is suitable to work in remote gredmsle the larger one is better to
be connected to the grid.

= While the nominal power increases, the economiatdrs are increasing too.

= The support mechanisms for renewable energy solgresn certificates) are vital
for the project success.
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THE ANALYSISOF THE DYNAMICS OF
VEGETABLE OILSBURNING IN POWER PLANTS

PhD student Eng Bogdan Niculescu
Faculty of Power Engineering, University Politelanf Bucharest

1. THE ENERGETIC HARNESSING OF VEGETABLE OILS

The energetic harnessing of vegetable oils reptes@am economical and ecological
solution if it is resorted only to conventional doastion installations. The development of a
special technology of burning would lead to addigibinvestments, which would be hard to
amortize.

The vegetable oils used for energy purposes diften the bio fuels used in internal
combustion engines and that through special tre@srfellow a different financial course.

The harnessing of vegetable oils that are pure igednwith liquid fossil fuels in
electrical installations includes boilers of hotteraand steam, destined for residential and
industrial heating and the heating of technologgtaem or steam for turbines coupled with
electrical generators.

Analyses that were conducted in the past few yearthe energetic characteristics of
crude vegetable oils indicate they are approacthiage of fossil fuels.

The research on the process of burning vegetalde starting from their energetic
characteristics, is imposed concurrently by two huds, analytical and experimental. It is
estimated that only after a concordance of the iaxygatal results with the theoretical results
occurs, a certain burning technology can be viditla

The most common mixing situation is with the liqéegsil fuels.

The light liquid fuels, like the crude vegetablelspiare characterized by the
temperature of vaporization situated under the ohegnition, with the burning being
influenced adequately.

2. COMPUTATION MODELS APPLICABLE TO THE BURNING OF
VEGETABLE OIL DROPS

Mathematically, the modelling of the burning proses for vegetable oils will be
derived from the one for light fossil fuels.

There exist several mathematical models that apprdlae burning of light liquid
fuels.

The first step in choosing the mathematical modidll daepend on the comparative
analysis of the energetic characteristics for tiuele vegetable oils and the light liquid fuels.

The following structural models are defined:

-the Hitrin model, considers that the liquid dropsceive warmth from the
environment through convection and the time of gnis imposed by the time of
vaporization:

L
peiag

7= 5(#) [s] 1)
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where: F is the boiling temperaturd; Tm — the temperature of the environmekt,Ry —the
ray of the fuel particle, ng —the liquid density, kg/M L — the latent heat of vaporizatidg,
kg; A — thermal conductivity, W/ (K).
- the Varsavski model considers the heat to be redeirom the particle through
conductivity; as a result it has more precisiontha fine drops.

L _(l—sajRpedR "

i /]OTO CD
a

where:R andR, are the rays of the fuel particle, respectivelytred front flame nmt Ao —the
conductivity coefficient at @; a =A/( o cp); @ correction function with the repoft/Tm.

- the Godsave model considers decisive the infla@fiche radiation over the burning
time

c AT
3In|1+-2L
Al

where: ¢ is the specific heat of the fuel, kK/(kgK) - the amount of heat for evaporation
and lifting the temperature of the fuel up to tladue of balance for the surface

-the Spalding model considers the burning in &astary film at the edge of the drop
under the influence of the flux of the fuel-airfdgion

__ PR
- 2Dp|n(1+ B) [s] “)

where:D is the coefficient of the diffusion of fuel-ain?/s, B- the heat transport parameter,
— the density of the burning gases, k§/m

_ H_I m, T, T (5)

=1 _2+Cp
Al B Al

in whichHii - is the calorific power of the fuekJ/kg; m,, - the gravimetrical concentration of

the oxygen in a gaseous medium; the oxygen needed for the burning of the unifuef, Ty
— the temperature of the burning gagésTs — the temperature of the particle's surface, which
can be approximated with the temperature of vaptag, K..

As a result of the analysis of the energetic cliarggtics of the crude vegetable oils,
shown in table number 1(conducted by ICEMENERG eary2012), characteristics that are
very close to the light liquid fuel from the die$eél class can be distinguished.

The flammability point is of 320-38C for the sunflower oil, of 250 — 280 for the
canola oil and of 82 — 8T for the diesel fuel mix.

The higher value of the vaporization and ignitiemperature for the vegetable oils
implies the choice for the numerical simulationtbé Spalding model, dominated by the
burning in a single film on the edge of the paetiahd determined by the time of the oxygen
diffusion.
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Table 1
The energetic characteristics of crude vegetailde o

The fue Theenergetic characteristic
theboiling | density | Specific | Latent Conductivity | Calorific
temperature| kg/md heat heat W/(ms) power
°C KJ/(kgK) | KJ/kg Hi
KJ/kg
Sunflower oi 21(C-23C 91£-93C | 1,8(-1,8¢ | 50C- 0,1¢&-0,18¢ 3900¢(-
530 39400
Canola oi 22(-24% 91£-93C | 1,751,8C | 50C- 0,1¢ 3990¢(-
520 40100
Diesel fuel 230 858 1,74-1,76  430¢ 0,169-0,171 40600
445
Sunflower oil 220 880 1,8-1,83 480- 0,177 39800-
40% and diesel 488 39900
fuel mix

In figure number 2, it is presented the variatidrthe viscosity with the preheating
temperature.

W Uleifloarea soarelui+40%motorina

.03 \ @ motorina

(=]
o
R
'Y

o} 20 40 60 80 100 120

tiCj

Figure 2. The variation of the viscosity with tieenperature

The length of the flame of the liquid fuel partichfter paper [2], can be determined
with the relation:

ut
L=— 6
[1+ A]z [m] (6)
where:u is the speed of the flow in the output sectiothm burner, m/s;— the times.
The A coefficient has the structure:

24 1/2 d 15

A= 1+_-[& gf_a] EE_JJ (7)
Te pe Ue dO

where:z is the superficial tension of the liquiN/m, p,,p.— the air density, respectively of

the liquid fuel, kg/m; va ve— the air viscosity, respectively of the liquicefun?/s; dj, do —
the diameter of the fuel squirt, respectively thgpat section, m.
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3THE ANALYTICAL RESULTS CONCERNING THE BURNING OF
VEGETABLE OILS
In figure 3, the length of the flame for burningthunflower oil in a crude state and

additivated with 40% diesel fuel is presented.
2.5

1.5

\
\

- e mixtura n=0.6/s

/ //ﬂ < ulei floarea soarelui n=0.2/s

0.5

Fig.3. The length of the flame depending on theedp the fuel at the injector exit

The speed of exit from the injection orifice wasisidered in the 0,2 m/s domain, a
domain applicable for a burner of low flow, whiclancbe applied in the harnessing of
vegetable oils. The data are for a repgfthdnd a preheat temperature of the fuel #90

In order to determine the time of burning in ctaten with the length of the flame,
applications for the Spalding model have been ahasdation (4). Quantithal was chosen as
equal with the latent heat of vaporization L. Theygical quantities have the following
values:

- for the sunflower oil: K = 39400KJ/kg; L = 500KJ/kg; no2 = 0,23 kg/kgp = 3,48; ¢ =
1,86 KJ/(kdK)
- for the sunflower oil and 40% diesel fuel mix; #39900KJ/kg; L = 480KJ/kg; nv2 = 0,23
kg/kg; B = 3,48; ¢ = 1,83KJ/(kK); Tg— Ts = 1100,A = 0,18 W/(ms)
After calculations, the results were the following:
-crude sunflower oil

_ 39400023 1100

B="" " +186—— =093
50C 3.48 50C
- for Ro=40um
2
e 9150186((004)° _ 3045
2[018(n(1+ 9.3)
- for Ry = 50pm

- 915[1.86{005)’

®  2[018In(1+93)

A compatibility between the time of burning ané flength of the flame, presented in

figure number 3, can be distinguished, for instaltes of reduced thermal powers, with the

lengths of the firebox of under 1,2 m and an inseglaadaptability for installations of large
and medium thermal power.

= 425s
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EFFICIENT USE OF NATURAL GAS
FOR A MEDIUM SIZE DISTRICT HEATING SYSTEM

lon Opred, Gabriel Negreanu, Viorel Berbece, lonedaPTucian Mihiescu
Politehnica University of Bucharest

ABSTRACT

Cogenerative combined cycles are now the best coomheechnology for energy production. They
achieve the higher overall efficiency then otheerational power plants, low greenhouse gases aod cgpital
cost. The modern gas-turbines, with high inlet terafure, give the possibility to increase the ttarefficiency
and the economic results both in electric and ceggion operation. Based on literature and ownaredethis
paper emphasizes the opportunity to obtain betten@mic results for natural gas use as fuel fordis#rict
heating of a medium size district system. The «tgdy involves not only the thermal efficiency lalso the
capital costs, fuel price, operational and maimepecosts, and the taxes imposed.

1. INTRODUCTION

The new power plants must meet three major req&ngsn minimum investment,
maximum efficiency and reduced emissions. From fheent of view the cogeneration
combined cycles are the optimal solution being nmosdern technology in commercial
power generation. Combined cycle fuel used musa lseperior fuel, gaseous or liquid that
burns in the combustion chamber of the gas turl¥mst power plants operate today in the
most efficient combined cycle using natural gatuat

Cogeneration of electricity and heat in gas-steambined cycle ensure thermodynamic
and economic benefits for certain. The thermal p@eof a combined cycle is higher, given
that for the same value extracted for heating stéemperature, enthalpy drop in the
combined cycle compared to the classic. Heat igpststeam combined cycle is at a higher
temperature, corresponding to gas Brayton cycle.

2. OPERATIONAL SOLUTIONS

Combined cogenerative cycle systems operate nawr@e basiconstructive solutions

[2]:

- Heat recovery steam generator;

- Backpressure steam turbine (fig. 1);

- Extraction condensing steam turbiffig. 2).

All these three variants bring additional powed doetter performance flexibility using
supplementary firing, with the ability to independyg adjust the production of electricity and
heat. Gas turbine power controls electric poweregation and supplementary firing allows
controlling the flow of steam and heat. Anotherusioh that improves the peak loading is
complementary firing system, which involved a seppéntary industrial sized gas turbine.

In combined cycle with heat recovery boiler, thiesimg of the regenerative circuit in the
Rankine makes dominant the externedgeneration index(power to heat ratio in
cogeneration Another feature is the high minimum value ofstimdex. The cogeneration
index of combined cycles is significantly affectgdthree parameters:

1Splaiul Independegi 313, sector 6, Bucharest, PC RO-060042, oprea@eaen.pub.ro
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- The size of the final condensing region of theustdurbine;
- Steam pressure value to the consumer or induateals;
- Supplementary amount of fuel burned.

@
1
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5

Figure 2: Combined cogenerative cycle with singlespure heat recovery boiler
and extraction condensing steam turbine

1 — additional heating circuit; 2 — preheating sthg3 and 4 — preheating stage Il and Ill;
5 —low pressure preheater; 6 — condenser.
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Figure 1: Combined cogenerative cycle with singiespure heat recovery boiler
and backpressure steam turbine
1 — additional heating circuit; 2 — preheating sthg3 and 4 — preheating stage Il and Ill.
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The modern gas turbines with high inlet temperataeke no advantage the supplementary
heating. More over the supplementary firing dintigis the cogeneration index value that
means a decrease of the thermodynamic efficienay. Wbetter efficiency, combined
cogenerative cycles are recommended to be usedroréiatively high cogeneration indexes.

Extracting condensing steam turbines as comparethéobackpressure turbines are
characterized by smaller internal efficiency, higtienensions and costs. But they have some
indubitable advantages. These steam turbines caratepindependently of heat demand and
have high operational flexibility, covering broacas of demand for electricity and heat. The
ability to produce additional electricity in thermensing region makes possible an increasing
of the cogeneration index. As it increases, deedse overall efficiency of the combined
cycle, which at very high cogeneration index apphigg the combined cycle without
cogeneration. This makes the backpressure turbibe preferred for combined cogeneration.

In modern power combined cycle, with triple pressuhe live steam condition of the
heat recovery steam generators is close to thoed irs classical cycles. Under these
conditions the pressure steam extracted to prdwedé¢ consumption has a major influence on
the combined cycle characteristics. In contradbdiders with lower parameters and single-
pressure, without supplementary firing, the leviehe live steam pressure plays an important
role. Thus, the high pressure steam is extracteil,is necessary to adopt a higher pressure of
the live steam, in order to ensure a sufficientbhhenthalpy drop in the turbine between the
two pressure levels. By increasing the live steawsgure decreases the degree of heat
recovery and the introduction of additional heatingpop become necessary.

To be effective the steam extract temperature irict heating should be as small and
live steam pressure greater than for no cogeneratygle. The optimum steam extracted
temperature is determined so as to obtain maximleutrigal power and lowest cost to
transport heat.

3. CASE STUDY

The new combined cycle power plants set new wattbrds with both their electrical
efficiency of more than 60 percent and un unmatchgiply of thermal energy for municipal
district heating. The fuel utilization rate of netligas fuel increases in cogeneration above
85 percent.

The objective of the case study is to emphasizehitje efficiency of a triple pressure
cogenerative combined cycle and the possibilitgtitain better economical results for natural
gas using. The thermodynamic analyze includes aetrfod the heat exchange in the steam
recovery boiler, that get the possibility to fingetsteam condition for the all three steam
circuits.

On consider a cogenerative triple-pressure conabayele that has a thermal output of
180 MWt, corresponding to a medium municipal distieating. Heat is supply by an
extracting condensing turbine as is shown in fidgdire

The gas turbine has maximum temperature of P&pressure ratio 18,1, exhaust mass
flow 650 kg/s and exhaust temperature 820 For the Rankine cycle steam condition is: live
steam p = 110 bar, ¢ = 565°C, one stage of reheah t= 565°C, the intermediate steam
pressure @ = 26 bar, the low steam pressuse 3.7 bar, condensing pressute[®.07 bar.
The recovery het boiler arrangement is shown inirg3 and the minimum temperature
difference was considerétl=°C. An intermediate temperature for high pressupmriaation
circuit was considered. The equation system fot éeehange is given below:
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Figure 3: Cogenerative combined cycle with tripiegsure heat recovery boiler
and condensing steam turbine

(teer Cpgl teev) — tox1*Cpgltex1) ) Mrec = (mp + my)-(hyg — heyerp) (1)
(tex1 Cpgl text) — tex2 Cpal tgx2) ) Mrec = mp-(hg —h"p) (2)
[tgx_s-cpg(rgx_w} — (tso + 8t)-Cpg(ten + Eitﬂ-w]rec = my1g (3)
I:(tsg + Ot)-Cpg(tso + Ot) — rgﬁ-fpg{tgx;,}]-ﬂrec = my(heyerp— 1"y ) (4)
I:tg-x_z'cpg(rngl — |t +6t)-Cpp (1 + Et)]--ﬂrec = my-1q + mg(h'p — hyy) (%)
(ts1 + 0t)-Cpg(tsy + 8t) — tgxa- Cpg(tgxs ) Mrec = Mo+ (hay —h'y) ... (6)
+m;-(h'y — h's) + my-(hgy — h"5)
[tgﬂ-cpg(rg“} — (te + O1)- Cpg(Ten + Gt)j-mec = m-1s (7)
[('ts_w + 8t)- Cpg(tn + Bt) — tE.-(_"Pg[re]]--nﬁ.C = (mg + my +my)-(h's — hy,) (8)
where:

— tgev , tx , te , - €xhaust gas turbine temperature, intermedjate temperatures in heat
recovery steam generator and stack flue gas tempera

— haa - feed water temperature;
—mo, My, My - relative mass steam flow;
— Irec - heat recovery steam generator efficiency.
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The relative mass steam flows corresponding tch garessure are: ¢gn= 0.1264,
m; = 0.02 and m=0.017. The flue gas temperature to the heatveegosteam generator
exhaust was obtainegl+ 87°C.

The simple gas cycle efficiency is 39%, combingde gross efficiency is 0.61 and the
overall fuel utilization ratio in cogeneration iséxcess of 70%. In district heating operational
mode the extracted steam ensures the thermal ootpl80 MWt with a loss in power of
about 50 MW.

4. ECONOMICAL ANALYSS

The economical analysis will be conducted on agakeequal to the lifetime expectance
of the equipments (usually 20 years). The two pasitash-flow sources are represented by
the money value of the available electricity anéthgenerated in a year, including two
bonuses (for high efficiency cogeneration and: €&ving).

The expenses are represented by the annual rdttine mvestment, the interest (if the
investment cost is covered even partially by a)otre fuel cost, O&M cost, insurance, etc.

Considering an annual discount rad {t is possible to compute the economic indicaitor
of the case, such as: payback tirfig),(net present value (NPV), internal rate of ret{iRR).
The conditions for a good electric and heat cogsier system are: NPV > 0, IRR &

Ts < lifetime and related to the investor satisfattio

LV -C
NPV =t
;(1+a)t )
LV -C
IRR =a*  for NPV :Zt—*ttzo (10)
t=0 (1+a)
N =T,
St -c)=o0 (11)

t=0
where:
- Vi — revenues of yedy C: — expenses of ye#ér- n — power system lifetime.

The analysis was performed for the above case/ siute annual operation period was
estimated at 8160 hours (4400 winter time).
The input figures for the economic analysis are:
* Specific capital codyp = 583 €/kW,
* O&M costsCosam = 3.4 €/IMWh+4.5 €/kW;
 Natural gas tariff gis= 0.29 €/ri;
* Electricity tariff ps = 35 €/ MWHh;;
 Heat tariff g = 36 €/ MWAH;,;
» Discount ratea = 10%;
» Planned payback peridg = 7 years.
After running the operational case, we have obththe following results:
* NPV = 69,920,000 €;
* IRR = 12.65 %;
e Ts=8.9 years.
Looking to these values, it is obviously that tmejgct is successful for a high efficiency
use of the natural gas, but it is sensitive tovillee of support-mechanisms.
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5. CONCLUSIONS

The paper is an application that shows the bemwéfihe natural gas utilization in a
cogenerative combined cycle for a medium distrézitng.

The choice of a triple pressure cycle ensures#tter performances both in electrical
and heating operational modes. The presented dasked for natural gas fuel have
demonstrated an efficiency of 61% in condensingerand the fuel utilization rate over 70%
in heating mode. The extraction condensing stearnint is capable of satisfying heat
demand of 180 MWt for the municipal district hegtisystem. The analyzed solution has a
high operational flexibility, good part-load effegicy, minimum impact on environmental and
huge reduction of C&emissions.

The economical study of the cogenerative combin@techave proved that the project
is successful for a high efficiency use of the ratgas, but it is sensitive to the value of
support-mechanisms.
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POLLUTANT EMISSIONS OF A HEAT TREATING FURNACE

Daniela Pait, lon V. lon
“Duniarea de Jos” University of GalaRomania

Abstract

The NQ and CO emissions are regulated pollutant emissiansrder to have an insight into the degree
of the amount of pollutant emission, especiallytreg modification of combustion conditions in therface is
necessary to know the generation mechanisms anhftnbence of different parameters on their forroatiln
this paper, the mathematical models to quantifygdeeration rate of CO and N@ a heat treating furnace, on
the basis of the chemical equilibrium and chemikaatic mechanisms have been developed.

1. INTRODUCTION

European environmental regulations continue to cedine CO and NOemissions
from the combustion plants, production and processf metals and other industrial activities
[1]. Furthermore, the holders of stationary comimmstplants that generate emissions of
pollutants in the atmosphere are obliged to pagdar the Environment Fund in the amount
and for substances listed in Annex. 1 of the Gavemt Emergency Ordinance no. 196/2005,
approved with amendments by Law no. 105/2006, anded and supplemented.

The role of a heat treating furnace is to heatrtfagerial to a uniform temperature in
order to change their shape or properties by u$imy as less as possible. The metal
processing including iron production is one of tlegest energy consumers in the
manufacturing sector. To improve the energy efficie many techniques have been
developed. The most used techniques are: combusttbrminimum excess air, correct heat
distribution, furnace waste heat recovery, improdedign of burners, combustion control,
and instrumentation [2]. Combustion with minimuntess air is the first option in increasing
energy efficiency as it is more economically corigah

The normal operation of most burners of a furnacehgat treating is with as low as
possible excess air to avoid metal oxidation. Tleeeemuch attention should be paid to the
CO emissions and combustion efficiency. The lowesscair in flame combined with
techniques to reduce N@missions (steam or water injection into the flaaie and/or fuel
staging, flue gas recirculation, ultra-lean premgxi and eliminating preheating of the fuel
and/or combustion air) leads to increased emissfddO. During the start-up of furnace the
burners produce cooler flame because the furnatls,wdich are cold, absorb much radiant
energy from the flame than they do when they aredmal because the furnace is full of
ambient air which is entrained by the flame leadinghe cooling of the flame. The steep
decrease of flame temperature has as result theaise in CO emission.

CO emission is very important especially at smablthreating furnaces where the CO
can come out from furnace into the atmosphere adbe furnace. It is known that the

! Galati, 47 Domneasca St., E-malanyela_mail@yahoo.com
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concentration of CO in the air of 100 md/im fatal to the person who draws air loaded with
CO [3].

In order to have an insight into the degree of éimeount of pollutant emission,
especially at the modification of combustion coiudlis in the furnace is necessary to know the
generation mechanisms and the influence of diftgparameters on their formation.

In this paper, the mathematical models to quantié/ generation rate of CO and NO
in a heat treating furnace, on the basis of thanote equilibrium and chemical kinetic
mechanisms have been developed.

2. CO AND NOx GENERATION MECHANISM S

Pollutant genesis in combustion processes is glosthted to individual chemical
reactions that sustain combustion. Formation di@amonoxide and nitrogen oxides depends
very much on the ratio in which the two reactant®lved in the reaction - the fuel and air of
combustion and the temperature at which combugt&as place [5]. With the increase in
air/fuel ratio, under adiabatic conditions, the @amtration of CO in the flue gas decreases and
the NQ increases to reach a maximum, and then decredsmeasing the combustion
temperature leads to an increased concentratibi©pfand to a lower CO concentration.

At chemical equilibrium there is enough time fok @mbustion reactions to proceed
to perfection, so that chemical kinetics is lespontant. The chemical equilibrium describes
composition of the reaction products tat can beeael if the system is kept sufficiently time
at constant temperature and pressure. Experiereehmavn that most combustion processes
take place in finite time and thus chemical kireicimportant [4]. In order to understand the
factors influencing the chemical pollutant emissiggnecessary to study the rate at which the
chemical system closes to the final equilibriuntes{g].

The mechanisms that describe the combustion inciutlrge number of reactions,
even for simple hydrocarbons. Description of contbus kinetics of usual fuels is
complicated by lack of knowledge of the compositmifuels. Once initiated combustion,
combustion reactions take place quickly. The pahutformation processes involve physical
processes or slow reaction that impede the equifibreaching during combustion or as the
combustion products are cooled and lead to partialation of the fuel [6].

Detailed description of the dynamics of the muttéuof simultaneous reactions
requires finding the solution of a large number astlinary differential equations [6].
Integrating these equations is difficult becauseythontain very different time scales, from
short times of free radical reactions to long tiroéitiation reaction. One way to overcome
these difficulties consists in modeling the comlmusteactions in the processes represented
by a small number of synthetic reactions, each loitiwv describes the results of a number of
stages of the basic reactions. These mechanismied cédblobal mechanisms" are
stoichiometric equations that can be developedafgproximate kinetic expressions. The
overall reaction rate expressions may be deriveoh fdetailed kinetic mechanisms by taking
into consideration appropriate simplifications, Isuas steady state or partial equilibrium.
Another alternative is to use the correlation betweoncentration profiles, experimentally
determined, of the species, the flame velocity mesaments or other experimental data for
parameters estimating of the overall rate [6].

The global mechanisms greatly reduce the compleaitythe kinetic calculations
because a small number of steps are used to dedtrbbehavior of a large number of
reactions [6]. In addition, the simplified reactsoimvolve generally the major stable species,
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reducing the number of chemical species that shbeldollowed. Minor species greatly
influences the formation of pollutants and thaivlsy the simplified overall mechanisms may
not contain sufficient detail to describe chemjpallutant formation steps [107].
The hydrocarbons are consumed quickly during cotdougyenerating CO, Hand
H20. The oxidation of CO to CQoccurs at very low rate [107]. This differencer@action
rates may be taken into account using the two-+stegel, which separates the rapid oxidation
of the hydrocarbon to CO and® from the slow oxidation of CO to CQLO7]:
m n n
CH, +(3+Z)02 obr - mCO+~ H;0
(:o+%o2 ok~ co,

(1)

The rate of reaction A is expressed by the samdrmapequation used for the one-
step reaction model [107]:

Va =KalCrH ] *[0,]° [mol/im? 5] (2
The rate of CO oxidation is given by the empiriequation [107]:
v =kg[H,0]°[0,]¢[CO] [mol/m3-s] 3)

where the concentration of {8] is included in equation because the largestesb&iCO is
consumed by the reaction with OH, which is suppdedzk in equilibrium with BO [6].
According to Dryersi Glassman [107], the oxidation rate of CO in the-steps

model, can be described by the following equation:
20130

Veo = - 1310°[COJ[H,0]°°[0,]%%°e T [mol/m?®:s] (4)

The two-steps model, although does not describesrately the processes that occur
at the beginning of combustion, represents an ingmant of the one-step model, because it
is considered that the CO oxidation reaction ocatinsiuch lower rate than the rate at which
fuel is consumed [6].

During the experiments accomplished on a small Imegamtment furnace it was
observed that at the cold start up, CO emissidgis due to rapid cooling of the flame which
loses heat to the cold walls and cold metal partsiinace (Fig. 1). Heat exchange between
the flame and the furnace walls occurs at highter ttean is normally done when the furnace is
hot. This is in agreement with the results of nuoarsimulation using two-steps combustion
mechanism of hydrocarbons combustion and CO foomafeq. 4). After separation of the
variables, the equation (4) has been integratedidering the flue gas mixture composed of
the reactants CO,4, O, and the inert gasaNind CQ.

Figure 2 presents the variation of the CO concéatrawith flame temperature for
different residence times of reactants in furnaaed in Fig. 3 the variation of CO
concentration with flame temperature for three galaf the oxygen excess in flame. There is
an increased conversion of CO to £f0r high values of flame temperature. The residenc
time of the reactants in flame greatly influendas €O concentration. A high residence time
leads to a low concentration of CO. The oxygen sxée flame influences to a small extent
the CO concentration. The concentration of CO dmme with increasing of oxygen
concentration in flame because the excess oxygepeasates for imperfections in mixing of
the reactants and because of the gas mixtureatiluti

The combustion of organic fuels leads to the foromadf nitrogen oxides. About 95 %
of nitrogen oxides from the flue gases are in threnfof nitrogen monoxide and 5% in the
form of nitrogen dioxide. Nitrogen oxides are fodrfeom two sources via three mechanisms:
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- molecular nitrogen contained in the combustianwhich at high temperature conditions in
flame reacts with oxygen from the air, forming th& called thermal nitrogen monoxide.
Thermal NO generation in the flame core occursrdptine combustion of majority of fuel;

- nitrogen contained in fuel, in the form of compds which decompose during the
combustion process forming the so- called fuebgi&én monoxide;

- molecular nitrogen contained in the combustiondiich is combines with hydrocarbon free
radicals that exist only in the oxidation zone forgiso-called prompt nitrogen monoxide.
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Fig. 2. Variation of CO concentration with flamengerature, for 3 values of residence
time.
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Fig. 3. Variation of CO concentration with flamenjeerature, for 3 values of excess air in
flame.

About 85% of nitrogen oxides in the flue gas drerinal NO and the rest are fuel NO
or prompt NO [5]. Nitrogen dioxide is formed at ld@mperatures by exothermic reactions of
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NO [105]. The NQ@ formation is favored by rapid cooling of the flgas in the presence of the
large amount of ©[4].

The rates of NO generation and destruction, resgtare [6]:
69160

Vio = 135ﬂ016p[N21[021$e T (5)

47355

_ _os 1
Vo = 225p[N,]?[0,] 0'5?9 T (6)

The rate of prompt NO generation is given by tHe¥ang equation [6]:
16000

1 S
Vno = 1900° ([N, ][O, )i [CH,J;) P e T (7)
where |’ denotes the initial concentration.
Reactions at chemical equilibrium involving NO, N®.> and Q and their equilibrium
constants are [4]:
%02 +%N2 - NO

(8)
10900
_ —5 _ [NQ]
Kono =478 T =————
[N5]2[05]2
NO+%02 < N02
9)
6923
_ 4 1 _ [NG]
Kpno, = 25007 T =——2—
[NOJ[O,]?

This model allows to estimate the concentratiohlOfand NQ in flue gas as function
of temperature and excess air. Excess air inflileimcévo ways the concentration of NO and
NO2: more air in flue gas means more nitrogen thatlmamonverted into NO and NCout
more air in flue gas leads to lower flame tempemtand hence to reduced emission of NO
(NO). To see the influence of excess air on the eomssif nitrogen oxides have been
calculated and presented graphically concentrabdhO and NQ at equilibrium (Fig. 4).
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Fig. 4. NO and N@concentration as function of temperature and exags
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The NQ concentration increases greatly with temperatnoeease over 1200 K. A
lower excess air means a higher ;N@oncentration. Less air in flame means higher
temperature and therefore higher Nsoncentration.

3. CONCLUSIONS

European environmental regulations continue to cedine CO and NOemissions
from the combustion plants. In order to find outwhthe CO and NQ emissions are
influenced by the flame temperature, excess airrasglence time simple models based on
chemical kinetics and chemical equilibrium haverbdeveloped to estimate the CO andxNO
emissions. Using these models, the CO and; N@ncentrations have been calculated and
plotted. There is an increased conversion of CG®a for high values of flame temperature.
The residence time of the reactants in flame greatluences the CO concentration. A high
residence time leads to a low concentration of T oxygen excess in flame influences to a
small extent the CO concentration. The concentmatib CO decreases with increasing of
oxygen concentration in flame because the exceggeoxcompensates for imperfections in
mixing of the reactants and because of the gasumeixtlilution. The N@ concentration
increases greatly with temperature increase ove0 X2 A lower excess air means a higher
NOx concentration. Less air in flame means higher tFatpre and therefore higher NO
concentration.
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HYDRAULIC FRACTURING IN THE UNITED STATESOF AMERICA

Dan Parascih
Process Improvement Manager, OneSubsea - a CamedoBchlumberger company

ABSTRACT

Large amounts of hydrocarbons (specifically gasija¢oot be recovered economically from low
permeability, gas-saturated sandstone. Generalbynaation permeability of less than 0.1 millidariey
unsuitable for conventional drilling and recovergthods. Geologists and oil producers became inoglgs
aware of the huge untapped hydrocarbon reserveained in low permeability formations.

A new method, the hydraulic fracturing, was firsperimented in 1947. Since 1949 it was used extehsto
reinvigorate declining production of conventionalis. In the past ten years the hydraulic fracgi(iinacking)
became the preferred method to design new welisfimtmerly inaccessible hydrocarbon reseriéer e than
two and a half million hydraulic fracturing jobs were performed in the ldpwith aboutone million in the US
alone.

1. WHAT ISHYDRAULIC FRACTURING ?

Hydraulic fracturing is a technique used to maxarmieservoir production of shale gas by
creating small fractures (typically less than 1nmty the formation to increase permeability.
A directional well is drilled in the pay-off zonené water mixed with sand and various
chemicals is injected into the well at very higlessure. The applied pressure opens small
fractures. After the hydraulic pressure is removkd,fractures are kept open by the grains of
sand or aluminum oxide that were mixed with therhaydic fluid.

Portable frac water flowhack recyciong plant
- ton Gt es Rarech)

Steel pipe
2 Leyess]

Impenious rock layers

o~

Ol shabhe

Figure 1 Hydraulic fracturing
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2. BENEFITSOF FRACKING

Less than a decada ago, government studies anstindunalysts predicted that the
United States will run out of gas. Extensive uséyafraulic fracture made these studies
obsolete. The US shale gas production increasededylet times in less than 10 years.
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Figure 2 Monthly dry shale gas production
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Figure 3 Trends in natural gas spot price

At the same time with increased shale gas productlee natural gas prices, in US,
dropped from a peak of $13 per million Btu in 2068 low of $2 per million Btu in 2009.
Current prices, set by the demand and supply méahamre around $4 per million Btu. In
2012, in Japan, the cost of Btu (LNG) was rougblyrftimes higher than in the US.

It is predicted that by the year 2016, the Unitéates will become a natural gas net exporter.
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In addition to the pure domestic economic bentfé,high production of natural gas
in the US and the export availability has a siguaifit geo-politic and economic impact.
United States could become an important playeneénglobal energy market, especially in the
natural gas and LNG sectors, currently dominateteiaysuppliers and in certain cases by
producers with monopoly power.

Natural gas is the cleanest fossil fuel. It produabout 29% less carbon dioxide per
Joule delivered than oil. When compared with cda#, difference is even more significant:
natural gas produces 44% less (@@r Joule delivered than coal. According to the CPC
Fourth Assessment Report, in 2004, natural gasugextiabout 5.3 billion tons a year of £0
emissions, while coal and oil produced 10.6 an@ hilion tons respectively. According to
an updated version of the Special Report on Emmss&cenario by 2030, natural gas would
be the source of 11 billion tons a year, with coad oil now 8.4 and 17.2 billion respectively
because demand is increasing 1.9 percent a ye#&al @lmbal emissions for 2004 were
estimated at over 27,200 million tons. Other palhi$, such as sulfur dioxide, carbon
monoxide and nitrous oxides are produced in muefetoamounts by the combustion of
natural gas, when compared to any other hydrocafbels. Vehicles powered by liquefied
natural gas, propane or compressed natural gasleaner than cars with either gasoline or
diesel in the tank. According to the DepartmentEsfergy, if the transportation sector
switched to natural gas, it would cut the natiar@gbon-monoxide emissions by at least 90
percent, carbon-dioxide emissions by 25 and nittemdade emissions by up to 60.

Coal-fired electric power generation emits aroun@@ pounds of carbon dioxide for
every megawatt hour generated, which is almost othe carbon dioxide released by a
natural gas-fired electric plant per megawatt hagenerated. Because of this higher carbon
efficiency of natural gas generation, as the fuet m the United States has changed to
reduce coal and increase natural gas generationpea dioxide emissions have unexpectedly
fallen. Those measured in the first quarter of 2@de the lowest of any recorded for the
first quarter of any year since 199@Rachel Nuwer: A 20-Year Low in U.S. Carbon
Emissions)

2. CHALLENGESAND CONTROVERSIES

a) Water Recycling: Hydraulic fracturing uses a lot of water. It ceake as much as
27,000 cubic meter of water to process just oné, wkthough these are extreme cases. Most
wells will take between 10,000 and 15,000 cubicemef water. At least one third of this
water will be trapped deep in the shale. Frackipgrations can contribute to the depletion of
water supplies in drought-stricken areas. Comprglierstudies of the region’s water supply
should be conducted before the fracking operati@gsn. To put things in perspective, hydro-
geologist David Yoxtheimer of Penn State's Marcelenter for Outreach and Research
notes: “Of the 9.5 billion gallons of water usedilg in Pennsylvania, natural gas
development consumes 1.9 million gallons a day (miekstock use 62 mgd; mining, 96
mgd; and industry, 770 mgd.”

Depending on the type of reservoir, 20 to 80% ef water injected flows back in the early
stages of production.

All the flow back water is treated to remove pdlutis, (such as solid particles, hydrocarbon
molecules, salts) that are picked up as the whiessfthrough the reservoir rock. In addition,
fracking additives must also be removed beforewhéer is return to the ground. Modern
treatment processes allow up to 90% of the watbetmecycled.

A different method that is investigated by the @dmpanies is to use deep saline aquifers,
whose water is unsuitable for human consumptiom, @&sw source of water supply.
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b) Protecting Aquifers: Drilling deep holes in the ground will reach agu#. This is not
something new to the industry and it is not resddo hydraulic fracturing operations. It was
true at the time of the Spindletop and it is trodaty. The industry developed very effective
methods to protect the sources of underground fvesier by isolating the well bore with
successive barriers. A typical well design is shdstow.

Historically, there were incidents were a poor cetjeb, inadequate casing program or other
causes led to underground water contamination.elbesurrences are not specific to
hydraulic fracturing. They are risks associatedrtp drilling in the ground beyond a certain
depth. The problem can be corrected by using séroogment and processing casings to
create a better, impermeable seal.

The iconic image captured in 2010 in the “GasLato€umentary that shows a man’s
kitchen faucet with flames coming from the pipes haen explained.

The entire scene appears a damning indictmeneajals drilling nearby. However,
Colorado officials determined the gas wells weretadlame. The homeowner’s own water
well had been drilled into a naturally occurringcket of methane.
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§ Production
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Figure 6 Drilling cross-section

¢) Radioactivity: Uranium isotopes such as radium-226 and radiuma2g8oart of the

shale formation. It is a natural phenomenon usedédxnjogists and drillers to measure and
chart the underground. The higher the radiatiorelgvthe greater the likelihood of gas
deposits in that section. But that does not necdssaean the radioactivity poses a public
health hazard. Tests conducted in Pennsylvania amdphe radiation level of fracking fluids
that return to the surface to the radiation leviehaturally occurring water that contains
radioactive elements and found no evidence of &elveadiation levels. Conrad Dan Volz,
former scientific director of the Center for HegltBEnvironments and Communities at the
University of Pittsburgh, is a vocal critic of tlepeed with which the Marcellus is being
developed—but even he says that radioactivity ab@bly one of the least pressing issues. "If
| were to bet on this, I'd bet that it's not gotode a problem,” he says.

d) Transparency: Oil and gas producers invoked proprietary privéiedo keep secret the

type and quantities of the chemical compounds uséukir wells. This is changing, as Texas
was the first state to pass a law, in 2010, reggifull public disclosure. Following the new
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regulations, we learned that the ingredients ireladch benign products like instant coffee
and walnut shells, but also some known and suspe@ecinogens, including benzene and
methanol. Some 5000 gallons of additives are used/el million gallons of water and sand.
That is only 0.5%, however the large amount is neigeificant than the concentration. The
real question is what to do with this fluid oncereturns to the surface. Depending on the
formation porosity, this wastewater can be re-igddnto the impermeable rock some 1.5
miles deep. This method is not possible at somerdtitations (such as Marcellus Shale)
where the underlying rocks are not porous enoughv hethods of wastewater treatment are
developed and several facilities are approved ecgss these fluids. Most companies use the
unprocessed water to drill their next well.

e) Pollution: It is clearly established that natural gas hasnget carbon footprint than any
other fossil fuel.
However, bringing the gas to the surface is angnimtensive task. Drilling and production
sites rely on large diesel engines and generatorsmg around the clock. Heavy truck and
equipment traffic is common.
The industry response is not less drilling for pgsmore equipment running on natural gas.
Another pollution concern is the methane, extergiueed in the drilling process, with
potential to escape from poorly designed and miaetbequipment. Methane is a significant
greenhouse gas.
Robert Howarth at Cornell University has calculateat methane losses could be as high as 8
percent. Industry officials concede that they cdaddosing anywhere between 1 and 3
percent. Some of those leaks can be preventeddrgsgively sealing condensers, pipelines
and wellheads.

f) Earthquakes: Using hydraulic fracturing to open fractures teggminute tremors
within the source rock. These movements are terfimeidro-seismic events." Although
significant enough to induce fracturing within tleek, they can be detected only by the most
sensitive instruments because of their extremely hoagnitude: typically -3 to -2 on the
Richter scale, or even at most +0.5. Humans candetect earthquakes with a magnitude of
at least +3 (which is a million times higher thae t3 induced by fracking). And every day,
seismographs record several thousand quakes widgaitude of less than +2.

It is true that slightly stronger tremors indirgdihked to hydraulic fracturing have been
reported, for example in the United Kingdom. Stediave shown that these phenomena are
due to the unusual combination of tfemtors: the pressure exerted on the rock by water
injection and the presence of a naturally fractuseismically unstable zone. Prior geological
surveys and continuous monitoring of rock behasliming fracturing operations should
prevent this type of incident, by enabling operadito be halted immediately.

“It should be noted, however, that after hundrefithousands of fracturing operations, only
three examples of felt seismicity have been docienenhe likelihood of inducing felt
seismicity by hydraulic fracturing is thus extreynsinall but cannot be ruled out.(Richard
Davis — Induced Seismicity and Hydraulic FracturiagRecovery of Hydrocarbons —
Durham University)

The Royal Society and the Royal Academy of EngingeiShale gas extraction in the UK,
June 2012 noted thatirthquakes of magnitude 3.0, which are more imteinan the larger of
the two quakes caused by Cuadrilla (2.3 magnitade) "Felt by few people at rest or in the
upper floors of buildings; similar to the passinigaotruck."
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3. CONCLUSIONS

Not even the most vocal opponents of “fracking’lweny the benefits of the
additional quantities of natural gas recoveredaibydraulic fracturing: smaller carbon
footprint than any other fossil fuels, reduced ggeatependence, low energy cost, job creation
and industrial development.

However there is a heated debate with regard tprbeess itself. Arguments and
positions on one side or the other should be Btiased on scientific research, concrete data
and facts.

Honest debates are beneficial and help both pabtieptance and operators restrain and
control.

Safe drilling and exploitation activity are possillithout affecting the environment
or the public health. Communities should be edutat®ut the process, so they can clear
balance benefits vs. risks.

Modern technologies and regulations aroused fraptiblic debate. The oil and gas
companies are under increased scrutiny and govertrmagulating bodies should be the
enforcer of rules and regulations compliance.

Excesses or half-truths are toxic on both sides.
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THE EFFECTS OF DIMENSIONS OF COMBUSTION CHAMBER
ON THE HEAT TRANSFER PROCESSIN CFB BOILERS

Wojciech Pospolity Krzysztof Jesionek Adam Wierciak, lliya lliev*

ABSTRACT

Boilers with circulating fluidized bed are technglgvith many adventages, such as low emission of
harmful substances, fuel elasticity and proper ajpan in large load range. To achieve all of thedeantages it
is very importannt to design the combustion chanrb@roper way.

The paper contains short introduction into comloumstprocess in CFB boilers. The most important
parameters were chosen and described by appropdatgions. Paper contains also calculations efikting
bed density by using factors and values which aseibed before. There are figures which show taiioms
between those parameters

1. INTRODUCTION

Nearly 50 years of development in CFB boilers tetbgy has given knowledge about
internal processes. According to this knowledgeagireeers and scientists can accomplish
projects of boilers that fully take advantage ofBC&€ombustion, like lower emission and
equal temperature profile in combustion chambestkine is an important factor due to EU
environmental needs, second eliminates a numbepefational problems.

By analysis of data, it is possible to avoid sal@roblems at the boiler design stage.
Project of combustion chamber has to provide eageect temperature of superheaters pipes
or optimal flow of ash. This increases reliabildy CFB unit by lowering the number of
emergency stoppages. Thus, the cost of boiler tpareould be lower too.

CFB combustion technology in one of the ways to loim coal firing with several
environmental restrictions. It still needs resedmhbe sure, that all the correct solutions from
well-known 100+200 MW units, will be successfultpmsferred into designed ones.

2. BASICSOF COMBUSTION IN CFB
Combustion in Circulating Fluidized Bed boilersaisomplicated process which depends

on many factors. The most important are those, lwhietermine the parameters of the
circulating material flow. Mass flow is made up[dF:

rTL(h) = rrl;(h) + r.r!nert(h) + mfumes(h) ’ (1)
where: 41 is mass flow of fuel [kg/s],

— Minert IS Mass flow of inert material [kg/s],
— MumesiS Mass flow of fumes [kg/s],
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—his chamber height [m].

The mass flow of the circulating material dependsdastance from the bottom of the
chamber. It is connected with a phenomenon of bgrobal and drooping larger grains back
to the bottom. Consequently, the density of theenmt decreases. The density of bed
material is described as [2]:

KRIWY
= , 2
'OS Vfumes ( )

where: KR is circulation rate,
—w=2+51s factor which defines the internal circulationpafrticles in furnace [2],
— ViumesiS @ gas volume per unit of fuel kg].

KR gets values from 40 to 60, lower for ligniteatfire units. It is a relation between
fuel (coal) mass flow and inert material [4]:

KR= Ther 3)
M

According to KR values, fuel is only around 3 %tlué whole material.

Value of bed density is parameter, which directffects heat transfer processes
because of two reasons. Firstly, in contrast tditienal steam boiler, most of the heat is
transferred by convection. It is a consequencewkt temperature in chamber, around 850
°C. There are some experimental relations betweendensity and convection coefficient of
heat transfer. According to [3], this correlatiam high power units is described as:

a.(h) =300p,(h)**, 4
where -ucis convection coefficient of heat transfer [W#/K)].

Due to equation (4), bed density should be chogseassto ensure optimal heat mass to
working fluid into evaporator pipes.

The second important parameter which is influenbgddensity is flow per unit
mass G. It is described as [1]:

n.(h
G(h) = % - lofumes waumes’ (5)

Where: —-pumesis fumes density [kg/f,
—Ais chamber cross section{n
—WrumesiS fumes velocity [m/s],

273(t
fumes 273WV ’

fumes

A=r, [V (6)

where -t is temperature in combustion chamber [°C].
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Changes obrumesis skippable, alsesumess selected as average for whole chamber.

Appropriate analysis oG factor forces provide secondary air on correcylhieof
chamber. It has to ensure accurate coal burn Wdvileemission of NQ,

In equation (6) temperatuteappears. Most of CFB boilers operate at 850 °Caayeer
temperature in the combustion chamber. Thus, theired possibility to insert calcium
sorbent directly into bed greatly reduces emissibsulfur. This temperature is also lower
than the temperature of ash softening. It makestirtgeasurfaces less susceptible
contamination by ash.

3. CALULATIONS

During calculations, some parameters were chasesnow how their influence on the
combustion process. As a base, served values &bim 1.

Table 1: Base parameters.
Fue Lignite
mc [kg/s] 10C
Vfumes[mslkg] 3,7

KR 50
T [°C] 850
\ 3,5

According to equation (6) and chosen velocitiesunfies, the cross section of the chamber
was computed. Velocities should be within the raofyé to 10 m/s [2]. If the velocity in the
chamber is out of range, there is a risk that thation will stop.

Table 2: Combustion chamber cross sections.

Fumes velocity [m/s] 4 5 6 7 8 9 10
Chamber cross section fin | 285,4| 228,3| 190,3| 163,1| 142,7| 126,8| 114,2
T [m] 239 | 21,4 19,5 18,1 16,9 159 151
B [m] 11,9 | 10,7| 9,8 9,0 8,4 8,0 7,6

Values T and B are the lengths of the chamber wB#sveen them, there is a correlation [2]:

(7)

Wl
Il
N

For boilers with a higher power, it is very impartdo ensure adequate penetration inside the
chamber by circulating material mass.

In work [1] quoted exemplary range Gfvalues. For chosen value w§, G should stay
in the range of 5+15 kgi®?). In Figure 1, there is a function which approxiesG as a
function ofh. Chamber height is 42 m.

133



40

30

‘K
him] 20 \
\

10

S S

0 10 20

G [kg/(m*s)]
Figure 1: Flow per unit mass G versus chamber lheigh

Approximate function, including results for all velties, appears as:

G(h) =G, [(R190h 2%, (8)

start

where -Gstart is G from equation (5) for data from table 1 an#g(m?s)].
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Figure 2: G versus chamber height for chosen vedasci

Figure 2 includes results of computing for allogties that were chosen. It seems to be,
that higher velocity (smaller cross section) ineses range of flow per unit mass. As a
consequence, during design of chamber, for higledcities, higher flow of secondary air
should be assured. Ussualy flow of secondary aardaind 40 % of whole air fed to the
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boiler [5]. For highiest velocities it is a goodiwon to divided air into three flows. For all
velocities, there is a devison between two zondsgif and low mass flow of per unit mass.
The division border seems to be on around 5+7ms Thia value, where evaporator walls
shoud apper instead of brick bottom nozzle.

Next important parameter, which takes part duritgmputing was bed density.
Acorrding to [3], bed density changes in range frédnto 7 kg/m. For those values, function

appears as:
h
h) = E}Oﬂj—, 9
P(N) = Pyan 00033 )

where —pstart is p from equation (2) for data from table 1, [kgJm
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Figure 3: Bed densitys versus chamber height for chosen KR values.
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Figure 4: Convection coefficient of heat transfeversus chamber height for chosen KR
values.
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Figures 3 and 4 show results of computing foralde values of KR. In figure 3, there
are little differences between density level focle&R value, but it seems that it is better to
use higher KR values for boilers with higher praility of steam. In both figures, similar to
figure 2, there is very clear border between low high density area. To protect evaporator
pipes from overheating, it is good solution to dasbrick bottom nozzle min. 5 m tall. In
range of 1+5 m is this part of the chamber whereveotion coefficient of heat transfer is the
highest. To takdull advantage of this fact, very often designelace there special heating
surfaces, which are immersed directly into the Bdtbse surfaces are also adapted to adopt
extremely high heat flux, often take role of lasige of superheater.

Figure 4 clearly shows that level still decreases. Conclusion is that in lowart of
the chamber, convection takes more important gaeh tin top of the chamber, where
radiation starts to dominate.

Keepingac on a medium level is also an important issue. Thisne of the reasons
way boilers with a higher productivity have talemmbustion chambers.

4. CONCLUSIONS

To provide an adequate combustion conditions & afnthe most important tasks of the
designers. Only in this way they can fully utilizkk the advantages of fluidized bed boilers. It
is important to use the available data to chooseak& dimensions of the chamber, to ensure
proper distribution of bed density and its tempanet

An important issue is the appropriate design aékbbottom nozzle, on one hand to
prevent overheating of lower part of the evaporaad on the other to be able to use the heat
flux gathered there to ensure appropriate parasiefahe steam flowing to turbine.
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Abstract: In this presented paper a hybrid solar collectdh wwo fluids (water and air) is
investigated. The studied configuration consistg@dtangular fins in the lower air channel that
are arranged perpendicular to the direction offlaiv to enhance the heat transfer rate and
efficiency. The effect of solar irradiation, ambiésmperature, air and water inlet temperatures
on the useful energwnd thermal ficiency were studiedThe indicated results show that the
maximum ¢ficiency obtained by using 10 rectangular fins at mstamt mass flow rate of 0.1 kg/s was

65.8 %

Keywords. hybrid solar collector, rectangular fins, solatevéheater; solar air heater.

1. INTRODUCTION

Among the solar thermal technology, collectors hagen widely used for water or air heating.
There are many studies reporting solar water hgatirsolar air heating efficiency improvement
methods. The solar water heater has been usedmnedlic purposes, and various types of solar
water heater system were studied, such as flae glatlectors [1], concentrating collectors
[2],evacuated tube collectors [3] and integrateltector storage system [4].Also, researches have
been made on the efficiency and water outlet teatpex of solar collectors when integrated in
thermosyphon systems [5]. The solar air heatersusee for applications at low and moderate
temperatures. Several solutions have been propwsemtder to improve the heat transfer
efficiency of air collectors, like the developmerftvarious types of baffles [6], or modifying the
dual- function solar collector by adjusting theembr air gap and changing the shape of the
absorber [7]

In the present work we perform the analysis of brigysolar collector (HSC) for water and air
heating with rectangular fins in the air channel.

1 Corresponding author, emaihtan77@yahoo.com
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2. MATHEMATICAL MODEL OF HSC
2.1 Description of the collector

Detailed description of HSC design and constructitetails are presented in figure 1. The

absorber plate covers the full aperture area otdtiector, absorbs incident solar irradiance and
conducts the heat to water through 10 copper tuldded at the top, and to the air that flows
through the bottom side. To enhance the heat gansfthe air, galvanized fin located below,

inside the 6 cm high air channel, and the amouthieat lost back to the surroundings is reduced
to minimum. The collector tilt from the horizonial3%.

| %

Glass cover\ Absorber plate Water flow

| |

Insulatio

Fig. 1. Configuration of the HSC. (All dimensiomsdm)

2.2.  Theoretic modeling of the HSC

The essential components of the HSC for water arteating are the glass cover, the back plate
and the absorber. The performance of the HSC has tested theoretically in the real operating
conditions of Timisoara, Romania. (45° 44' 57" Al 13' 38" E).

The performance of a hybrid flat-plate solar cdtbedor water and air can be described by the
useful heat gain from the collector, given as [8]:

Our =Fri A, S-U_( A (Tein = Tamw) (1)
where: A is the collector gross area3mSis incident solar flux absorbed by the absorbeeplat
(W/m?), U, , is the overall loss coefficient for fluid (water air) (W/n? K), T,
temperature (K)T,,,, ambient temperature (K) arf, , is collector heat removal factor for fluid
(water or air) [9]:

is inlet fluid

g, m C
Fei = T )
U A temCy
where: ¢, is heat exchange effectiveness of fluid (waterigread C ; is specific heat (J/kg.K).

The heat transfer coefficient between water anduhes is calculated from the Nusselt number:

Kk
h, =— Nu, 3)
d

The heat transfer coefficient in the air channethwiectangular fins is calculated with the
following formula [10]:

k
h, =—Nu_ = 0023Re,"® Pr® (4)
f d a a

The thermal efficiency, which is defined as theoraf the useful energy to the total incident
solar radiation is expressed by the Hottel-WhillBéiss equation [8].
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n (5)

3. RESULTSAND DISCUSSIONS

The daily solar irradiation and ambient air tempge during one day in Timisoara, Romania
(45° 44" 57" N/ 21° 13' 38" E) are presented ig. 2. The maximum solar irradiation and the
maximum ambient temperature were 884 W/amd 31°C, respectively. The daily average
ambient air speed was 0.54 m/s, ranging from @293 m/s.

310 T T 400

| Incident radiatien Lo

~700
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Fig.2. Variation of ambient air temperature andsoadiation intensity on 01/July/ 2010

The mathematical algorithm presented above waseim@hted and solved in MATLAB. The
variation of water outlet, air outlet and plate meamperatures, respectively, are shown in Fig.
3. The maximum water and the air outlet temperagee 48°C and 34°C, respectively, results
obtained for the water inlet temperature fixed @®@.

320

il

Temperature (K}

Ambienti__?,-- v

L
[ g 10 12 it 16 18
Local time (h)

Fig.3. Variation of water outlet, air outlet andif@d mean temperature

Figure. 4a shows the useful heat gain for watdraanduring the day as they were obtained from
the computations. The average value of the usefal gain for water is 534 W varying from 24

to 924 W, and the average value of the useful bamt for air is 124 W, varying from 37.8 to
173.4 W.
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The instantaneous efficiency of the HSC follows #agne trend as the useful heat flux. It
increases until noon time and then decreases amshoFig. 4b. The maximum efficiency value
equals 65.8 % and occurs at 02:33.
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4. CONCLUSION

The performance of a hybrid solar collector witlctamgular fins has been simulated with a
variable value of solar radiation and air inlet parature, maintaining the water inlet temperature
constant. The efficiency of the HSC with rectangdilas varied between 10 to 65.8 %, with air

outlet temperature from about 307 to 319 K.
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ABSTRACT

Cogeneration systems highlight a certain way toease the efficiency of internal combustion engings for
energetic purposes and therefore consist in a bEusource to supply isolated objectives, such aspitals,
hotels or small residential places with electriergly and hot water when no connection to standdlities

networks is available. The main goal of the analymedel is to evaluate the fuel consumption forudding

that requires electric energy and hot water as. Wallis, based on the operation of an internal catidouengine
and heat exchangers a calculation model has bepoged, in which certain operating parameters d#pgron
specific delivery situations have been defined. Deow presented model allows the calculation ef finel

consumption for every operating regime.

1. INTRODUCTION

Cogeneration refers to the production of electmergy in parallel with waste heat
recovery (WHR) to be further used for central hegatr hot water preparation. Some results
show the fact that engine efficiency in terms adlfoombustion could increase from 30% to
80% in certain cases when using co-generationmsgsig][2]. In this work, authors propose a
schematic formed by an engine and three heat egelnsto take the recovered heat from the
engine exhaust gases, cooling water and oil [1].

Other exergetic and thermo-economical analysis aigeneration system equipped with
a diesel engine are also presented [3][4]. Thiersefo a general exergetic modeling of a
system deserving an electric plant of 25 MW. Besidhe specific thermodynamic
calculations, a balance of the entire system degtther presented.

The present work is trying to highlight a real pbdgy to assemble and to use a heat
recovery system for a given situation. The desifjthe compounding elements is inspired
from other technical data [5].

2. THE SCHEMATIC OF THE INSTALLATION

The model consists in a diesel gas engine conndotesh electric generator and to a
water circuit designed to deliver hot water to theer. This circuit first passes through a
water-water heat exchanger which extracts the fneat the engine cooling water and then
passes through a gas-water heat exchanger supjootdae the heat from the engine exhaust
gases. Finally, the water circuit contains a gakeboeeded to set the hot water parameters
requested by the user.

In the following figure (fig.1), circles mark theoimts in which agents’ temperatures are
measured (U for the user water flow, W for the aagtooling water and G for the engine
exhaust gases). Each heat exchanger features etdasystem in order to modify the flow
rates of the agents depending on the heat flovs edpistments, related to the engine as to the

1313 Splaiul Independentei, sect.6, 060042, Buchards 0040-21-4029451, e-mail: bobitaradu@yabom
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user. These adjustments are necessary for eachokirgberating regime. For the water
cooling system a radiator equipped with a ventil&ameeded to cover the situation for which
the heat offered by the cooling water overpassiuessary heat to be further transferred.

The other elements have been designed to take theémmm amount of disposable
thermal energy from the engine when operating atrmim load. In case of engine operating
at part-loads the transferred heat has to be eeaslusonsequently to the agents streaming
conditions and to the corresponding engine opeyagmperatures.

U10
Heat @ ‘ .—’E @ "l User output
b :|
e | CE

TTzer input

Figure 1: The schematic of the installation

3. MODELING OBTAINED RESULTS

It is considered that the engine can run at angdpeorresponding to the optimal regime
consumption because the system is equipped witklegtronic device that modifies the
frequency at high efficiency. It is also presumieat the engine minimum output power is 20
kW, expressing the minimum necessary continuousepofhe maximum water flow rate is
0.85 kg/h (approx. 3.06 i), to be delivered at 9. The system behavior has been
analyzed for several operating conditions, chareeeté by the necessary electric produced
power and the hot water flow rate.

For a first scenario, considered to reach an ufppeational limit, electric power is at its
minimum, 20 kW while the water flow gets its maximalue. In these conditions, the water
temperatures are varying upon the next graphisugethe engine speed (see fig.2).

It is pointed out that the temperature in the yaidet increases from 3C to 40C with the
increase of the engine speed. The gas consumpimaims quasi-constant and the global
efficiency varies in-between 55% and 62%.

For a second scenario, the produced electric p&aeps its same minimum value, but
the hot water flow decreases to 0.2 kg/h. The spording temperature measurements vs.
the engine speed are plotted in fig.3. It alsorbfemppears that for some values of the engine

142



speed it becomes not anymore necessary the uskeofvater boiler, so any other gas
consumption for the boiler is no more needed. Tdtanmal gas consumption for the engine and
the boiler varies with the engine speed (at bagid) as shown in fig.4.
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Figure 2: Water temperatures vs. enginedsfmeScenario 1
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Figure 3: Water temperatures vs. enginedsfmeScenario 2

The operating domain of the system covers the réegggeen maximum electric power
with zero hot water flow and minimum electric poweith maximum hot water flow; there
are also extreme cases in which the electric pasvenaximal and the hot water flow rate
varies in-between its limits. In order to get ominengine efficiencies it is necessary to
choose certain water and gas flow rates passingighrthe heat exchangers. These flow rate
values could be consequently calculated.
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Figure 4: Natural gas consumption vs. engine speed

4. CONCLUSIONS

This paper is proposing the modeling of a wastd he@overy system, transferring the
heat of a diesel engine exhaust gases and cooltgrwo a building water heating system in
parallel with the electric energy generation.

The diesel gas engine could furnish energy to thetc generator at any revolution
speed, fact which allows the optimization of theyiem fuel consumption at any operating
regime.

This model could be successfully applied to anyeptkimilar energetic system
configuration.
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ABSTRACT

This paper presents a new type of turboengine having vghydas temperature in front of turbine. It is
known that the maximum gas temperat