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FLUE GASES RECUPERATOR USING AN EJECTOR

Eng. Dan Andreesct— TURBOEXPERT SRL Bucharest
Eng .Elisabeta Cerchez — ICPET TURBO SA Bucharest

ABSTRACT

Scope of paper is to develop a specific flue gases recovery system which preheats the combuation
by mixing fresh air with flue gases. This procedigesuitable when the initial combustion process laige
excess air, more than 2.0. The mixture of the flases and fresh air, (half and half by weight)| ddluble the
quantity of flue gases flow but with half of thetial stack temperature. That allows to split theenfin two, half
will be exhausted at stack and half will be usead@mbustion air having enough oxygen for combustitie
result will be the same flue gases quantity evazliéd atmosphere but with half of initial temperatun the
same time the fresh air used for combustion wilveha higher temperature instead the ambient initial
temperature, thus using less energy.

1. SCOPE OF WORK

Heat recovery from exhaust flue gases with a teaipeg higher than 150°C is very
economical, taking into account actual fuel pricése recovery processes, as well as the
required equipments differ based on applicatioa,ftlel used and the sulphur content of the
fuel.

SC TURBOEXPERT srl designed systems of heat regoVverat recovery equipments,
which not only recover heat, but are solving spegiroblems that are found in existing
plants. The advantages are:

» ,competitive price”, rapid installation, maximunahility;
» Small footprint for the equipment;
» Minimum maintenance; the installations do not regjpiersonnel for operation.

On our company site [3] all these advantages ata@leé. In previous papers, [1], the
recuperator with <Pseudo heat pipes> was describeslapplication was operating at the
desired parameters. These types of recuperatorargact surface heat exchangers, but are
not covering the whole spectrum of heat recoveher@ are cases when the composition of
the flue gases permits the use of a mixing typeecfiperator. This kind of heat recovery was
installed in a (....) in fall of 2012.

2. TECHNICAL AND SCIENTIFIC CONSIDERATIONS

In numerous industrial processes the flue gases bay parameters that permit that
some of the gases (about half) to be rerouted awbustion air, after mixing with the same
guantity with the ambient air.

In the analysis of the heat recovery solution usimging, the flue gases will be called
primary gases, and the gases resulting after tkenghwith the ambient air will be called
secondary gases.

2.1. The thermodynamic mixing process.
By mixing the primary flue gases with ambient asare quantity as in the initial

combustion process), the flue gases quantity vélldbuble. The excess air in the primary
gases will diminish by a unit, than in the casehaitt mixing.

1 ) ’
turboexpertromania@rdslink.ro



If the initial excess air (without recovery)jig=2,0, there is a possibility of heat recovery
through mixing of fresh ambient air (same quanéisyin the process without mixing) with
primary flue gases by splitting secondary flue ga@% ( gravimetric) for combustion and
50% to be exhausted at the stack.

During this process the temperature of the secgngases will be half of the primary,
and the combustion air will become preheated tostimee temperature. This will produce
saving in fuel consumption corresponding with thedgent of preheat.

Note: The mixing of flue gases with the fresh air ince=athe combustion products and
decreases the oxygen component. The process isseyped mathematically as a harmonic
geometric series with the limit:

A=g-1 (1)relationship of recovery through mixing,
the lower limit islo>2, O,

An accurate stoechiometric calculation of the costibn process in the existing
configuration will deviate from the above formukayt the approximation is in the acceptable
limits for the design of the heat recovery system.

Schematic representation of the solution is showig. 1

The mixing process and the rerouting of the flugegan the recovery solution presented
will increase the pressure losses. Although effaege made to minimize the pressure losses
an additional fan was required. The mixing procbssnveen the primary gases and the
ambient air is more complicated to be implementean existing installation.

gl |
| Al ~t2[°C]
|l A | ., ]
= ll | COMBUSTION AR I
I | I | | |
3] 3] |
|
1
AR 20 [°C] t[ec] ’ trcl EJECTION ~42 [°C] ’
P FURNACE —————p FURNACE F—————P STRRNG F——=Pp
FLUE GASES FLUE GASES SYSTEM FLUE GASES
A
|
|
/N AR20p¢ |
a) b)

Fig.1 Recovery by mixing: a) initial; b) by mixigvith an ejector)
2.2. Description of technical solution

The simplified thermal considerations outlined adare not sufficient for using the
mixing heat recovery; the existing installation talow for this recovery.

The main thermal problems are:

a) Lowering of oxygen used in the burner as primary ai

The combustion air (the secondary flue gases) lagheer temperature than the ambient
temperature. The existing system must accommodate ibcrease in temperature. By
increasing the temperature of combustion air, f& $ame volumetric flow the mass flow
decreases and proportionally the oxygen contentedses. Also due to mixing the oxygen
content is lower that the initial conditions. Tharmers will operate with an oxygen quantity
reduced to about half, so the combustion air mashtsoduced around the flame; the existing
geometrical configuration must allow this modificat

b) The influence of increase temperature of combustir on the burners;



Sometimes combustion air with significant highenperature is incompatible for some type
of burners, such as burners with embedded vewiilaystems which contain bearings

¢) The available space for installing the mixinguetber with a minimal pressure loss.

The mixing of the flue gases (primary gases) with ambient air is done by injecting
one into another, but without a properly designetbdynamic solution the lengths of the
mixing duct will be at least 15+20 times its traessal dimensions. Because the flows are in
the order of tens or even thousands dfhmthe large cross sections will require extensive
duct lengths; that may present a problem for trelabie space. If the mixing is done in a
smaller volume the pressure losses become prolabifThe separation/splitting of the
secondary gases to combustion area and to the atexkequire additional space and induce
more pressure losses.

3.APPLICATION. RESULTS

Applying the above considerations TURBOEXPERT $8blHas done a pilot installation
of heat recovery using mixing with an ejector. Teject beneficiary was in food processing
industry, the project was used for a vegetabletimasoven as shown schematically in
Fig.1b). Due to the seasonal character of the llasta, the 4+5 roasting ovens work non
stop a number of months of the year, using a higantity of natural gas. The fuel
contribution to the product cost is very high.

During the initial measurements it was found thnet thermal efficiency of the process
was around 7+10%; this was a strong incentive ifatifig a recovery solution. The roasting
oven shown in Fig. 2 is located in a very restrdiloeation in all directions.

The excess air was high=3,5 so the method of heat recovery by mixing veasible.

Fig 2. Roasting oven without recovery

Initial data:
> Fuel flow CH;: 42Nnt/h;
» Flue gases temperature <primary>: 620+640°C;
» Efficiency: 7+10%.

The mixing chamber design used a special systemanmitejector; the primary fluid was
ambient air and the induced one the flue gasesn<pyr.

The air is delivered by an additional fan (it usesmall amount of the recovered power
2+3%).

In Fig. 3 shows the project and Fig. 4 shows aupécof the heat recovery installation.
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Fig. 3. Heat recovery system Fig. 4. A picture bé theat recovery
solution with the ejector

The operation of the system is as follows: thebagught in by the additional fan is
delivered to the mixing chamber. The mixing chamizeon the top of the oven, in the
location where the flue gases were delivered testhek by natural draft.

In the mixing chamber, the primary flue gases aveethwith the combustion air by the
ejector which mixes the jets coaxially. There nalfflwompression in the diffuser after the
ejector ensure the proper mixing as well as thesase in pressure in required for the flow.
After the diffuser half of the secondary gases exieausted to the stack and the remaining
half in returned to the combustion area, some @dbtlrners and some under the transporting
grate.

In order to transport the gases to the lower trarsp grate four descending ducts were
installed, these also enclose the lower side oftridwesporter. Controlling dampers ensure a
better control of air and gases.

The following results were obtained:

» Fuel consumption reduction by 30+35%;

» Secondary gases temperature at the stack 310+338BGut half of the initial

temperature).

» Correct full combustion; visually the flame did rabtange the colour.

» The ejector operated as designed, producing thieedefuid circulation (a bit
over designed).
The pressure loss due to the additional fan usest&f from the recovered
power.

A\

4. Bibliography

[1] Andreescu, D., Cerchez, E., Schema termicarpentcuperarea gazelor arse la cazanele
industriale, UPB, TERERD 2012

[2] Sokolov,E,la. Struinae apparata, GEI, LeningrE260

[3] www.turboexpert.ro



FUNCTIONAL AND CONSTRUCTIVE PARTICULARS OF STEAM
TURBINES FROM BIOMASS POWER PLANTS

Viorel Berbecé, Gheorghe kziroiu, Gabriel-Paul Negreanu, Lucian Mihaescu,
Universitatea “Politehnica” din Bucuté

ABSTRACT

On energy valorizing by burning renewable fuedéative small thermal powers are achieved,
so that the electrical power of such a plant wdlliited to 2 MW, for agricultural waste and to 5
MW for wood waste. Manufacturing low power steambines involves solving a multitude of
functional and constructive problems. The presapep analyzes solutions for steam turbines having
no more than 2 MW of electrical power.
Keywords: biomass, steam turbine

Notations: Indexes:

m - mass flow rate [kg/s] 1 — exit from nozzles
¢ - admission degree [-] 2 — exit from blades
¢ — absolute velocity of steam [m/s] a—nozzle

u — peripheral velocity [m/s] p - blade

d — mean diameter [m] ef — effective

| — height/length of nozzles/blades [m]
v — specific volume [ritkg]

1 — mass flow coefficient [-]

7 — section area factor [-]

o — nozzle exit angle [rad]

n — turbine speed [rpm]

1. INTRODUCTION

The steam turbines used in power plants that buwmdss from agricultural sources
have some characteristics imposed to them by twgHermal potential of these sources. The
main features of such turbines could be evaludted @ comprehensive study of the solutions
available for this domain and of the parameterthefsteam generators that have biomass as
fuel.

Most of the functional and constructive featuréshe steam turbines derive from the
enthalpy drop available from the live steam cowndii and from the exit parameters, which in
turn, depend on the cooling agent for the condemiséom the heat demand of the consumer
in the case of back-pressure turbines and on tleete power at the coupling with the
electrical generator, which is the product of elphadrop, mass flow rate and effective
efficiency of the expansion process in the steaimire.

2. FUNCTIONAL PARAMETERSOF THE STEAM TURBINES

The most important parameter is the specific vauwhthe live steam, which depends on
the two nominal parameters: pressure and temperatur

1313 Splaiul Independentei st., 060042 Bucharesmaia; tel: +4.021.4029.158; e-mail:
vberbece@caz.mecen.puhy.ro
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The specific volume of the live steam or evendyetif the steam that leaves the first
stage nozzles, coupled with the minimal heighthef flow path, which is technologically
feasible (usually 10 mm), impose the rotationalespef the turbine. That parameter can be
determined from the flow rate equation:

my vy =7ldy g [elcy [y [T, (1)

coupled with the optimal velocities ratio:

[ij i o) @
C1 opt 2 [(1 -p )

where: ky is the velocity ratio factor ( usuallit = 0.9), while peripheral velocity is given
by

_.n
u= 7T[-|6—O d [m/s]. 3)

The rotational speed of the steam turbine candberahined by the admissible value for
the tension at the root of the last stage blades tducentrifugal forces, since they are
proportional with the square of the speed:

o;=K;-w?-m-1,-d [Pa] (4)

where K; - is a form/shape factor that takes into accotn@ variation in area of the section
of the blade profile from root to tip. Noting theea of the exit section of the steam path by:

S,=m-l,-d [n"] (5)
we get
ch — Kf . wz 55 o CL?E . ?‘::.-LI:‘

(6)

where V. is the specific volume of the steam at the exitrfrthe last stage arg, is the exit
axial velocity.
The enthalpy drop for a stage having a degreeaudtion o is [3]

d-m

Hy =k, (1-p) (o _5)° [kd] (7)

ky@cosio,)

wherek, is a numerical coefficient that takes into acdotme energy recovery from the
upstream stage and the units transformation, while the velocity reduction factor in the
nozzles.

From studying the above equations, which are abkglfor the axial flow steam turbines,
the main influencing functional factors upon thestouctive solutions for the steam turbines
can be easily observed:

- the degree of reaction is directly influencing thenber of stages and the constructive

solution (diaphragms and discs versus drum typs ot
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- the rotational speed influences the number of stagwl the tension values due to
centrifugal forces;
- the mean diameter and the length of the bladestgezenain dimensions of the turbine
stages and the values of the tension at the rabiedbngest blades.
For other type of steam turbines used for enerdgrization of biomass similar
relations can be written, with the same influenmeshe constructive solutions to be chosen
from.

3. CONSTRUCTIVE SOLUTIONS OF STEAM TURBINES FOR ENERGY
FROM BIOMASS

The constructive solutions are greatly influencegistated before, by the magnitude of
the thermal resource to be valorized, which is wgjibg the following main parameters:
- the power of the driven electrical generator amdrtfagnitude and the load type of the
thermal power in the case of cogeneration;
- the parameters of live steam from the boiler (pressstemperature and mass flow
rate);
- the parameters of the steam at the exit from #ensigenerator;
- the rotational speed,;
- the functional type derived from the degree of tieadimpulse type or reaction type).
For the smallest units having up to 200 kW, mieandsines solutions are available:

Table 1. Single stage steam micro-turbines

Nominal  Power| Live steam Exit Constructive solution Observations
[kW]/speed [rpm] | parameters parameters

[bar]/[°C] [bar]/[°C]
50..250/3000 4..12/140..250  2/sat. Patented “bgStl [5] steam consumption

solution; tangential 1.5..4]t/n]
inlet centripetal flow

15/26000 10..12/200..220 0.1/sat Radial flow [&pst consumption
rate
0.04[kg/s]/9.8[kg/kWh]

275/n.a. 13.8/n.a. 0.138/sat Radial flow steam

consumption/heat ratp
0.5[kg/s]/3.9[MJI/kWh]

For the larger power range, from 2 to 5 MW thecfional and constructive solutions are
those derived from the industrial steam turbinesesexamples are shown below:

Table 2. Multiple stage steam turbines
Nominal Power| Live steam | Exit Constructive solution Observations

[kW]/speed [rpm] | parameters | parameters
[bar]/[°C] [bar]/[°C]

3000/ 11543 /| 21/275 0.23/sat. Axial flow reaction drum steam consumption/ rate
1500 type with Rateau first stage6.41[kg/s]/n.a.[4]
4.8/3000 42/425 0.8/sat Axial flow impulse tygesteam consumption;
diaphragm and discs efficiency elec./cogen.
8.33[kg/s];18.1%/93%
1000/10500/1500 35/435 0.1/sat Axial flow reactidrum | steam consumption/heat

type with Rateau first stageproduction
and controlled extraction | 2.78[kg/s]/4[MWi]

From the examples mentioned above the last istilitive for the use of industrial type
steam turbine for biomass valorization. In compariso other type of turbines which have
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smaller number of stages, as in the case of impiyise turbines, (or just one velocity

compounded stage, for Curtis type turbines), whiate lower thermodynamic efficiency, the
turbine presented in figure 1 provides maximunmcedficy, that is practically achievable, thus
allowing faster investment return and better wtiiian of the biomass resources, in this
particular case forest chips [2].

Figure 1. Reaction type steam turbine for biomass

For the intermediate power range 500 kW to 1000 the functional and constructive
solutions are mixed, combining elements from tlghtspeed single constructions with lower
speed multistage, “classical” design steam turbines

4. CONCLUSIONS

The functional and constructive solutions of theam turbines for biomass valorization
are chosen according to the specific parametesadi case, in order to get optimal values for
the technological and the economic performancelepower plants. For a better use of the
biomass potential the cogeneration power plantswadely spread and in some instances
encouraged by state founded incentives, such dgitben certificates”.

In the case of small power range novel types adltiens for the steam turbines are
proposed, some of which have very promising efficievalues.

In the mid range cases other thermal energyisakitould be used, such as the Organic
Rankine Cycle (ORC) turbine installations, whichmehate the main disadvantage of the
water based cycles, the lower density values.

And last but not least, the economic analysisthaspredominant role in the decision
making process of choosing the right type of tuehimstallation and getting the funding from
the potential investors, which are of differentledaat in the case of large fossil fuel power
stations.
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GRAPH-ANALYTICAL METHOD FOR ESTIMATION OF FLOWS’
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ABSTRACT

The purpose of the work is to create a simplifigsical model of a closed local gas system at
low pressure (up to 500 mbar) for supply of conseely connected single consumers or group
consumers. Graph-analytical method for estimatiendistribution of flows in ring and linear system
for transport of technical fluids has been devetbpe

1. INTRODUCTION

In the transport process of isothermal incomprésdihids (water, liquefied petroleum
gases, lubricants, diesel, oil, etc.) correctiorthie density of the fluid does not have to be
done. In gaseous products (gas, acetylene, oxyggempressed air, etc.) where are substantial
pressure drops there should be introduced a cmmedbr both the density and the
compressibility factor.

The use of ring (closed) gas transport systemetsrohined by a variety of reasons - to
ensure uniform and with a lower risk gas supplycpss, ensure quantity of fluid in duplicate
gas distribution points with low let in ability, @riding gas supply to customers in conditions
of future infrastructure reconstructions, and o &, 3, 4].

The tasks that need to solve the developed graplytaral method are:

» evaluation of the permeability capacity of the meontour and the deviations for the
individual consumers in nominal work conditions;

» evaluation of the permeability capacity of the meontour and the deviations for the
individual consumers in work conditions differehtith nominal (failures, introducing of new
consumers, etc.);

» evaluation of the pressure drop in any contouti@@én nominal and different than
nominal work conditions.

2. METHODOLOGY

In Figure 1 is shown a principal scheme of a gagplsuring system with one or more
external gas sources (the second source is indibgta dotted line) [1].

The input factors which are necessary for carrgingthe specific calculations are:

- estimated consummated quantity of natural gasatinal (or non-nominal) operation
conditions for each of contour consumers mM*/h;

- geometric and hydrodynamic characteristics of gas pipe sections (lengths,m;

specify diametersd ,m; type of local resistance§;; specify coefficients of frictionA,;
average density of the natural gagg/m?);

! Department of Thermotechnics, Hydraulics and Ecglatniversity of Ruse, “Studentska” St., 7017 RusagBria,
+359 82 888 304zkolev@uni-ruse.bg




- nominal working pressure of the circular gas s@ort system p, mbar;
- minimum working pressure at the point of supjplyeach consumer, pin, mbar.

Figure 1: Principal scheme of the gas supply syste

2.1. ANALYTICAL METHOD FOR IDENTIFICATION OF THE NEUTRAL" POINT
IN THE CIRCULAR CONTOUR

Evaluation of the permeability capacity the main contour in nominal or non-nominal
operation conditions has been done by specifyieddbation of the "neutral" point "N" and
the balance sheet of the material flows. The "éUpoint in the main circular contour is the
point where the gas enters from the two branchéiseofontour (left and right). Therefore, the
sum of pressure drops in the left branch is equdahé sum of pressure drops in the right
branch [1].

The points of the circular contour, leading to iwdual consumers or groups of
consumers have been identified by letters, respaygti A, B, C, D and the point of the
incoming gas flow in the circuit (the natural gasiixe) - with the "O". The gas consumers
have been marked with numbers (from 1 to 9).

Drawing equation for pressure drops equality ie tontours "left" and "right" to the
“neutral” point "N", it has been reported that thely unknown parameter is the gas flow
"Qx", entering the point "N", for example from thetlef

The pressure drops in the pipeline contour havenbgetermined by the classical
equation [2, 3, 4]:

Ap; =k, 'Qij2 Pa (1)
where:k, is the characteristic of the pipe section i-j, Raft/h)*;
Q,— transported quantity of natural gas in the pgtien i-j, Nn/h.

The characteristic of the pipe section i-j has baetermined by the equation:

_[ Ny 8p Pa 5
i { d; +Z€“J'n2.dij4’ (Nm?/h)? @

For specify the "neutral” point location in thectilar contour the balance equation (3)
has been used [1]:
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ZKKZQ +QXJZ}=§I<U KZQ +Q, —Qxﬂ, 3)

where: Q, is the current quantity of gas flowing from lefff) (or right (R) in the direction of

the "neutral” point "N", Nrh;

Qu - hominal quantity of natural gas in the "neutgadint "N", Nnv/h.

The identification process is iterative, so itdgical the "neutral” point to be searched in
the center of mass load as the first approachhdfet is improper selection (incorrect
identification), the roots of the algebraic equataescribing the pressure drops on opposite
points will be imaginary.

The analytical solution of equation (3) may leadhte following results:

» Receive at least one real root - it is assumektoeliable and based on it the final
distribution of natural gas within the contour ssamed as follows:

- from the left contour brunchQ, =Q,, Nm?/h;

- from the right contour brunctQ, =Q, -Q,, Nm?/h.

» Lack of real root - the procedure requires re-idieation of the "neutral” point "N". It
is advisable to make the choice of the next pdomigithe contour (left L or right R) with less
gas flow.

The next step is re-solving the equation (3), tetéind a real root for Q

After determination the exact distribution of theid to the consumers connected to the
circular contour the next step is procedure of npyeeise determination of the fuel pressure
drops. It can be assumed that the characteristidheopipe sectiongk; are parameters,

constant at a value and slightly dependent on presops and the nature of the flow.

Comparing the received pressurgip the gas supply point of the specified consumer
with the minimum operating pressurg s may result in an adjustment in the adopted
diameter d.

In the example of a circular scheme shown in Fidutkere is one source of natural gas
(shown by a solid line), and it has been determthatithe "neutral” point is point C. If there
is a change of the operation conditions (includee# sources of natural gas, changes in the
quantity of gas from the sources, include of newscmners, changing the quantity of gas
consumed by any of the consumers, exclude of coagyrailures, etc.) there could be a
change of the "neutral” point location.

2.2. GRAPH-ANALYTICAL METHOD FOR DETERMINATION OF RESSURE
DROPS IN GROUP OF CONSUMERS FROM CONTOUR SECTION ANTHE
PRESSURE OF SPECIFIED CONSUMER

When there is a group of consumers connecteagpgas supply contour it is essential to
determine the distribution of pressure drops in ¢batour section. This is necessary for
determination of the supply pressurefpr each consumer, as it was described above (it i
necessary > pnmin). For this purpose graph-analytical method has bdsveloped. The
method has been applied for the group of consuswgplied from point D (5, 6, 7, 8 and 9)
and in particular, for determination of the suppitgssure of consumer 7 (Figure 1).

Figure 2 shows the graphical model of the methmulied to determination the pressure
in point 7.

The method has been presented in ,[&p) - Q]” diagram. Originally from point D (the
point from which the contour section has been sagplthe graphically dependencey!k =
f(Q, Ap)” has been built. When detecting.i& with the maximum flow of natural gas in the
contour section (= Q.= @& + Q& + Q; + @ + Q) the pressure droppp.p. has been
determined graphically. The next step is to buildaphically the dependence
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“kKprp. = f(Q, Ap)” in the same Ap - Q" diagram from starting pointiDTo better visualize
the summation of pressure drops, each next diagkamf(Q, Ap)" has been built over the
previous one, considering the change of gas flomth(e case considering the deflected flow
Qs to consumer 5).
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Figure 2: Graph-analytical method - determination
of the supply pressure of consumer 7
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When detecting d.p.with the flow Q.= Qs + Q; + Q& + Q the pressure drafpp..0. has
been determinedimilarly the pressure droppp..p. has been determined graphically. The
next step is determination of the pressure drogheline “D; — 7”. For this purpose the
graphically dependence pk; = f(Q, Ap)” has been built from the starting point lyingoab
the starting point for the diagrampie. = f(Q, Ap)”. When detecting dk.; with the flow Q
the pressure droppp.7 has been determined. The sum of the obtainedyeesisops gives
the total pressure drofpp.7 in the line ,.D — Q — D, — D; — 7”. On ordinate ,(-p)” of ,[(-p,
Ap) - Q]” diagram the predefined minimum working gsare pmin has been noted according
to the requirements of consumer 7. The next stefeiermination of pressures in: point D
(po), point Dy (pp.), point D» (pPo.), point D; (pps) and the working pressure in point 7 o
- App-7). It is seen that in the case shown in Figurersamer 7 can work because>pp,min-
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Figure 3: Graph-analytical method — varying of warking pressure of consumer 7
when there is a change of the gas flow to cons@mer
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If there is a change of the working parameterthefsystem it is possible to change the
supply pressure of any of the gas consumers.

In figure 3 is shown how by using of the develomgdph-analytical model it can be
visualized the reduction of working pressure ofstaner 7 as a result of only the increased
consumption of gas by consumer 8. The blue colowshthe parameters in the initial moment
(refer to Figure 2) and the red - the parametdes aicreased gas consumptiop @ is seen
that the increasing of LJeads to increasing of the whole gas flow whicpmy point D
Qo= Q=+ XE+ Q+ Q+ Q). As a result bigger pressure drapp.p. has been
reportedThe starting point of diagram pkp.= f(Q, Ap)” moves upwards. Since the gas flow
Qp: is bigger as a result of the increasing gfbi@ger pressure drafpp..0. has been reported.
Similarly the pressure drofp..n; has been increased. Because the consumed qudrdi o
from consumer 7 does not change, it remains conatahthe pressure drépp..; in the line
,D3—7". As a result of increasing &fp.p;, APp..p. andApp..p: the total pressure drafpp.7
have been increased. The latter leads to a reduofidhe working pressure;pand as is
shown in the example illustrated in Figure 3, tmespure becomes less than the minimum
working pressure for consumer 7 and the consunrencawork.

3. CONCLUSION

The developed analytical method for identificatiohthe "neutral” point in the ring
circular contour enables the dynamic redistributdthe gas flows. If in the system there are
more than one sources of natural gas (the sourass supply gas with the same pressure) to
determine the locations of the "neutral” points sitkeme needs to be broken the required
number of contours. The determination of the exatiie of the static pressureip any point
of the circular contour allows display modes of eoeptably high pressure drops.

The developed graph-analytical method for group cohsumers allows through
appropriate software continuously monitoring of rgpieg parameters and their influence on
the final supply pressure for each consumer ofrahgias. It is also possible that the method
can be used in the design of the gas supply sysfEimesconvenience of the proposed model
consists of evaluating the visibility and simpldietructure of utilities (software, graphics)
and the ability to "clarify” the nature of the casvof hydraulic pressure drops as a function of
flow rate.

References

[1] Bobilov, V., D. Radev, Z. Kolev, P. Zlatev, @Genchev, P. Mushako&pecifications for consumers’ gas
supply at ring circuit contour Scientific Conference of University of Ruse, vokl 50, series 1.2, Ruse,
Bulgaria, 2012, p.78-82. (in Bulgarian)

[2] zhila, V., S. KalchevskiGas supply and effective use of natural.daasfia, Bulgaria, 2013. ISBN 978-619-
160-122-6. (in Bulgarian)

[3] Komina, G., P., A. O. ProshutskHydraulic calculation and design of gas pipelinasmanual of discipline
"Gas supply" for students from the speciality 2710Gas supply and Ventilatio2010. ISBN 978-5-9227-
0179-2. (in Russian)

[4] Nikolov, G. Distribution and use of natural gasSofia, Bulgaria, 2007. ISBN 978-954-92023-1-I (i
Bulgarian)

14



USE OF SATELLITE DATA TO COMPUTE AVAILABLE SOLAR
RADIATION IN REMOTE AND RURAL AREA

Mihai-Cristi Ceacartf’), Alexandru Dumitres@? , Viorel Badescii”
Polytechnic University of Bucharest, Bucharest, Roi,°National Meteorological
Administration (University of Bucharest), Romarfidplytechnic University of Bucharest,
Bucharest, Romania

ABSTRACT
This paper presents a method of calculating theajleolar irradiance using satellite resources. Jdtellite
database was taken from Meteosat, a geostatioadellite In the first stage, a reference map omBRaian
surface for cloudiness index from satellite datdaducted from sequential satellite images of timehe next
stage is calculated the global solar irradiancenftibe satellite in different days for three villageom Romania:
Almaj (Dolj county), Baciu (Cluj County), Limanu @@stanta county), considering the cloudinees index
obtained from satellite and the global solar iraadie for clear sky days.

1. INTRODUCTION

Several papers refer to the calculation of soldrateon. One of the first papers that use
satellite data to calculate solar radiation is [1h this paper , a statistical method is presgnte
for the determination of the global solar radiateinground level. It makes use of data from
the meteorological satellites, which provide extemsoverage as well as adequate ground
resolution. In the first step, a reference map ugd albedo is deduced from the time-
sequence of satellite images. Then, by compariagé#tellite data with the computed albedo
map, a cloud coverage index is determined for gactind pixel of 5 km x 5 km. This index
is linearly correlated to the atmospheric transiaisgactor. The regression parameters are
estimated using a training set provided by grouyrdipometers. Tests for two different time
periods show a good agreement between the actuhl nawdel-derived hourly global
radiation. Another work which also used satellgsaurces is [2]. In this reference, images
taken by geostationary satellites may be used tina&® solar irradiance at the earth’s
surface. The Heliosat method is a widely appliedcedure. It is based on the empirical
correlation between a satellite derived cloud in@exi the irradiance at the ground. The
modified method may open the way to use a genelation between cloud index and global
irradiance. Two other works that relate to the @giaiton of solar radiation are [3] and [4].The
present work aims to calculate the solar radiatiotinree different rural areas of Romania by
using satellite data.

2. SATELLITE DATABASE

Satellite data was obtained from site [5] belongiogEUMETSAT. EUMETSAT is an
intergovernmental organization formed by the metlegical services of countries in the
European Union, with additional countries such aswdy, Turkey and Switzerland. After
accessing the site, the next step is to registesas. After registration, one has access to the
following data type : daily and monthly. To havecess to the instantaneous satellite data
used in this paper, a special request is needeithwik to be addressed to the site
administrator. After request’s approval, instantarge satellite data can be downloaded.
Three methods are available for satellite datandmading: by email, by CD and by using a
ftp site. Satellite data download procedure usedhis work is by using a ftp site. This
procedure is recommended for two main reasonsth@) ordered satellite data can be
downloaded to any computer with internet accesgingavalid discharge for two weeks and
(i) the access to satellite data is very fast. Hed¢ected satellite data model is: ‘CFC-
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Fractional Cloud Cover'. In this paper satellitéadeere downloaded for the period between
01 October 2009 and 31 December 2009.

3. MAPS OF CLOUDINEESINDEX ON THE SURFACE OF ROMANIA

After downloading satellite data, they are procdssging a script written in R language
[6]. The output of this script is the cloudineeder nl, expressed in percentages.Using the R
language, satellite images are extracted frons#tellite data. They allow to see the spread
of the cloudinees index on Romanian surface.Sangfldsese satellite images can be seen in
Fig. 1, wich represents the spread of cloudinedsexmon the surface of Romania, on 03
August 2009 between 9.00 and 16.00 UTC. This ikaraays in the Southern parts of the
country.
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Fig.1. Hourly maps of cloudinees index on the surfacRafania during 03 August 2009
between 9.00 and 16.00 UTC : a,b,c,d,e,f,g,g repteorrespond to 9.00, 10.00, 11.00,
12.00, 13.00, 14.00, 15.00 and 16.00 UTC, respelgtiv

4. CALCULATION OF GLOBAL SOLAR IRRADIANCE

While the performance or accuracy may be a majterian in the selection of the most
suitable calculation model for a specific applieatiit is by no means the only factor to be
considered. Availability of input data would surélg another major factor. Others may include
area of applicability and computational complexity.

4.1. Calculation of global solar irradiancein dayswith clear sky

Many very simple cloudless sky solar irradiance edhave been proposed and tested in
literature. Most of them evaluate just the glolmdhssirradiancel g.cs on a horizontal surface. A

few models predict the components of the globaldiance. The diffuse solar irradiantecs
may be computed by using the Daneshyar - PaltriRyector (DPP) model [7]:

| = 129+ 2D4fr12-6)  (Wirif) (1)

Here 6 is the zenith angle and enters in radians. Thittzangle is computed with the formula

[7]:
C0sd, =sindsing+ coso coSyYcosw 2

where § is the astronomical declinatign,is the latitude of the place and is the orar
angle.The astronomical declination is computed Withequation :
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where Rayis day number in the year. The global irradiasce i
l g.cs =95139c0s 6, (Wm_z) (4)

After the diffuse solar irradiance and the globbahdiance are computed, the beam
irradiance on clear sky is obtained from:

|b,cs=|g,cs—|d,cs (5)
After the global irradiance for clear sky dayaswobtained, the formula below was used to
calculate the global solar irradiance on cloudysdajepending on the cloudinees index n
obtained from satellite database and the globadliance for clear sky daysg ci:
Gaat :nllg,cs+(1_ nl)lg,cs (6)
4.2. Villages presentation
Three villages from Romania were selected: Almapl{[@Bounty , latitude 45°47'30" and

longitude 20°43'20") ; Baciu (Cluj county; latitud&°47'34" and longitude 23°31'30");
Limanu (Constanta county ; latitude 43°47' and it 28°31"), as we can see in Fig. 2 :

Fig.2. Romania map with the location of those three gékschosen for the calculation: 1-
Almaj, 2-Limanu, 3-Baciu

. The three villages were chosen because they amnegated areas and areas with fertile land
for agriculture developed. Following the steps @ct®n 4.1, global solar irradiance can be
calculated from satellite data for all the threbages presented above. The days chosen to
calculate the cloudinees indexare: 03.August.2009 and 12.august.2009.

4.3. Resultsfor global irradiance
In Fig. 3 and in Fig. 4 can see a graphical gamson between cloudinees index values and

respectively, a compararison between irradianceegafor the three villages presented at
point 4.2.
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Fig.3. Graphics comparison between nl, cloudinees inaex §atellite belonging to each
villages, from time 9 :00 and 16 :00 UTC : a,b esants graphics comparison between
cloudinees index belonging to each village for da98.august,12.august, year 2009,
respectively

As you can see from the graphics, day 03.au2l@9 for villages Almaj and Limanu is a
clear sky day and for the village Baciu is a clowky day and day 12.august.2009 is a
cloudy sky day for all three villages.
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Fig.4 . Graphics comparison between global solar irradidram satellite belonging to each
villages, from time 9 :00 and 16 :00 UTC : a,b e=@nts graphics comparison between global
solar irradiance belonging to each village for da@8.august,12.august, year 2009,

respectively

From figure 4 can be seen as expected differesults of global solar irradiance from
satellite for each villages, except in day 03.atg0€9 for villages Almaj and Limanu, global
solar irradiance from satellite is almost the sdreeause the results of cloudiness index is
different only at the second decimal after comma.

5. CONCLUSIONS

This paper has presented a brief review of prevpaper based on satellite data, satellite
data base used for calculation gibbal solar irradiance, maps of cloudinees indextle
surface of Romania results from R language, a ndetilged for calculating global solar
irradiance from satellite and results of globalasarradiance obtained for three villages
placed in different regions of the country.
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ABSTRACT

In this work we present a simulation of an actinergy system. This system belongs to a buildindt buithe
style of 'Bauhaus' architecture. This style of @ettiure was founded in the Staatliches Bauhaus@dhom
Germany. For this simulation, we use Solar Wateatidg module, which belongs to the software RETSERE
and this simulation is done for several cities onRnia.

1. INTRODUCTION

The 'Bauhaus' architecture was a landmark in thiiyi of modern art and education and also
is a reference to early modern times. The innoeadirchitecture featured artist-teachers who
individually and collectively influenced contemporaart education more than any

educational institution in recent history. While myaartist-teachers working within the school

are significant, none of their accomplishments woblave been possible without the

leadership of its founder and longtime director,|léfaGropius. His experience and education
as an architect greatly influenced and infused ddsicational approach and his vision

integrated and recalled a philosophy with roots thdended back to medieval craft guilds;

one that sought to bridge the gap that had devdlbpaveen ‘artist' and 'craftsman’ [1].

2. ACTIVE SOLAR ENERGY SYSTEM

In the complex Hallenbades in the city Chemnitzyn@y there is a building during the
period of 1930 [2]. The building is built in theyk of the architecture called
"Bauhaus"Staatliches Bauhausommonly known simply as 'Bauhaus', was a school in
Germany that combined crafts and the fine arts,vaasl famous for the approach to design
that it publicized and taught. It operated from 9% 1933 [1]. At that time the German term
'‘Bauhaus', literally symbolize"house of constmictj stood for "School of Building".The
Bauhaus school was founded by Walter Gropius ircitygWeimar, Germany [1]. In spite of
its name, and the fact that its founder was anitaxih the Bauhaus did not have an
architecture department during the first yearstefexistence. Nonetheless it was founded
with the idea of creating a "total" work of artwhich all arts, including architecture, would
eventually be brought together. The 'Bauhaus' dbtgeame one of the most influential
currents in modernist architecture and modern dedige Bauhaus had a profound influence
upon subsequent developments in art, architectpaghic design, interior design, industrial
design, and typography. The building from Chemistzomposed of: a swimming pool of 50
meters, a entrance area of the building, swimmuoa pf 25 meters, a bath, a sauna, a tower,
a residential complex and a commercial complex [B].fig.1 we can see a picture
representing this building where we can observestitar collectors.
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Figl: General picture representing the 'Bauhauklibg: A- The '‘Bauhaus’ building, B- the
solar collectors [2]

This active solar system is used to produce hoemfar consumption, hot water used at
heating the respective building and hot water nmeguifor the two swimming pool. The
manufacturer of the solar collectors used is thmpamy Wagner and CO and they are flat
plate collectors, the type LB76. They were inclirr@B0 degrees compared to roof and were
used 38 solar collectors [2]. Their active totaaars 288.8 square meters and the total flow
rate through the collectors field is 3465,6 L/h, j@hile their maximum operating temperature
Is 198 degrees Celsius [2].In fig.2 we can seenarse where we can observe the components
of the active solar energy system.
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Fig.2: General scheme of the active energy systeegiated in the '‘Bauhaus' building: 1-
solar collectors, 2- fountain, 3- storage tank Z20P4,5,6- circulation pumps, 7,8,9,10- plate
heat exchangers, 11- swimming pool 25 m, 12- swimgnpool 50 m, 13,14- filters, 15-
consumer, A- loading of the fountain with waterCBthe heating circuit of the building

In the structure of the active solar system weataa find: a storage tank of 22000 L with the
constant temperature of §@],4 plate heat exchangers and 3 circulation pumps
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3. SIMULATION OF THE ACTIVE SOLAR ENERGY SYSTEM

The simulation was made for 13 various cities fr@ermany. As input data in our software
we have: some characteristics of the building dttie@active energy system and the weather
conditions specific to each city [3,4]. For the slation, the specific characteristics of the
building and of the active solar energy system wapt, only the weather conditions and
geographical location varies depending on theditysen for simulation. The city chosen for
the simulation we can see them in table 1.

Table 1: The city chosen for the simulation

Geographical Coordinate (degrees)

City from Germany latitude longitude
Bremen 53,05 8,8
Dresden 51,12 13,68
Norderney 53,72 7,15
Nuernberg 49,5 11,08
Saarbruecken 49,22 7,12
Schleswig 54,53 9,55
Stuttgart 48,83 9,2
Trier-Petrsberg 49,75 6,67
Geisenheim 49,98 7,95
Hamburg 53,63 10
Hohenpeissenberg 47,8 11,02
Kassel 51,3 9,45
Werzburg 49,8 9,9

The weather conditions are taken automatically g software from NASA (National
Aeronautics and Space Administration) site [5].rAsults of the simulation we have: solar
radiation on tilted surface, renewable energy @eéd and system efficiency of the active

solar energy system, for various cities, we canisdig.3.

B Annual Solar Radiation on Tilted Surface (MWh/m3)
B Annual Energy Delivered (MWh)

Annual System Efficiency

Fig.3: The results of the simulation representthg:annual radiation on tilted surface, the
annual energy delivered and the annual systemegifig in various city of Germany
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From fig.3, the system efficiency results are défe, this aspect is normal because of the
weather conditions which are specific to each city.

4. CONCLUSIONS

This work contains the following plan of compositica brief introduction reminding the
characteristics of a '‘Bauhaus' building, descnptb the active solar energy system, also we
present some specific information about this systeimally, we presented the simulation of
the active solar energy system for various cittesnfGermany and the simulation results. As
a general conclusion, the annual system efficiaide solar active system is between 25 -
30 %, varying due course of the different meteagiaial conditions.
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ABSTRACT

The European Credit System for Vocational Educatiad Training (ECVET) is the new
European instrument to answer to today’s challef@esducation and training in the nuclear field.
In this context, the paper presents a summaryeofdhults of UPB, nuclear engineering team from the
Faculty of Mechanical Engineering and Mechatronicghe implementation of ECVET at European
level, in the nuclear field.

1. EUROPEAN CONTEXT IN NUCLEARE&T

Today's challenge in the education and traininpénuclear field, within the EU-27 are:
» possible shortage of skilled professionals andragpopulation; new approaches for
human resource developmentin a multicultural emvivent;
* need for public understanding and acceptance; asgrgly multidisciplinary and
international character (especially in the eneepi®);
* pan-European mobility in science and technologywards a common language
between the world of education and the world ofkyanpact of the new EU tools for
E&T
The European Credit System for Vocational Educatad Training (ECVET) is the new
European instrument to answer to the above mertticheallenges for education and training
system in the nuclear field.
The pan-European approach of work force developmentbased on the following
instruments:
* EQF: European Qualification Fraimwork for lifelong leéng;
» Europass. portfolio of documents that describe the quadifions and competences
(competences’ description according to EQF)
* a common language between the world of education and the world ofkwvgob
taxonomy and European Competences)
Developed by the Member States, in cooperation with European Commission, ECVET
was adopted by the European Parliament and Cooncil8 June 2009. ECVET ensure
transformation of E&T system: from knowledge tramdb competence building.
The calendar for progressive adoption of ECVET iy EU member states has three stages:
a) ECVET testing and development (2009-2011); hintdes create conditions for gradual
implementation of ECVET (2012-2014); in 2014 isefeeen the first Report and Evaluation
on ECVET implementation. ¢) ECVET implementatioralnEU countries.

2. TOWARDSECVET IMPLEMENTATION IN THE NUCLEAR SECTOR

EURATOM instruments for policy implementation inethE&T are: 7th EURATOM
Framework Program and the Work Shop on Nuclear Jakenomy.
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2.1 ECVET implementation in the nuclear sector

Following the calendar of progressive adoption @MET in EU, Euratom co-funded in the
period 2009-2012 eight training schemes (“Euratassién Training Schemes” / EFTS ) and
qualification processes at EBvHd, in areas of nuclear fission and radiation protecas is
mentioned in the table 1.

Table 1: Euratom co-funded eight training schemes

Project acronym | Area addressed

TRASNUSAFE | health physics sector (e.g., ALARA principle)

ENEN Il Training schemes: nuclear systems suppliers

ENETRAP I nuclear safety authorities (e.g., Radiation PradedExpert)

PETRUS Il radwaste agencies (e.g., repository and enginegsdms)

CINCH nuclear and radio-chemistry (e.g., chemistry ofi@acfuel cycle)
CORONA Regional Center of Competence for VVER Technology

EURECA! Cooperation between EU and Canada on Super-Citieaér Reactors
GENTLE Graduate and Executive Nuclear Training and Lifgl&uucation

Moreover, the ENSREG [European Nuclear Safety Regulators Group") meetiritft
February 2012, Brussels underlined the importan&CYET implementation in nuclear
field:
* "new" description of jobs in terms of learning auttes (KSC=knowledge, skills,
competences)
» qualification process for higher level educatiod &mraining schemes (depends of each
MS)
» “Europass” whenever needed (= set of documentsgoribe qualifications of
individuals) imply European harmonization proceszding to the free circulation of
nuclear experts in the EU

In order to accelerate the ECVET implementationnuclear field, the JRC-Institute for
Energy and Transport initiated a series of workshop the definition of an ECVET-oriented
Nuclear Job Taxonomy/NJT
The general goal of the workshops on NJT encompdhlsdollowing ideas:
* to contribute to the implementation of ECVET in theclear area
» describing jobs and jobs requirements in terms &CK(Knowledge, Skills and
Competences)
 ECVET is intended to improve:
» transnational mobility and mobility and portabilipetween various sectors of
the economy.
» compatibility, comparability and complementarity©@€VET and ECTS
» permeability between levels of education and tregni

2.2 UPB contribution at ECVET implementation in the nuclear sector

UPB has a significant contribution at ECVET implertaion in the nulear sector, as a
member within two “Euratom Fission Training Schein&NETRAP Il and ENEN lll. Also
UPB attended actively at all workshops on ECVEewnied Nuclear Job Taxonomy/NJT

The first approach within ENETRAP Il project, in@®) was to develop an modular EFTS in

Radiation Protection for RPE, with the followingachcteristics, and represented in figure 1:
* content driven
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e modular program (8 modules): common base (3 moyaled optional modules (5):
NPP research; Waste&Decom; Non-nucler applic; Madiorm
« this scheme allow a flexible professional itinerary

¥4

£
=2
2
£
r
c
s
=
o

Fig. 1 EFTSin Radiation Protection-content driven

The ECVET approach, introduced in 2011, transforfBEd'S in Radiation Protection into a
competence driven scheme for RPE, with the neweci@aristics, and represented in figure 2:
» the scheme is structured in LO Units; LO are defimeterms of KSC
» the competence driven scheme is more flexiblettieatontent driven scheme
* a person will take only LO Units what's missinggdet the RPE qualification in the
area of interest

UNIT n

RPE

= UNIT1

Fig. 2 EFTSin Radiation Protection-competence driven

UPB contributed, within the workshops on NJT, a thethodology for training program
development for a specific qualification (Fig. 3).

The specific steps to build the training programdepecific qualification are (Fig. 3):
* having the job description and the job requiremamterms of KSC or (LO), we can
define a qualification;
e gathering together the families of jobs will obtaigualification
» defining the Units of LO that correspond to a specgualification will get the
training program for a particular qualification
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Total credit points

(60 = 1 year)
Qualification Iggf:t’;l Unit 1 ‘ Unit Learning Outcome Competence
Learning Qutcome 1 & i
Formal validation of Credit Unit 2 Learning Outcome 2 Skills
the competerjqe for points EE—— 3 KSC 2
a work position Salg DI
Learning Outcome 4 KSC 3
7 || credit Unit 3 Learning Outcome 5 KSC
points
Learning Outcome... Knowledge
job requirements: Unit
the gnowle{;ﬂgﬁ_,” gg?rtjtlst Unit 4 Set of knowledge, skills, Learning outcome
aptlt'u €s and skills and/or competences; ;
required to perform the smallest part of a Set of knowledge, skills and/or
the specific tasks Credit . qualification that can be competences an individual has
e oints Unit 5 assessed, transferred, acquired and/or is able to
attached to a p e ) el bl |
rticul K VRG] EInel (TS, demonstrate after completion of
particular wor certified. It can be . -
position Credit Unit 6 specific to a single a learning process, glther
oints ni G el @F G formal, non-formal or informal.
to several qualifications.

z; Credit
oints

Unit ... | 4 7

Fig. 3 The methodology of atraining program development for a specific qualification

3. CONCLUSIONS

In the light of the ECVET approach and of resutistgy UPB in ECVET implementation, we
can draw the following conclusions:
» The training scheme - competence drivegether with otheleCVET tools (job
description in terms of LO (KSC), Europass) areedblimprove:
» transnational mobility and mobility and portabilipetween various sectors of
the economy.
» compatibility, comparability and complementarity@€VET and ECTS
» permeability between levels of education and tregni
e The training scheme- competence driven allow a fleryble professional itinerary
» a person will take only LO Units what's missingget the RPE qualification in
the area of interest
» allow the recognition of competences and qualiitces got abroad
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ABSTRACT

Liguid petroleum gas is a totally new alternativeslf for diesel engines that provides the
possibility of diesel emissions level reduction.eThngine performance and fuel efficiency can be
maintained or improved with dual fuelling. The LR&injected into the intake manifold into the inlet
aspirated air, fuelling system using two electraraatrol units, for LPG and diesel fuel, connedbadk
to back. The substitution of the diesel fuel by LRR@ decrease with almost 45%....65% the smoke
emission, with 30%.....77% the unburned hydrocastamd 20%...40% the NOThe LPG cycle dose will
affect the engine cycle maximum pressure whicheases with ~ 10%...20% and maximum pressure
rate, 68%...130% higher comparative to classicetliesgine, the values for COV in maximum pressure
and IMEP. Following the simultaneous correlatiotwsen different parameters as soot emissions kbrea
specific fuel consumption - cycle maximum pressutEP-COV values, the optimal substitute ratio of
diesel fuel by LPG can be establish.

Keywords — alternative fuel, diesel engine, smoke, LPG

1. INTRODUCTION

Replacing fossil fuel classical unconventional pletum origin was initiated decades ago and is
one of the major concerns of today and becausanittibus provide a significant reduction in
emission levels with saving oil reserves. Numbercbémical species that are found in the
exhaust gases is very high, about 1000, but onlydethem are subject to the pollution laws:
HC hydrocarbons, carbon monoxide CO, nitrogen cxN@, particulate matter PM, and smoke
(diesel engines), carbon dioxide is consideredeargrouse gas, [2], [3], [4], [5]. From gaseous
alternative fuelsl.iquid PetroleumGas offers the most promising prospects of usearitassure
the operation of a diesel engine with low emissiofissoot and NQ at the same level of
efficiency. The low calorific value of LPG as 458R2/ kg (for a mixture of 50% propane and
50% butane), [7], is higher than that of diesel,fd2500 kJ / kg, direct influences the energy
efficiency of the engine fueled with diesel fueldahquefied petroleum gas, estimating a
reduction or maintaining effective specific fuelnsomption. Adiabatic flame temperature of
2054-°C for diesel fuel is higher than liquefied petrotegas, allocated to 199C. The smaller
flame temperature in the case of LPG-air mixtunaloostion has direct implications on reducing
combustion process temperature, on reduction obgen oxides emissions from the exhaust
gases, [7]. Is difficult to use LPG as single fuediesel engine due to its high resistance to
autoignition, registering a very low cetane numbaue of CN = -2 ... -3, which involves the
use of a diesel fuel pilot for LPG-air mixture igan. [2], [3], [4], [5], [6], [7]-

The mixture of air and LPG can be achieved outtidediesel engine cylinder by diesel-
gas method. This involves the combustion insid¢hefengine cylinder of a mixture between
diesel fuel and LPG, the diesel engine being eaqdppith an additional fuelling system for

! ecturer;? Prof.; Prof.; Splaiul Independentei no.313, e-matiinatalex@yahoo.com, phone:0723470021
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LPG, directly connected to the engine inlet (the iggectors are directly connected to the intake
manifold), ignition of the admitted mixture beingade by the injection of diesel fuel pilot into
the cylinder. The maximum amount of LPG sent itthe engine intake will be limited for
reasons of maintaining the engine reliability, siiccan be record it increased values of the in-
cylinder maximum pressure and much higher valugsessure rate.

2.METHODOLOGY

The experimental researches were carried on amatitee diesel engine, type K9K —-1.5
dci, power of 50 kW/4000 rpm and torque of 150 NOG2 rpm, equipped with a LPG injection
electronic system, at the operating regime of maxrintorque and for different substitution
percents of the diesel fuel by LPG. The experimentgine was mounted on a test bench, figure
1, equipped with the next necessary instrumentsmeasuring operations: Schenck E90 eddy
current dynamometer, real time AVL data acquisiteystem for processing and storage of
measured data’s, AVL in-cylinder pressure transddoee, AVL DiCom gas analyzer and
opacimeter for Diesel engines, Khrone Optimass rflagsmeters, engine inlet air flow meter,
thermo resistances for engine cooling liquid terapee, engine oil and air intake temperatures
and thermocouples for exhaust gas temperature, meteo for air pressure from engine intake
manifold, LPG gas detector for test bad cell, [KIl. instrumentation was calibrated prior to
engine testing.

-1 temperature measuring point
— pressure measuring point

B intake cirenit

B exhaust cireut
B LPG fueling system

diesel fuelling system

--- electric conmections

16

—

o
- coe =

Figurel: Test bed schema

1 - 1.5 dci K9K diesel engine; 2 — engine cooliggtesm; 3 — engine water cooler; 4 — intercooler f&n- engine
angular encoder; 6 —AVL piezoelectric pressure stlacer; 7 — diesel fuel injector; 8 — LPG injectér;—
Turbocharger; 10 — intake air drum; 11 — intakeflaw meter; 12 — exhaust gas recirculation; 13he®ck E9O
dyno; 14 — dyno-engine coupling; 15 —Schenck E @tbcooling water pump; 16 —dyno cooling system:=A¥/L
Dicom 4000 gas analyser; 18 —AVL Dicom 4000 Opatémel9 —AVL charge amplifier; 20 — PC + AVL data
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acquisition system; 21 —Schenck E 90 dyno contrdl2 — temperatures displays: a) — exhaust gas;itake air;

¢) — engine oil; d) — engine cooling liquid; e) rgée oil pressure; 23 — diesel fuel and LPG imgectcontrol
Laptop; 24 — diesel fuel tank; 25 — diesel fuel snflswmeter; 26 — fuel filters; 27 — high pressymemp for
common Rail; 28 —Common Rail; 29 — LPG tank; 30RGLmass flowmeter; 31 — LPG vaporizer; 32 -LPG ECU;
33 —diesel engine ECU; 34 —intercooler; 35- supangh pressure measuring system; 36- throttle astuat

The fuelling system for LPG uses an injectors gnitnected to engine intake manifold
and controlled by a LPG electronic control unit mected back to back with the main engine
ECU in order to establish the LPG cycle dose fargwperating regime, [2], [3], [4], [6], [7]. In
order to control the fuels cycle doses, the LP@tsdaic control unit works in parallel with the
main ECU of the engine and is connected to a coenpuhich allows the modification of the
injectors opening duration. In this way the didsel cycle quantity is reduced at the increase of
LPG dose in order to maintain the engine powerefogine reliability keeping. Experimental
research’s carried out to obtain fuel consumptibaracteristics for different speeds and engine
full load and to determinate the energetically aotlutant engine performance. Based on fuel
consumption characteristics were obtained somehgrappresentations for different parameters
such as: brake specific fuel consumption (BSFClufants emissions level (HC, NOsmoke)
versus to LPG substitute ratio, xc. Pressure dagraf 50 consecutive cycles were registered in
order to analyse the influence of LPG dose on timehustion process.

The experimental investigations were performedfétrént engine operating regimes for
diesel fuel and LPG dual fuelling at various ratajsdiesel fuel substitution, expressed by an
energetic substitution ratio xc.

Figure 2 shows the pressure variation diagram®@%clload and the speed of 2000 rpm,
maximum torque regime, for different degrees ofssitilition of diesel by LPG.
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Figure 2: Pressure diagrames for 100% load, 2060 Figure 3BSFCfor 100 % load and 200m

The experimental investigations have revealed ifleence of the substitution ratio of diesel
with LPG on efficiency, on maximum pressure and mmaxn pressure rate and on pollutant
emissions. Variations of these parameters depemahinthe xc substitution ratio of diesel fuel
with LPG, at full load regime and 2000 rpm are showfigures 3 ... 8.

For engine speed of 2000 rev / min it shows thatdptimal value of the substitution
ratio xc = 2.58 % for which the specific fuel consation is reduced by about 4% comparative to
standard regime when only the diesel fuel is uBgdre 3. To the increase of substitute ratio, the
specific fuel consumption increases with of 2.8%npared to maximum efficiency for xc =
4.48, the value still being lower by 1.27% compa@dhe amount allocated for diesel fuelling
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For higher percentages efficiency is reduced by &mparative to diesel fuelling, the
substitution coefficient being xc = 5.98. Considgria maximum variation of specific fuel
consumption by 2%, compared to the reference vahreesponding for diesel fuelling, is
resulting a limit value of xc = 5% he efficiency of engine fueled with diesel fuedaoPG, at
maximum torque speed, tends to maintain or to ingfor small LPG quantity admitted into the
cylinder, xc = 2.58, 4.48. For higher ratios of stitlation, the specific fuel consumption
increases comparative to classic fuelling soluttbe, limitation of LPG cycle quantity being in
concordance with the limitation of engine efficigneeduction. In conclusion, at maximum
torque speed, the specific fuel consumption vaduegelatively close to the reference, for all the
values assigned to the ratio of substitution.
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Increasing the amount of LPG leads to increasingafimum pressure per cycle, and increasing
of maximum pressure value dispersion and thus #greg of successive operational cycle’s
irregularity (figure 4). Also, the angle of maximymessurex,max OCcurs, tends to approach the
PMI, which corresponds in general to a more ramichlsustion brutal [7]. Formation of high
homogeneity mixtures between air and LPG leads faster combustion during the preformed
mixtures combustion phase, by the reaction kinettdew temperatureghis involves, besides
the increasing of the in-cylinder maximum presaypeto 10% for maximum xc (figure 4) also
the increasing of the maximum pressure rate valleis, at 2000 rev / min and 100% load
operating regime, the increasing of the in-cylind®G quantity leads to an increase of the
maximum pressure rate, figure 5. Increasing ofrttaximum pressure derivative is maximum
for xc = 9.25 and represents a value higher witBb6&mparative to the reference value.
Increasing of the maximum derivative of pressurknigted to the substitute ratio value xc = 10
for the maximum torque engine speed, resulting l@aio values that don’t exceed 7 bar / CA
deg. For other substitute ratios, the growth aveelp 23% for xc = 2.59, respectively 33.8% for
Xc = 4.48 [7].

In terms of specific fuel consumption maintainiogat value much closer to the standard
diesel engine, it can provide it a significant reton in the emission of unburned hydrocarbons
by 68 ... 77%, figure 6. Also important HC emissiaductions of 30....50% can be achieved
while maintaining the engine operation efficiencMigh-speed combustion of air-LPG
homogeneous mixtures ensures the HC emissionstieduc

30



49— 100 0127 100
“ut+ g + 90 011+ = 190
29 180 01+ Leo
170 0.09
2ol * [ g B oo M o P .
. 140 0.06 1 L]

o7 ¢ ¢ 130 005 1 N N T4
141 . . M) 0.04 4 . . 130

9 ‘ ‘ ‘ —% 110 0.03 1 1 20

0 258 448 598 925 0 258 448 598 925
xc [%) xc [%]

Figure 6: HC emission for 100 % load and 2000 rpm  Figure 7: Smoke emission for 100 % I@@00 rpm

The emission of smoke from the exhaust gases iscajgped by the degree of smoke GF,
determined for each substitution ratio of diesel foy LPG. The emission of smoke was greatly
diminished compared to values for only diesel opp@na Reduce by 64% the level of smoke
since the relatively low degree of substitution,=2.58, 4.48, are achieved, figure 7. Over this
xc values, the degree of smoke recorded an upwemnd,twith values below the reference value.
For this reason, the trend of smoke increasing was of the factors that limit during
experiments, the substitution ratio xc.
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Figure 8: NQ emission forL00 % load, 2000 rpm Figure 9: (CQ\¢pefficient for 100% load, 2000 rpm

The NQ emission in case of diesel and LPG fuelling isucedl by up to 40% compared to the
value recorded for only diesel fuelling, figure 8.substitution ratio of 2.58% in diesel fuel
ensuring a reduction in NCGemissions with 21% compared to the value meastoediesel
fuelling and with 35% at xc = 4.48. For xc = 9.25abtain the largest reduction of 40%, for
which the engine efficiency is close to the clagsigine or is slightly reduced. From this point
of view It can be said that the maximum reachedicBdn of nitrogen oxide emissions is
achieved while maintaining the engine efficiencynder the aspect of maximum efficiency
obtained criterion, for xc = 2.58, a significantluetion of emissions by 20% can provided,
figure 8. For maximum torque speed, the cycle g coefficient in IMEP (COV); is about 3
times higher than the reference, at the maximunstgubon ratio, figure 9. For this reason
becomes clear the need of limitation of the usdxtsution ratio to xc = 9.25%. If is admitted as
limit value [(COV),]max= 10% , a limit substitute ratio value of xc = 8ésults.
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3. CONCLUSIONS

The experimental study revealed the main charatiesiof diesel engine fuelled with diesel fuel
and LPG, the following main conclusions can be daraw

1. Partial substitution of diesel fuel by LPG candzxhieve, compared to only diesel
fuelling, a significant reduction in hydrocarbossjoke and NQ in terms of power
performance maintaining and of a limited variatiorspecific fuel consumption.

2. Running on diesel fuel and LPG leads to a tdndavease in maximum pressure
rate (dp /di)max and in cycle to cycle variability for IMEP (COY/)versus classical
diesel fuelling solution.

3. The substitute ratio of diesel fuel with LPG, ilimited by the maximum values,
or by the maximum range of variation admitted fasme engine running
characteristic parameters as it followk:you admit for the cyclic variability a
maximum level of (COV) = 10%, the substitute ratio is limited to xc = 8%;the
maximum pressure rise is limited to (dp)gax = 8 bar/CA deg, the LPG substitution
ratio is limited to xc = 10%; a reduction of smoémission by 40% compared to
diesel fuel operation can be achieved only withubsstution ratio of xc = 6%, at
these limits of LPG substitution ratio, a reductmn70% in hydrocarbon emissions
and of 35% in NQemissions is obtained.

4. Brake specific fuel consumption (BSFC) variatisnin the area of + 2% for the
limit values of xc = 5% to 2000 rev / min at fubldd regime.
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SYSTEME MODERNE DE CALCULE COMPLET DE LA VIBRATION
DE L’AUBE D’'UNE TURBINE A VAPEUR OU A GAZ POUR LE
REGIME NOMINAL.

Dr. Ing. Mihai DELGEANU - L'Université Polytechnigu e de Bucarest.

ABSTRAIT.
L'ouvrage présent la réalisation d’'une équationhmatatique qui permet la construction d’'un
logiciel complexe pour obtenir la fréquence daafion d’une aube de turbine.

1. CONSIDERATIONS GENERALES.

L’aube, due a sa forme de profil aérodynamiquepmache de la plaque plane en
mouvement vibratoire. D’ici I'idée d'utiliser thers de la vibration de la plaque plane mais
aussi des perfectionnements d’écoulement et ddractien pour s’approcher de la valeur de
la fréquence réelle mesurable.

2. LA TRAJECTOIRE MOYENNE DES PARTICULES DU FLUIDE
CIRCULANT DANS LE CANAL BORDE PAR LES PAROIS DES DE UX AUBES
VOISINES.

2.1. La particule de fluide sur la trajectoire.

Les forces supportées par la particule sont:

- la force d’'impulsion de type action directe doarde I'énergie cinétique du fluide
circulant a la sortie de I'ajutage et a I'entréecdunal des palettes;

- la force d’impulsion de type réaction donnée fgasortie du fluide du canal des
palettes avec une vitesse relative supérieurevidelsse relative d’entrée;

- la force centrifuge donnée par la circulation kuttrajectoire courbe (associée a
I'accélération correspondante);

- la force centripéte qui maintient la particuler sla trajectoire (associée a
I'accélération correspondante).

Les parois du canal sont I'intrados et I'extradedalpalette supérieure et inférieure.

2.2. L’équation différentielle de la trajectoire.

A l'aide des idées lancées ¢4], nous voulons réaliser un abord rationnel du reppo
entre le canal d’écoulement, comme élément détamhiret le profil de la palette, comme
paroi du canal, dans la détermination mathématigseprofils des aubes.

I. La prémisse constructivequi représente ['utilisation uniforme de la largeles
palettes pour la production de la puissance, centptbématiquement [5] signifie (dRiest la
largeur axiale de I'étage mesurée dans la directi@oulementx):

[w/m] % :E = constant (2.1)

II. La prémisse fonctionnelle qui représente la réalisation des conditions de
maximum énergétique (rendement maximal), ce quehénadtiguement [5] signifie
accélération constante dans la direction de |ss@gériphérique pour I'écoulement du fluide
circulant en canal.

2 2
1/kg] % +(wu +ﬁj =w +(wlu +$j 22)

u u
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Cette équation est représentée dans
la (Fig.1.).

Sur les axesv,w, elle est un cercle
désaxé avet/(Aw,) au long de I'axew,,.

Sur ce cercle on peut marquer les
vitesses:

- Absolue ¢

- Relative w

- Périphériqueu

Et leur angles et 5.

On peut éliminer la vitessw et on
obtient I'équation différentielle de la
trajectoire moyenne:

Fig.1. La représentation graphique de I’équation constructive de
base.

X
—_ A -
dy _ Wlu Wu B
dx X )2 (2.3)
+2h— - -Aw, —
Vvlz B (\Nlu u Bj
2.3. L’équation intégrée de la trajectoire.
x 1 1

Y 1(1—1j +tg2a, -tga, -— | arcsin—B—2_ + arcsin—2—
B \Bl B A1-p)

1. 1.
—+tg°a —+tg°a
4 ga 4 g

2.4. Les éléments géométriques de la trajectoire.
L’équation de la trajectoire permet d’obtenir dimunent les angles d’entrée et de
sortie dans le canal des palettes.

[°] B = arctg{zl(l;zl’z)tg.al} B, = arctg{— 2(1— ,o)tg.al] (2.4)

3. LES PARAMETRES GEOMETRIQUES DE CIRCULATIONS ET DE
RESISTANCE DE L'AUBE.

3.1. L’éléments d'inertie pour la plaque plane en ibration.
Les liaisons tangentielles de la plaque plane aatgnéle moment d’inertie équivalent face
au moment d’inertie d’une barre classique pourdiam systéme de calcule.

E0I Xi

[Nm?] D, = W (3.1)

3.2. La variation du débit de fluide circulant surla longueur de I'aube d’'impulsion.
d, +(2i -12)

Le débit d’un trongon de canal pour le fluide clecu est:M, = —2——7_ o
100(d, +100)

3.3. La force d’'impulsion sur un troncon de trajecbire.
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[N] f, = M i (Wli COSSy; + Wy, Coslgzi) (3.2)

3.4. Le calcul du vrillage.

La forme finale utilisable est trés simple maisstmportante parce que elle donne le pas
relatif, la trajectoire, 'équation de I'extrados l&quation de l'intrados de l'aube pour le
trongon.

3.5. La longueur de l'aube.

V2 -1
[m] L, = 7 d, ~ 0,207106781d, (3.3)

3.6. La largeur moyenne d’un trongon.

- g =g |7 2arctg(2tga,,) cosB, +cosp, {1_(2 - 3 } (3.4)

m-(B, +B,) 2cogarctg(2tgar, ) 4d,
3.7. L’alignement des centres de poids sur I'axendgitudinal.
Pour empécher la force centrifuge de donner momeritexion sur la section de base, les
centres de poids doit étre alignées sur le méméoagitudinal de la palette. La construction
par trongcons donne la nécessité d’obtenir la ostiu centre de poids avec ses coordonnées
rapportées a un systéeme d’axes commune au loraypddtte.

[N] fi =M, (wy cosp, +w, cosp,) (3.5)

4. LA VARIATION DES CHARGEMENTS ENTRE LES POSITIONS
LIMITES.

4.1. La fleche de I'aube de turbine assimilée a [daque plane en vibration.

La variante |. L’aube avec charge uniforme distrilée sur trongcons sans préciser
les liaisons en régime statique.

L’encastrement de base

La variante Il. L'aube avec charge uniforme distriiée sur trongcons en régime
statique et avec bandage sur le but opposé a I'stresnent.

[rad], [m] © S0P Vi Ve TV (4.1)
La variante Ill. L'aube avec charge uniforme distouée sur trongons en régime
dynamique.

L pMSiI(Zﬂ)Z(%Hlj 3 -
[Ns?] n 2 n 4.2)
[Nmsz] I:ic s 2 db H s .
7V = puS1(27) 7+|I v
d_ |f 2 d _ VS 2 R _s_ud R _us _ B _Ld
[rad],[m] @« = F noove = F N° Ve SV Ve Ve SV TV Y (4.3)

4.2. La fréquence propre de l'aube.
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gi Fv,

2 — i=1

[s7%] Q[Z @ e +ZZ[ ﬂ (4.4)

. 1
fa=fe=—

2T z g (Via )2

i=1

c
p

5. LES PERTES QUI PEUVENT CHANGER LA FREQUENCE PROPRE
5.1. Les pertes d’énergie cinétique par frottemerdans la couche limite.

q- = 0,037, w2 (2L )(%j | (5.1)

L’influence des pertes sur la fréquence propre sk&pa0 %.

5.2. Les pertes d’énergie cinétique par friction adrifugeuse sur le profil de
I'aube.

Pour le calcul de la fréquence propre on utilisérdeail mécanique de déplacement
perdu on utilise la valeur relative:

[LICJ 0150, |[db+(2i—1)|](WiTLij_' n? (5.2)

L’influence de cette perte dépasse 5 % sur la &dge propre.

6. CONCLUSION SUR LE PHENOMENE DE RESONANCE.
Si on utilise la (Fig.17.) et la relation (5.9) beuvrage complete on peut discuter,
mathématiquement, la résonance qui se realise gyjandf;.
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SYSTEME MODERNE DE CALCULE COMPLET DE LA VIBRATION  DE
L’AUBE D'UNE TURBINE A VAPEUR OU A GAZ POUR LE REGI ME
NON NOMINAL

Dr. ING. Mihai DELGEANU - L'Université Polytechniqu e de Bucarest.

ABSTRAIT.
L'ouvrage présent la réalisation d’'une équationh@atatique qui permet la construction d'un
logiciel complexe pour obtenir la fréquence deraiion d’'une aube de turbine a vapeur pour lamég
non nominal.

1. CONSIDERATIONS GENERALES.
L’aube, comme profil aérodynamique s’approche dadgue plane en vibration.

2. L'AUBE EN REGIME DYNAMIQUE.

Le régime dynamique suppose mouvement de rotatiea ane vitesse de rotation qui
produis force centrifuge. La force centrifuge, duda fleche statique, produit moment face a
I'encastrement. Ce moment produit une fleche dygamiqui diminue la fléche statique parce
gu’elle s’oppose a celle-ci. Mathématiquement tésuhe variable supplémentaire au temps des
régimes non nominaux qui est la vitesse de rotatimta suggére l'idée de travailler toute jours

relatif par rapport a® de la force centrifuge.

3. LA FREQUENCE PROPRE DE L'AUBE.

3.1. Généralités.

L’aube est un systéme continu avec nombre infindégrées de liberté. La difficulté ne
consiste pas de résoudre mathématiquement du dédetnmais d’apprécier correctement des
constantes élastiques du systeme élastique dgeréti

3.2. La pulsation propre utilisant I'équation des éergies.
De I'égalité des deux énergies maximales résudguaition générale de la pulsation:

3.3. L'introduction des pertes d’énergie cinétiquepar frictions dans la couche limite.

3.4. L’introduction des pertes d’énergie cinétiquepar frictions de centrifuge sur le
profil de I'aube.

Les calculs effectués a I'aide du program, dévedoppntre que la valeur des pertes dues
a l'effet de centrifuge peut influencer la fréequerwec 5%.

3.5. La fréequence propre de l'aube.
On peut calculer les frequences:
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277. i=100

)

4. LALGORITHME FINAL DE CALCUL.
L’algorithme a été présenté dans I'ouvrage prédedan

4.1. Données d’entrée.
Les données d’entrée ont été présentées dansdgeiyrécédant.

4.2. L’algorithme de calcul.
L’algorithme a été présenté dans I'ouvrage précedan

5. LE REGIME NON NOMINAL ET SON INFLUENCE SUR LA VI BRATION DE
L’AUBE.

5.1. Généralités.

Les régimes transitoires aux turbines a vapeur coaplirent pas les conditions
mathématiques de variation en temps infini petitaehe nous permet l'utilisation des équations
différentielles caractéristiques. Les organes déage sont trés grands, avec réactions attardées,
et le répons ne s’encadre pas dans les valeurs digime transitoire mathématique.
Correctement, un tel régime pourrait étre définhote non nominal, donc un régime en qui les
paramétres varient face aux valeurs nominales riesnae fonctionnement. Pour un tel régime le
pante de variation des paramétres est petite ¢hématiquement, nous avons une variation de
type rampe non de type échelon.

L’auteur découvrir personnellement dans sa these ddoctorat que I'étude complexe
du systéme enchainé rotor vibratoire (arbre en vibation, disque en vibration et aube en
vibration) a le dégrée plus petit possible 16 en nencant a 11 facteurs d’'influence de petite
importance (les facteurs impliqués et les corrélabns qui doivent prises en considération
sont déja discutés). Les méthodes actuelles mathéimaes de désenchainer des systemes
enchainées jusqu’a 8 déegrée utilisent installationses puissantes mais avec acces tres limité
(Boeing Corporation, L’armé russe, L’armé ameéricaire).

5.2. La modification des triangles de vitesses.

lllustrative pour la modification des triangles déesses est (Fig.1.). Les triangles de la
(Fig.1.A.) sont celles initiales donc, de notrenpaie vue, celles du régime nominal donc avec
parametres non modifiés. On remarque que la turdig& projeté pour ce régime et donc les
parametres géométriques des ajutages et des awitesogstruits et non modifiables. Donc ne
sont pas modifiables, dans les régimes non nomjriasiparametres:
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Si on modifie la valeur de la vitesse; (Fig.1.B.), comme les angleg; et B; et
respective la vitesse périphérique ne se modifie, la vitesse d’entrée d'aubws déviée se
décompose dans une composante sur la directionégque d’entrée dans aubeg; et une
composante normale a cette direction:

Cette derniére vitesse se décompose sur les dimegprioritairesu et a comme on voit
dans médaillon:

La composante sur axial augmente la

vitesse axiale, donc I'énergie développée sur

Jd 1 axial qui ne produit pas puissance et donc est
! ! 1 nocive.

La composante périphérique est dans
le sens contraire au mouvement de l'aube et
: donc diminue [I'énergie utile produit par
Sl h &3 ) étage.

":S ; Ceux résultats se voie aussi du
triangle gauche ou la vitesse wy' se
diminuerait, diminuant I'énergie produite par

i réaction.
c| o /// \ B ~ .. .
> SQ \ En méme temps se diminuerait la
N7 composante périphérique de la vitessg
"""""""""""""" - approchant I'étage de la sortie idéale avec
a,; = 900
Fig.1. La modification des triangles de vitesses. La mOd iﬁcation de |a Vitesse

périphérique u par la modification de la
vitesse de rotatiom (Fig.1.C.) quand la valeur de la vitessg et des anglesa;, 1, B2 ne se
modifient pas, change les triangles de vitesse atge ananiére. Cette derniére vitesse se
décompose sur les directions prioritaireset a comme on voit en médaillon:

[m/s] Wlpaerpendiculaire _ Wlperpendiculaire cosp, (5 1)

[m/s] Wlpuerpendiculaire _ errpendiculairesinﬁl (52)
la modification du
la modification du

La section de sortie d’ajutage est construite es@anodifie pas
débit. L'angle de sortie d’ajutage est déja coriset ne se modifie pas
débit:

a
a

[m3/s] M™p* = S c'sina;,  Myv; = S;c;sina; (5-3)
Mt et M _pit P (5.4)
My vy 1 Mg p1 Po

Le processus en ajutages reste adiabatique et, diienn’est pas en totalité réel
mathématiquement (mais les différences sont dorhéepertes relatives petites), on peut écrire
d’'apres la (Fig.2.) et résulte:

[Nm/kg] povk = vk = p(uiM* = p vk (5.5)
1 1 1 k-1
vt ™\ Tk (M™ Tkt MM M™ Tk (MM & B == (5.6)
=) =) " =50 =0 ot =cy’F =ad

5.3. Le logiciel de calcul pour la vibration de I'aibe en régime non nominal.
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L’aube, déja construite, ne permet pas la variafies parametres.
Pour I'aube encastrée a la base et libre au bquds#pou avec bandage au bout opposeé:

[m] (ViR )m = (ViS )m - (Vid )m (ViR )m = (Vis )m - (ViB )m - (Vid )m (5.7)

5.4. Le calcul de la fréequence modifiee et faire l@sonance évitable.
Les fréquences peuvent étre
fp calculées pour toutes variantes de
fp’dyn chargement et, parce gqu’elles sont fonctions
K=3 de la vitesse de rotation, peuvent étre
représentées graphiquement. Un probleme
A important est la détermination des vitesses
de rotation de résonance comme valeurs ou
f; les fréquences propres devient égales aux

/1 fréquences imposées.

Les fréquences imposées aux aubes,
considérées seulement du point de vue de
n l'étage, sont données des minimes de

By g l'inégalité d’entre ajutages.
Les fréquences imposées
Fig.3. Le diagramme de la variation de la vitesse de rotation. deViennent:
fimp =7zn (58)

Mathématiquement donc:
= fl,imp =n, f2,imp =2m; .f3,imp = 3n; f4,imp =4n; (5.9)
f5,imp = 5nm; f6,imp =6n
La mise a I'égalité des ceux fréquences imposées lag fréquences propres donne:

g{ﬂqf)m ey 23] ”

i=1 =\ | "

(5.10)

N (0

7 Slaeylert
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METHODS FOR DETERMINING RESIDUES AND CONTAMINANTS
FUEL USED FOR POWER PLANTSIN THE RESIDENTIAL SECTOR

Mirela Dragomif
Romanian Bureau of Legal Metrology

ABSTRACT

This paper focuses on developing methodologiesnekte analysis and evaluation of their ability to
provide complete and reliable measurement processetertaken, identifying best practice evaluation
methodologies with high accuracy and sensitivitglefermination of residues and contaminants anesassent
measures needed to align / further developmenefefence standards for traceability of measuremesuilts
and values of reference materials field concerned.

1. INTRODUCTION

As the science of measurement, metrology represemtsizontal scientific and technical
field which stands at the foundation of all natusaliences and engineering. It is a
multidisciplinary and technically vast domain ofdwiledge characterising in a consistent and
systematic way the mathematical methods and tas®d in data treatment of measurement
uncertainty, comparability and traceability coneept

The National Institute of Metrology (INM), a reselarand development oriented institute
in the field of metrology, is directly involved istrengthen the capability of the metrology
infrastructure, to provide traceability routes he tinternational System of measurement units
(SI) for the measurement results and for the vadtiedbuted to the measurement standards in
Romania. Within the frame of consolidating the posi of Romania as a European state, the
activity of the INM is particularly important, siacit underpins the confidence in the
measurement results both in the regulated andeamtn-regulated area. By providing the
traceability routes to the accredited or authorisatibration and verification laboratories,
confidence is given in the tools needed to invaséighe quality of goods and services offered
by units of economy on region markets, and esgg®althe single European market.

To align the technical and metrological level ofogh national and reference
measurement standards maintained/operated/develdpedthe facilities existing in
homologues European metrology institutes, the Matidnstitute of Metrology is also
constantly preoccupied with the enlargement anegnattion of research activity performed in
the institutional frame created at national andolpean level.

Main objectives were:

- disseminating measurement units to lower ordeasmeement standards starting from the
national and reference measurement standards;

- performing legal metrology control by means oftrolegical verifications, within the
established competence limits;

- proposing and performing European and natiorssarch projects in metrology field;

- ensuring the trainers and themes to carry o thming Program approved by the BRML,;

- giving approval proposal to the Testing and Vieations Procedures developed by the units
of economy applying for authorization;

- testing to pattern approve measuring instruments;

lGala;i, str. Stiintei, no.7, +40 745641314, mireladrago@gmail.com
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- assuring technical assessors in the audit teagenized for authorization of the units of
economy;

- periodically characterizing the national and refee measurement standards maintained in
the INM, monitoring their stability and ensuringethmaintenance;

- demonstrating the calibration and measuremerdlzbiges by participating in key, regional
or bilateral comparisons organized under the coatdin of the Comité International des
Poids et Mesures (CIPM);

- maintaining and improving a quality system apppiate for achieving the established quality
objectives for each laboratory of the INM;

- drafting legal metrology norms;

- analyzing drafts of national regulations, inteéim@al documents/recommendations (OIML)
aiming at measuring instruments and measurements;

- representing the institute in EURAMET activitiesd in Consultative Committees of CIPM,;

- disseminating the results obtained within thenkeaof national and international congresses,
revues and other specialized publications.

Specific chemical analysis performed to control ¢luality often emphasis the need to
approach at in more depth the issues of chemicasarements.

Beside the base principles of the environmentaurstgc some of these European
regulations document the methods to be appliechéndommon practice as well as the
performance characteristics to be met by the methezkbd for control. To follow such
documents it is important to have measures to asthe comparability and trace of the
measurement results to accepted references of $hainits, implying:

- traceability routes of the agreed measurements;
- the use of valide methods of measurements;
- capability confirmation.

Since the base mission of a national megpplinstitute regarding the developing and
maintaining national measurement standards intemealty recognised, providing traceability
to the SI, ensuring the suitability of these staddéor national needs and providing
metrological expertise, it is inherent the preoatigm of the National Institute of Metrology
(INM) for this sensitive field.

The INM proposed in partnership with INCOHCHIM (National Institute for Research
and Development for chemistry and petrochemistiyCD ICECHIM) and University
“Politechnica” Bucharest (UPB) Research — Physiepddtment a research and development
project in the Program Partnership in priority Damsa(3125) aiming atResearches to
establish the best practices to evaluate the metlogtes having the highest accuracy and
sensitivity to determine the residues and contantsia The project, admitted for financial
support (contract 51/084) led to obtaining sevezallts — studies, new products and services
developed [3].

2. COAL COMBUSTION RESIDUES (CCR) - SURFACE IMPOUNDMENTS
WITH HIGH HAZARD POTENTIAL RATINGS

Over the past several years, it has undertakemeeded effort to identify and to assess
the structural integrity of impoundments, damspthier management units, within the electric
power generating industry, holding wet-handled caashbustion residuals or CCRs.

CCRs consist of fly ash, bottom ash, coal slag, #ind gas desulfurization (FGD)
residue. CCRs contain a broad range of metalsexample, arsenic, selenium, cadmium,
lead, and mercury, but the concentrations of tlaeseyenerally low. However, if not properly
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managed, (for example, in lined units), CCRs mayseaa risk to human health and the
environment.

Heavy metal contamination of soil may pose risksl &iazards to humans and the
ecosystem through: direct ingestion or contact withtaminated soil, the food chain (soil-
plant-human or soil-plant-animalhuman), drinkingcohtaminated ground water, reduction in
food quality (safety and marketability) via phytei@ty, reduction in land usability for
agricultural production causing food insecurityddand tenure problems [5], [6], [7]-

Information on the presence of these is importantocal officials, including first
responders, and the residents of local communsitiethat appropriate preparedness efforts
can be undertaken, reviewed, or maintained. Ma@ayeSthave active dam safety programs
and, in many cases, local government agencies résponders, and the local community are
involved in preparedness efforts.

3. THE ROLE OF NATIONAL METROLOGY INSTITUTES TO ASSURE
TRACEABILITY AND COMPARABILITY OF MEASUREMENT RESULTS
REPORTED IN ENVIRONMENT CONTROL

The confidence in the international measuremertesyss strengthen by the joint effort
of the national metrology institutes all over therld to rely its performed measurements and
reported measurement uncertainties on universattg@ed units, meaning on measurement
units of the International System of Units (SI).

It is extremely important for each country, by mear its own metrology organization,
to compare national measurements and to estaliisshmutual equivalence not only in an
effort to enlarge measurements capabilities butaawmean to reduce the trade technical
barriers. How a national metrology institution camnsolidate the mutual equivalence of
national measurement standards and of measuremayaatbitities, having known measurement
uncertainties, represents the measure that detesmine capability of that country to
participate in the international trade and in joggearch-development-innovative programs.

The national measurement system is the technif@asinucture that makes possible the
achievement of measurements accurate, trustabfer faational purposes and internationally
accepted regardless of the field they are performAedational comprehensive measurement
system includes several area of responsibility, rgrtbem may be given as examples:

* maintaining measurement references — measurestardards for units;
* ongoing development of measurement standardeét the increasingly needs of society;
* elaboration of relevant document written standd#{.

For this purpose, a national metrology instituteingolved in several activities
regarding:
* maintaining and development of national measerdgratandards fit for the national needs;
» promoting the traceability to the Internatiosgistem of units (SI) concept;
» dissemination of Sl units in accredited labora®r other industrial and commercial
laboratories and to other users from the countdycients from abroad,;
* establishment of traceability arrangements witheo NMIs and with the BIPM for those
measurement units having no primary national measent standards;
* ensuring the traceability of the values of theaswement standards used for verifications by
the legal metrology authorities;
* maintaining an overview of the hierarchy of thational measurement standards /
traceability (National System of Measurements) [1].
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3. CONCLUSIONS

Taking into consideration the critical aysa$ of the ways to achieve the comparability of
the results of chemical measurements reportedrinexdion with the environment quality and
their traceability to recognized references, sdvmactical aspects have been concluded:

- technical and scientific support of measuremestiits reported in environment control is
necessary to rely on national and internationaresfces recognized by traceable calibrations
to the Sl or by CMCs published in data bases;

- development of the national system of referemeessiring the linking of all measurements to
internationally recognized references bases orpéngcipation with good results in relevant
CIPM MRA comparisons;

- participation in relevant comparisons and theettgwment of national references (physical
measurement standards and certified reference ialajerepresents real small scientific
research projects since the activities performedHt®s purpose, beside measurements, also
implies development and validation of higher ordezasurement methods, estimation and
reporting measurement uncertainty, evaluation efdbagree of equivalence against the key
comparison reference value etc.;

- calibration and measurement capabilities ensategresent in Romania partly cover the
national needs and gave evidence for the vertmalaach of the projects;

- assessment of the comparability of the reporsdlts at testing laboratories level by means
of interlaboratory comparisons is in line with théssions of the a national metrology institute
and justifies the horizontal approach of the prbjec
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ABSTRACT

An important effect due the natural gasqdaee by LPG gas fuels is the change of the
useful heat transfer by radiation. For a systeznatid advantageous solution, mainly was
favorable to establish the ratios of non-luminond total combustion flame emissivities of critic
analized gas fuels. Thus it is developed a complethod for determination of combustion flame
emissivity ratios, comparing LPG and & Hbr non-luminous flame in the first stage and tibial
flame emissivities in the second stage, when tlu¢ sgeases in flame. This last development,
generated a complex calculation using results edsurements on combustion flame into the
furnace. In addition, is obtained a general formida calculation of flame total emissivity
resulted by furnace operation especial with diffiergas and liquid fuels. By calculations, for
non-luminous emissivities of propane, butane, nretha, are establisheg, [l egp Hegy and a
small differenceegm - gy Which represents a disadvantage for LPG comparé&ihy, .

1LINTRODUCTION

There are huge consummations of LPG gas fublshwespecially are burned in place of natural
gases. Usual, the natural gas consists of a higtepage of Cki(generally above 85 percent) with
varying amounts of ethane, propane, butane and gases. For this reason in a first approximation
for calculation, the natural gas will be assingthtwith CH .The main characteristics which can
determine positive and negative effects on fursae#iciency and environment pollution, at
combustion in furnaces of LPG and comparative,Gire: the total flame emissivityy, the theoretic
combustion temperaturg &and CQ emission output obtained by combustion. In thégs, the first
characteristic, especially will be critic analyzaad developed especial for applications. Naturaéga
with majority content Chl(noted with index m) and LPG (mix oB8g with C;H10 noted with index y
= bp, GHsg with index y = p and ;o with index y = b) are used as domestic and intduels
with numerous useful applications consuming enosnguantities and heaving a very great
economical importance [1]. For example, propanébutane are used as fuel in cooking stoves,
different furnaces types (including livestock faaks), water heaters, grain dryers, but also atomo
vehicles using internal combustion engines (foresytocomotives, taxis...). Propane is the third most
widely used motor fuel in the world and for exampeer 15 billion gallons of propane being used
annually only in U.S.A. It is especial important iticrease the furnaces energetic efficiency by
combustion flame emissivity increase. Usual by §ads with non - luminous combustion we
understand a complete combustion process withattretease, as for example can be the complete
combustion of Chl Propane can burn with visible flame and usualyihg a supplementary heat
radiation emisivity [2]. Similar is the industrialombustion of LPG gas fuels, but where the releése
soot from flame is relative small due economic o@asand the soot can decrease with the increase of

45



combustion excess air ratio together with improvim¢pomogeneity of mix between air and gas fuel.
It is to underlined the release of nitrogen diexiaihich is favoured by circumstances of combustio
for butane and (or) propane, and thus alreadyesemts a human health hazard. The increased
combustion theoretic temperature of LPG in compariwith CH; (Ty > Tim) represent an important
advantage. But the possible increase ob @@put by combustion of LPG comparative with CH
determines the growth of thermal pollution. In exse will be developed a method for determination
of combustion flame emissivity ratio comparing LR&d CH , for non-luminous flame in the first
stage and the total flame emissivities in the sdcetage with soot release . Also this last
development, will generate a complex calculatiovingy a general formula for calculation of flame
total emissivity resulted by operation at furnafmesexperiments with especial different gas anditig
fuels.

2.COMPARISON FOR RADIATION USEFUL HEAT TRANSFER AT FURNACES

The total flame emissivities for LPG can ingeaomparative with non-luminous emissivities due
the release of soot in combustion process. By @éxjetts resulted that especial propane can burn with
visible flame, usually having a supplementary radmemisivity and is much cleaner flame than for
gasoline, though not as clean as for natural g#s majority content of ClH However, at the propane
sensible incomplete combustion give a decreasedhieating value K with CO and C carbon fine
particles in emissions, according to relations2&+ 70, — 2C0O, + 2CO +2C + 8KHO [2]. Thus, the
total emissivityeq of combustion gases, and useful heat transfeatation are determined by gas fuel
kind and combustion conditions. Essentialdpralues are the following characteristics: cont#tO,
and HO from gases resulted by fuels combustion, temperabf combustion gasesy Tespecial
determined by the of theoretic combustion tempeealu ), mean length of beam (layer thickness) | ,
possible soot content released in flame and condousikcess air ratid. With a small approximation
can be considered valid valuesiat 1.05, for theoretic combustion temperatugg @ 2245 K with
Ty 02308 K, 2310 K, 2308 K and for = 1.4, Tm0 1865 K with Ty 0 1900 K. 1902 K, 1901 K
referring to methane, butane, propane and mix eflalst two gas fuels (with bp = 0.5b+0.5p). When
miss soot in flame we obtain the non-luminous emwityseq which is decreased comparative with the
total emissivityey > ¢4. Indeed, the content in G@V¢p, Vo, Vem) and HO (Vyp, Vip, Vum) and possible
soot content of combustion gases, usual are fumctidhe combustion excess rati@nd gas fuel kind.
Using specific equations, are obtained th®HCQ, contents in percentages, from gases resulted by
complete combustion, ofs8s, CsH10 and CH, gas fuel unity (for example fyand Vgp --s Vep ooy
Vip ... Vgb .oy Vep ..., Vap ... are expressed ingim>y):

V=100V = 400/\@p,vcp_100vcpng 3001V With Vgr=7+5(.- 1)+18 8 (1)
va—looVVm/ng—ZOO/ng,V Cm—lOOVerr/ng—lOO/ng W|th ng—1+9 5% (3)

The resulted gases of complete combustion arengaitr, water vapour, carbon dioxide and oxygen in
excess, but only the G@nd HO can radiate and receive thermal energy incBetebands of wave
length. According (1), (2) and (3) resulted,bwvm, Vyp<Vym, With V>V, Cp>ch .Thus when
A=1.05 result for \(,=14,82 %, \K,b—14 29 %, \(,m—18 18 % with V,=11.43 %, \,ép—ll 11 %, \ém—
9.09 %. and whe#=2 result for \{,=8.064 %, \(4= 7.766 %, \(m= 9.980 % with \{,=6.213 %, k=
6.048 %, Vin= 4.990 %. The first case approximately correspadsdustrial furnaces working at high
temperatures and the second case corresponds testiornurners used to indoor kitchen with open
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flames. Also the differences\i- Vyp and Ve Vem, decrease with the increaseladnd this variation is
valid for LPG gas fuels in comparison with €HFor furnaces having, the interior walls coverethw
cooled tubes as at numerous boilers unities and distillery furnaces, the useful heat transdspecial
being by radiation, using LPG (having index y) angarison with Clcombustion, is:

AQuy LAQunegy T} - 8oy Ts )(Egm T oy~ @gm T )? (4)

where T, is the cooled wall temperature andsathe integral absorptivety of combustion gaSasce in
general, g T;‘» agT;‘ for a first approximation, the useful he&®, is direct proportional with the

combustion gases total emissivity and temperaturd’ ; But, for the same gTwith constant value,

changing CHwith LPG, is valid the relatioAQyy / AQum Uegy / egm- Really for the some value &f the

T4 temperature become lager for LPG comparative ®H, combustion, because between combustion
theoretical temperatures there is the inequaliy>TTn. Thus at numerous furnaces, it is possible to
have Ty > Tgm and for this reason, is possible to have the iakiyu AQu>AQum When

€gy | €gm (Tgy | Tgm)* > 1. The increase of §J/ Tym)* can compensate the eventual decrease of total
emissivities ratioggy / €gm. INdeed this change is possibldue the soot releass# LPG combustion
giving ggy / egm> 1. Thus, in a first approximation for the mengdrcases, resulted :

AQuy / AQum Oegy / €gm (Tgy / Tam)*. %)

Also (5), can be used, for estimations of ratioNsetn the useful radiation heat transfer at combusti
with open flames oat special furnaces, when thatiad of ambient medium is negligible in comparnso
with flame radiation. In fact, for industrial furoes there are two main distinct cases: when the
temperature in the working volume of furnace: hasimposed value which does not surpass the
optimum value for development of technological gss; and when this temperature can exceed the
value obtained in the first case, even being an@ldgical necessity, (similar as for some boileB)t
also, there are industrial furnaces where for tficient development of technological process is
necessary to have an optimal constant temperatuferTfurnace exhausted combustion gases. For
industrial furnaces which warm the technologic prcicat high temperatures, the useful radiated iseat
transferred towards the technological product aapbey the radiation of the furnace inner masomg a
smaller by combustion gases. In consequence, theemte of total emissivityey variation due the
change of Chlby LPG have a decreased importance, on the usedtltransfer by radiation. Indeed, for
this reason, a great amount of useful heat transfespecially given by heat radiation of furnaceha
(which have be favorable projected for increaseadfation heat transfer).

3. CALCULATION OF NON-LUMINOUSCOMBUSTION FLAME EMISSIVITY RATIO

The calculation of selective non-luminous eswisy of flameey can represent an important stage,
which give an acceptable but useful approximatioprojection especial when is negligible the soot
released in flame. The use of empiric formulae Jiithited validity for obtainingeg , have to be
avoided for relative new gas fuels. Indeed, thennpairpose is to obtain the useful heat transfer by
radiation which is especial necessary for projemtsl economic calculations. Thus, can be
calculated by adding the afferent emissivigyof CO, component with the afferent emissiviy, of
H,O component multiplied with a correction factor 3).[Also this sum will be decreased for
precision, with a non-significant amoufsity (which can be neglected in a first approximatidog
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superposition of some wave length bands fop @& HO emissions. The values gf , &g , b, usual

are obtained from specific diagrams in functiont@perature J and afferent g respective g
(multiplying partial pressure of GOor H,O components with |) for determined emissivities,
respective for b (in function of,pand pl). It is to underlined the great importance of geneted
problems for projection of radiation heat recupangbf furnaces which can give a great increase of
furnaces efficiency, by heating the combustiontidiri000° C [4]. To give in evidence the resulted
differences can express the ratio of non-luminonssgvities for LPG comparative GHas follows:

Rm= &, 5;1 U (egey + by egwy)( egemt Bm egum )_1 (6)

By calculation using (6), resulted in a first appmoation, the values of non-luminous emissivities
of methane, butane (in round brackets) and profiarsguare brackets) thatédgn, sqp andeg, , when
A=1.05 [=1273 K, 1473K, 1673 K, 1873 Kand | = 1lmespective | =2 m, as follows:

- 0.2585, (0.2465), [0.2472] ; 0.2237, (0.2161)21®8] ; 0.1909, (0.1781), [0.1783] ; 0.155,

(0.1508), [0.1519] (for | = 1m) and
- 0.3420, (0.3290), [0.3307] ; 0.2916, (0.2824), 83@] ; 0.2658, (0.2504), [0.2559] ; 0.2343,
(0.2248), [0.2273] (for | =2 m)

Taking into account of these and other numerougaimesults, results a small increase of,@idn

— luminous emissivity comparative with LPG gas $uemissivities and can considereg, ey,

ggy (valid also for bp mix LPG gas fuels).Thus foaeple wheni=1.05, | =1 m, §= 1473 K

resultsegm = 0.2237 withegy = 0.2161 andeg, = 0.2168, giving a decrease in percents of maximum

4 %. Especial due the increased values @ Eontent from combustion gases of 4kl comparison

with LPG gas fuels, result for GHhis advantage. Also using and other obtainedtsesuas utile to

trace the curves familiegm = Fn(l, Tg), egp = Ru(l, Tg), ego = Fo(l, Tg), Which are given the variation
of non — luminous emissivitiegm , &g , &g IN function of beam length | and temperature of
combustion gasesgIfor A = 1.05. Thus, especial results that mentioned nioiminous emissivities
increase with | and decrease with the increaseemperature J being negligible the difference
between ey, , g aNdegyy (Mix of propane with butane) For LPG gas fuelsssniity ¢y can be
considered as equal with an arithmetic averageevakiweerey, andeg, . Using (6), at a correct

comparison, for example betwegj andegn it is necessary to take an increased temperagyre T

Tym for establish the value efy, , because > Tim.

3.DETERMINATION OF COMBUSTION FLAME TOTAL EMISSIVITIES RATIO, FOR
LPG COMPARATIVE CH,.

It was necessary to developed a method forrm@tation of ratio between total flame
emissivities gy andegm , but being independent of anterior presented oe#ujusted especial for
projection This development is obtained in two etagconcerning : the establish of a complex
calculation formula for total emissivities definirtge afferent ratio, and which is follows by
measurements using an special conceived a cooléiersrreen, mounted into the furnace. By
writing the thermal balance equation for the usityface belonging to the mince heated surface S
(placed on refractory wall inner of an experimerftahace), results for gas fuel in general, as
follows:

fot fi=€wi 0 T+ (1 -€wi) fri + fei @)
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wheref; [W/cm?] is the total radiation incident flux to the redeiy unit surfacef - heat flux
yielded to the receiving surface unit by convectiigin- heat flux transmitted to the environment by
the unit receiving surface;,; - total emissivity of the refractory wally = 10% C - the Stephan —
Boltzman constant,with C = 5.67 /“LpNV/cm?K?].

The fluxesfg, fii, fei and &, Eg (notations which will follow, are orientated in éation @A) normal
to the gas fuel flame symmetry axe. The refereniceensurface S have the temperatiife From
(7) can obtain:

fi= o Ty - (fei —fei) ewi (8)

and the total normal radiation from the refractbepind the flame is
fti =0 T\f’i + (1 -EWi) fri =0 T\; -Zj (9) Whel’Ei = (fci —fei)(l - EWi)/ Ewi (10)

The total energy flux gresults from the summation of the(1 - &g) and the total normal radiation
from the gas fuel flameg: that is:

Ei= Egit fii (1 - &¢) = Egit (0 T,;- Z)) (1 -&g) (11)
From (11) results taking into account of (10), thial emissivity of the i gas fuel flame:
gi=1-(& - Eg)(o T, -Z)* (12)

For a first variant, in the particular case whers2, relation (12) become the Schmidt formula
used for calculations also at “International FlaResearch Foundation, 1Jmuidi). Thus,
according (10) is admitted valid minimum one of thkowing conditions:ey =1 and f; =fe;. But
values, T Ty relative near of these conditions, especial candalized in an experimental
furnace. Thus for comparison of LPG with £Hn a first approximation can use the expression
of a specific ratio betweesyy:andegnm :

Rn= &gy / €gm = [1 — (By - Bgy)(O T\f,y )L = (Eim - Egm)(0 Tvzvlm)_l]_l (13)

For special cases and increasing the range of cayility, especial for some experiments at
industrial furnace, can be used the real valu&;ofalculated from (10). Indeed for modern
furnaces the heat losses in environment are veryedsed f(; [0 0) but the useful heat
transmitted by convection can be important (togethi¢h fi;). Whenggy > g4, the difference
betweereg andegn in percent okgn , results as follows:

M =100 (Rm-1) (14)

The S surface temperaturg;,Tcurrently is measured with a thermocouple Pt.-RPt adequate
set up in the refractory wall . The fluxeg,BEem and gy, Egm are measured with the twin-angle
total radiation pyrometer sighting upon the directi(d). The conceived mobile cooled
background screen can cover the surface S only whereasured thegHlux. Thus can obtain
the characteristics necessary for calculation ofigared total emissivities, at stable and practice
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complete combustion regime and usual for the sammate thermal power. Index m for afferent
calculations, is valid for the natural gases withjonity CH, .

5. CONCLUSIONS

An important effect due the natural gasedampby LPG gas fuels is the change of the
useful heat transfer by radiation. For a systemslution, mainly was favorable to establish the
ratios of non-luminous and total combustion flam@ssivities .Thus it is developed a complex
method for determination of combustion flame emisgiratios, comparing LPG and GHThese
ratios are obtained: for non-luminous flame in tinst stage using the formula (6), important
especial for projection and the total flame emisiss in the second stage, when releases the
soot. In addition is obtained a general formuld)(for calculation of flame total emissivity
resulted by furnace operation. It is used the vahle of Z calculated from (10). But this formula
can increase precision of results and have ineteapplications. Thus can be used for different
materials withe,; great different of unity and when is an importaeat transfer by convection
(fi >> 0). The ratio between afferent total emissivitigs: andegmis: B €gyz /

egme=[1 — (By - Eg)(0 Ty, - Z) M1 — (Bm - Egm)(0 Ty~ Zm) ™. In the first variant when is

considered Z= 0, for the afferent ratio resulted formula (13)lso can be compared establishing
emissivities for other two different gas fuels, different liquid and even solid fuels burned as
fine solid particles. From numerous calculationd Hre traced curves families  egm = Fn(l,

Tg), egp = Roll, Tg), egp = Ro(l, Tg) resultedey, Oegp Degy and a small differencegn - egp , but in
favor of CH, representing a disadvantage for LPG. This incomvee can be avoided when the
inequality Ty, > Tgmis sufficient important. This finding, results aldfrom (5) because
AQuy>AQum Whenggy / £gm (Tgy ! Tgm)* > 1 and the variation of the radiation useful.thesnsfer

is determined by the values of the ratigg/ egm and(Tgy / Tgm)*. The huge consummations of
LPG gas fuels especial in place of natural gasepjired to establish the resulted main negative
and positive effects, on furnace operation andrenment pollution. By numerous calculations
resultedeq, Uegp Uegy and a small differencesgm - egp , but in favor of CH representing a
disadvantage for LPG. The main characteristics Wwicien determine important effects are: the
ratio of flame total emissivities above presentde@, theoretic combustion temperatureamd
CO, emission output obtained by combustion. Theeased combustion theoretic temperature
of LPG in comparison with CH(Ty > Tin) represent an important advantage. But the passibl
increase of C@output by combustion of LPG comparative with GHletermines the growth of
thermal pollution, which represents an importansadvantage, for present and future
development of the humanity.
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ABSTRACT

In this work, a turbulent forced convection air flow in a 2D rectangular venturi channel has been numerically
simulated using the Fluent/Gambit software. The viscous model is the turbulent standard k-¢. The results are
presented as velocity, streamlines, pressure and velocity vectors patterns. The turbulent parameters (turbulent
viscosity, turbulent kinetic energy and his rate of dissipation) are also investigated in details.

1. INTRODUCTION

Venturi channels are widely used as scrubbers for particles and gaseous collection from
industrial exhaust [1] or for gas flow rate measurements [2]. Due to their applications, they
are suitable for turbulent flows. Despite this, turbulent studies about venturi channel are
scarce. This situation is probably due to the complexity of the channel coupled with the very
limited turbulent numerical procedures. Among the turbulence models, the k- model [3] is
the most popular. However, it iswell know that near the walls occurs important vicious forces,
the standard k-¢ turbulence model which is suitable for large Reynolds numbers is no longer
applicable. To solve this problem, wall functions must be used to force the first node to be in
the boundary layer [4]. The fluent software coupled with the mesh generator Gambit provides
facilities to solve this problem.

2. PROBLEM FORMULATION

The venturi channel is composed of two iron plates of sections lengths (L1, L2, L3). Theinlet
radius is R, and the venturi diameter ratio is 1/2. The wall plates are subjected to a constant
temperature T,. A turbulent air flow with average velocity U enters at the venturi channel
inlet with an uniform temperature Te. It is assumed that the flow is uncompressible and the
transfers are two-dimensional, axisymetric and steady state.

vy A

O

v

A

rPt+———h < >
L1 L2 L3
Figure 1. Schematic representation of the studied system in the (O,X,Y) referential

3.NUMERICAL SIMULATION
3.1 Mesh

! Corresponding author : 03 P.O. Box 7047 Ouagadougou 03, tel : +226 71258921, sergesigo@yahoo.fr
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Due to symmetry, only the half domain needs to be considered. The mesh is generated using
the Gambit software. The mesh size is very close near the walls to take account the turbulent
boundary layer.

Figure 2. Channel mesh
3.2 Boundaries conditions

-At theinlet

A fully-developed power-law profile (n=7) is assumed for the streamwise velocity. As we
consider the lower half channel, theinlet velocity profileis:

1n
U= u0(1+iJ
R

U, isthe centerline velocity.
(2n+1)(n+1)
2n?

Ue isthe average inlet velocity which is correlated to the inlet Reynolds number Re.
_U,h

De
Dhisthe hydraulic diameter and v, the air inlet cinematic viscosity.
The inlet turbulent kinetic energy K¢ and his rate of dissipation g, can be expressed as[5].

3 2
k,=—\I
e 2(eUe)

5 =Gk

C, isaconstant of the k-¢ model = 0.09
lc istheinlet turbulence rate and | the turbulence scale:

|, =0.16(Re)™*for internal fully developed flows.
1=0.07Dh

-At thewalls: U=0, V=0, K=0, ¢=0,T=T,,
-At the outlet : Outflow boundary condition is imposed.

U,=U,

Re

4. RESULTS AND DISCUSSIONS

In the present study, simulations were performed for R,=0.15m, L1=0.48m, L2=0.1m,
L3=0.72m, Ue=13 ms™, Te = Ty, = 300K.
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Figures 3-4 show the contours of velocity magnitude and the static pressure. The flow
velocity increases in the converging section and reached his maximum at the venturi throat. In
fact, in the converging section, there is a continuous increase of the pressure drop due to the
acceleration of the air velocity resulting of the conversion of the potential energy into kinetic
one. According to the flow rate conservation law and considering the venturi diameter ratio
equal to 1/2, we note effectively that the velocity has doubled in the throat. In the diverging
section, the decrease of the velocity is observed due to the expansion of the channel diameter.
The evolution of the static pressure is the opposite of the velocity and is an agreement with
the Bernoulli law : thisis venturi effect.

Figures 5-6 illustrate the flow structure. The flow is assumed turbulent fully-developed at the
inlet and the inlet Reynolds number calculated with the inlet velocity is about 21.10%
Turbulent perturbations are naturally observed continuously in the flow notably at figure 5.
However, The radical changes of streamlines is observed after the venturi throat near the wall
consequently of the separation of the boundary layer. The part of the channel between the
wall and the streamlines after the throat and toward the outlet appears more perturbed as seen
in figure 6.

Figures 7-8 show the contours of the turbulence intensity and the turbulent kinetic energy
respectively. According to the above, the turbulent kinetic energy and the turbulence intensity
are more important after the throat, near the wall and toward the channel outlet. The rate of
dissipation of the turbulent kinetic energy which is shown in figure 9 is very low in the
channel.

Figure 10 show the contours of turbulent viscosity and confirm the fact that the turbulence is
developing in the venturi channel from de inlet to the outlet. Maximum values are observed
toward the outlet.

5. CONCLUSIONS

Turbulent air flow in a venturi channel was numerically investigated in the present study
using the k-¢ turbulent model. The model has been implemented by the Fluent/Gambit
software. The major results are:

-The venturi effect iswell predicted by the used model.

-The turbulence is devel oping gradually from the inlet to the venturi channel outlet.

-The turbulence intensity is more important after the throat, near the wall and toward the
channel outlet.

Despite these results, this study must be improved by submitting the model and the
computational procedures to different boundaries conditions and different geometries of the
venturi channel.
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ABSTRACT

In the process of friction of two materials ancttie presence of own lubricants, wear phenomeneif its
manifests as a transfer of material from an elenoéra friction couple on the other, this phenomebeimng
characteristic of selective mass transfer procgssitfusion, forming a thin, superficial layer witkuperior
properties, at minimum friction and wear. It's ahd case of the friction couples, steel/copperydildbricated
with glycerin or a special lubricant where certttiat takes place a mass transfer by copper difiugia the
friction surface of the steel. One of the phenomaceompanying material transfer by diffusion in ftietion
process, is and the thermal diffusion. The papatyaps the mass transfer phenomenon through diffusiith
the thermal aspects (thermal diffusion), which Iegdto the formation of soft, thin and superficiayer,
tribological performance and the correlation betwége thickness of this layer and the saturatiegrele of
contact surfaces of the couple friction steel/cogtley (bronze, brass).

1. INTRODUCTION

Diffusion in metallic materials has a fundamentaérin the processes of extraction and
purification of metals and alloys, and in procegdechnology [1, 2, 3].

Mass transport by diffusion is done by moving at@nd therefore, the diffusion in solid
state allows information on thermal agitation o€ tatoms in the crystal lattice and of
structural imperfections present in the network [Bhe knowledge of laws which rule the
diffusion phenomena and mass transfer are impontahie establishing kinetic relationships
[5, 6], through technological parameters corretaticoncentration, the temperature, the
contact duration etc.), which allow a quantitatippreciation of transfer processes and
making possible the intervention in their modifioat for intensifying the process and for
establishing the optimum conditions for carryinguit [7].

It is known that in the solid materials the diffusimechanism is a jump mechanism, the
mass transfer is done through successive, activhezthal jumps of the atoms, from the old
position in a position neighboring atomic, from wface to another. [7, 8]. The way how
occurs the diffusion process into solids is presgntschematized in figure 1, where is
showing the distribution of atoms, in the momemattsof diffusion t =§, when the atoms
which diffuses are uniform distributed in the cahpart (Fig.1a), after the time t £relative
small from the beginning of diffusion and after tirae t = § relative big from the beginning
of this process, respectively how varying with thistancez, the concentratior, of the
atoms alloying at the same moments (Fig.1b). Thetmprobable, diffusion mechanism in
solid solutions is diffusion through the vacancidsthematic, the diffusion in metals and the
solid alloys is described with the Fick’'s laws hedjpantitatively describing at microscopic
level, the mass transport by diffusion [7, 8]. Thst law describes the speed with which is
produces the diffusion and is shown by the relatgpr

J=-D gradc,or the diffusion after @ direction will be:J= D(dc/ 0z), (1)

where: J — the material flow, which diffuses andgas through the surface unit in time
unit, D — diffusion coefficient, ¢ — constituentsncentration.

55



0®0QI00 00|00 O0QO0® ©OO]JOS0O0|0®
20 ® 0|00 ®0|0®00/]00 ®©0|j0O00 GO0
0®®0|00 00|80 0800 OG0C@0O080
®9® 0B0CO0 00|00 O®O|®O0 O0O|® 00 80O
@0 ® 800 08l0® 0S00 0008 oioe
1 2 1 2 1 2

o 0O 00 O
0O 0 00O

' A=t 2 1=y 2 "z 1¢=¢, 22

Figure 1 The diffusion process in solid solutioh®anetal inA (a) and the variation with
distancez of concentration c of the diffusing atoms (b} atoms of the base correspond&nt
(Fe); o - atoms of the diffusing correspondBr{Cu).

The modification of concentration in time is debed by second Fick’s law:

oc/ ot = div(D gradc), and for diffusion after a direction becomest o = D( #c/x2). (2)

For execution, of a diffuse atomic jump is necegstlie existence of a very big
fluctuation of the atom’s vibration energy, cortehwith an adequate synchronization of the
movement atoms neighbors and is realized throughatterage frequency notion of atomic
jump, shown by the relation:

J= -]/Z(voaze Ea /RT). (3)

From the identification of (1) and (2) relationsués:

D =1/z(v0a2e 'Ea/RT):DOe 'Ea/RT, 4)
in which: z - the coordinative number of the netkyar, - the atom’s vibration frequencys
= 10" s*: a — the distance between two atomic equilibriussitions which are adjacent in
the network; & = actuation energy depending on how diffusion oed®, 10]; - the
frequency factor, dependent of the coordinative lpemm(interstitial available positions),
frequency of vibration of particles diffused arfdlte distance between interstitial surfaces.

In relation (4) of the diffusion coefficient, thater-atomic distance in the netwoak
varies very little with the temperature, havingsdovalues for all metals. As a result, the
diffusion coefficientD varies rapid with the temperature and is diffeiardlloys because of
the jump average frequency variation, having valeés10™® cnf/s type and Do is
independent from temperature and for metals and atibys is included between the 0.1 —
10 cnf/s limits [7, 8, 9].

2. THERMO DIFFUSION AND MASS TRANSFER THROUGH DIFFUSIO N

The diffusion mechanism in solids, being a jump hagism, the mass transport is made
through successive jumps from an equilibrium posiinto another. Both forms of diffusion
are possible: self-diffusion and inter-diffusiom fteal solids, the principal mechanisms
depend of the defects and the solid solution tygeys type): diffusion through interstice
and diffusion through vacant nodes. The temperajtadient can lead to mass transfer from
a surface on another when the energetic conditfom® the contact area are ensured.
Similarly to the concentration gradientthrough thermal gradient (Dufour effect) it can
transfer mass from a surface on another. The sdéckt$ differential equation is [9, 10]:

ocl ot= 3l aZ[D(ac/ 6z) +(dul dz)(c/ ag))] for solidsag = Ael "Ea/RO) (5)

with A — constant; - activation energy; R — gas universal constanttemperature.
Differentiating the relation (5) after directiarand neglecting second order differentials,
obtained:

56



&l &= d &D(dc/ z)]-(UR) d 62(DC/6) g/ dz+(UR) d d2(DcEy/09) d iz . (6)

The first part of relation (6)/ &((D &/ @), represents Fick’'s second law in the classic
way, and the other components are effects of testyner (Dufour effect). For solid materials,
the diffusion coefficienD has a dependence of Arrhenius type (s. relatipn\here T =6.

Defining flow concentration)= 3 94 Dz 9)dz t)] and according (4) results [11, 13, 14]:

J=(Dc/RO)(OE5/ 8 Eg/6)do/dz-Ddc/dz. 7)

This relation shows that, ibPE5 / 0 = dE5/ 8, then thermo diffusion doesn’t happen; if

0Eg | 0E5 < 0E4/ 00 ,thermo diffusion occurs from the lowest temperatoréhe highest; if
0Eg/ 8 =0E5/ ), occurs from the highest temperature to the lowtest flowJ may be
null, if the two terms are equal. Using Fick’'s seddaw is inferred differential equation of

thermo diffusion [13, 15, 16]ac/ dt= & [D(z,t)c(z, 1)]/ 622 (8)

If materials of friction couple have different c@mtrations of some of the component
elements and in the friction area there are enerdgetmed conditions and a liquid with
properties which avoids the oxidation and penematf hydrogen, then thermo diffusion is
possible and, as result, relation (8) can be agppker the bronze/steel couple the lubricated
with glycerin, copper can diffuse from bronze, twe tsteel surface forming through mass
transfer of a layer ,servowitte”. If we considelbeonze roughness 1 in contact with steel
surface 2 (fig. 2) with Oz axe orientated in s®afface, then the differential equation of the
diffusion process is obtained from (7).

_'IA}.?‘?\.SQS &M.}.
AN

! !\H Yy §
NN
’//////1///// T | 7
I h ok <~
4008 o1 e,vé o TS
. 5005 m
.. z ! 3008
Fig. 2 Roughness from bronze in FigC@centration’s variation c (z, t) with the
contact with a steel surface: 1-roughness; depth from the surfazend timet in the
2 -surface conditions of masmsfer by diffusion

The equation’s solution (9) is done for the nekiahand on limit conditions:
{Dc=01t=02z>02)Ddc/ 9z= const = m,t>0,z=0;3)c=0,t>0,z— oo, wherem is the
constant mass flux on the contact border and lekuicn:

dzt)=m/VD[2Jt/n e 2 /4Dt -z//D erf ¢(z/2J/Dt)], (9)

To see how the concentratiorvaries with the surface deptrand function time in the
conditions of mass transfer, has been resolvedrgm@sented in a graphic the relation (9)
and then reproduced in Fig. 3, as ¢/m = f (z, t)afdnown diffusion coefficient D = 3 T
m?/s, where it see that the concentration, increasesme and decreases with from the
surface depth. To have a quantitative correlatiotih ihe experimental results has been
represented graphic, also the concentration’s vaniavith from the surface depth after an
hour of friction couple functioning (Fig. 4); andtlvthe functioning time in conditions of
diffuse mass transfer, for depth z u® (Fig. 5) and the sani®, confirming the results in
Fig. 3. A correlation example for the above datesng relation (9) and graphic
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representations (Fig. 3, 4, 5) have allowed thaldishing of copper concentration in steel, ¢
= 0,367 g/cm3, with whose help was possible to inbthe mass flow, for bronze/steel
couple, m= 10° g/nt s, which corresponds as size order with the sjigditerature values.
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Fig. 4 Concentration’s variation c¢ (z, t) withFig. 5 Concentration’s variation c (z, t) with
the depth from the surfazeafter t = 1 hour the functioning timat depth z = 3im

Considering relation (9) it is possible to analydw temperature’s effect through
parameter D (which depends of temperature) on twamiaf copper concentration with time t
and with the depth from steel surface 2. It is ol the very important effect of parameter
m, over diffusion. It is noted that this parametevalues possible to be determined
experimental, are dependent of the used lubricadtthe creation local conditions of the
energetic transfer. The formed local area can lmsidered as a ,membrane” of diffusion
mass transfer [14]. This ,membrane” can be compledpaque and the transfer doesn’t
appears or absolutely permeable and the transi@aismum. The ,membrane” must have
such properties, so that the transfer by diffustdbhe made in both directions.

3. CORRELATION BETWEEN TRANSFERRED LAYER’S THICKNESS A ND
THE SATURATION DEGREE

Defining the layer transferred by diffusion in masansfer conditions as a layer of

thicknessh =k+/Dt  in which was transferred a certain percentagepeopuantity (k —
constant, determined in function of the percentaigeubstance transferred). Considering the
guantity of accumulation substance in the layerthaéknessh (My) and the quantity of
substance accumulated throughout the body héi{it) (¢ > h) (see Fig. 2), by the transfer
determined on the contact arkg results:

Mh =Aclfdz thz and My =Ac 3 dz tz (10)

Replacing in (9)z=h = hv/Dt and u =z/2,/D¢, results My from (10) function®(k/2),
respectively for z = (¢, results M from (10) function ®(k/2),

k/2
wherep(k/2) = (2/Jr) [ e Y du solvable numerically according with table 1.
0
Table 1
Solve numerical a functioq(k/2)
k 1 2 3 4 5 6
¢(k/2) 0.5205 0.8427 0.9661 0.9953 0.9996 1.0000

For £ — oo, results M, = 2m Ac.-t. Defining the saturation degree of concentrat®n
.= M0 = gfr2)- 2 B D Xl 2)-] 1)
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whose variation is given in Fig. 6.
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Fig 6 The variation’s saturation degree of at g. FiVariation of relative saturation degifeat
the copper concentration lmonze/steel surface the copper concentratibronze/steel surface

If a certain saturation degreeg)(@f the steel surface with copper from bronze is
accepted then is possible to determine the constaahd the substance quantity in a
layerh = k+/Dt . Rlative saturation (yof the steel couple with the copper from broree |

g = Mi _ 5 [4+ K2 Jo(kc/ 2)- K2

"M, " (ap+1ol/2/D)1’
and the way how varies wild is presented in Fig. 7.

(12)

The dimensionless parametBr= Dt/I2, similar to Fourier parameter dFin thermal
transfer, it can be explained depending on the etesngeometry of the couple and the
relative sliding, rolling and pivoting speed ance ther combinations. So, for cylindrical
roughnesd (with ray R; and height) with contact on flat circular frontal surface antlich
moves with a relative sliding speed (see Fig. 2), from the ideal flat surface (without
roughness), the dimensionless parameter will Be= D, (8), /v I?, (13)

in which: £; - friction length; Q(0) - diffusion parameter of the roughness materiathe
contact surface temperature.

For the ideal plane surface bf thickness, the material having the diffusion pasten
D2(6), the dimensionless parameter will i2; =D, (8)[2R, / v, h?. (14)

For an unconformable roughness (spherical or cytiad with a punctual or linear
contact), the contact and transfer by diffusioretisrdependent of the real contact area’s size
and the relative speed.

4. CONCLUSIONS

The mechanism of the mass transfer by diffusidonsed of:

- the diffusion and mass transfer of the reactahthe separation limit;

- the physical — chemical transformations at irstest

- the diffusion and the mass transfer of the reagtiroducts from the interface.

At diffusion phenomenon’s analysis and mass transfeecessary to solve the next:

- the conditions for the realization of a certaimmber of phases and the laws which
described the component’s distribution, betweer,tdetermined by the laws of the phases
and laws of the equilibrium;

- the conditions for phenomenon’s development (@jp@nal conditions), determined by
the initial and final conditions of the componeatsd their quantities; the relations between
the component’s concentrations and quantities bia&reed from the mass’s conservation law
(material balance’s equation);

- the conditions which determine the diffusion spaad the mass transfer’s speed from
a surface on another and its dependence of therelite between the equilibrium
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concentrations and operational, of the system'gsighl properties and of the thermal
conditions from the contact area.

The phenomenological analysis of the main aspeots the friction area allows the
explication of the diffusion mass transfer’s chagastics.

It is estimated that the variation of the thermahditions, both in time and in the
proximity of the friction area is the principal cauof the diffusion mass transfer, if the
lubricant pellicle avoids copper oxidation, andstinas demonstrated through the analytical
calculation of the thickness transferred layer'sefmo diffusion in metals and alloys can
have place only through the crystalline networktlesurface or at the grain limit.

Many investigations showed that thermo diffusi@velops the fastest at the element’s
surface, a bit slower at the grain’s limit and st@wvest in the grain’s volume.

So, thermo diffusion at selective mass transfex ssirface diffusion and this fact makes
that the transfer of metallic particles, which éteased in a relative short time, function the
friction conditions (pressure, speed, and tempezatu

The friction conditions influence direct the theinflow and its evolution, so that the
diffusion mass transfer is an example of positiaf-adjustable of the tribological
phenomenons.
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HEAT WASTE RECOVERY FROMCORROSIVE FLUE GAS
STREAMSUSING AIR HEATERSTHERMOSIPHON TYPE

lliya lliev, Ruse University

ABSTRACT

One of the most important factors, determining éfiiciency of the boilers operation is the
temperature of the exhaust gases. In the energgnggenerators that use lignite coals with high exoinof
moisture and sulfur, the excessive lowering of ghs temperature leads to low temperature corrosion.
Warmed air is supplied beforehand in the air heaterregeneration of gases is used so this negative
occurrence in the air heaters first level can b@dmd. All of these methods partly solve the prohléut
at the cost of lowering the energy conversion &fficy of the steam generator.The new technicatisolu
for the construction of the air heater for indudtsteam generator ViessmannVitomax 200burningyheav
fuel oil is shown. The prospective results fromfatiént work modes in the air heater are preseriied.
possibilities are analyzed to avoid the low - terapge corrosion on the heating surfaces of thbester.
Cost-effectiveness analysis is made of the nevesiter.

1. INTRODUCTION

The utilization of waste heat from the exhaust gask the steam generators leads to
increasing their energy conversion efficiency. Tglgun most cases the “non-project” lowering
of the temperature of the exhaust gases is cotestrlry the possible corrosion processes, which
can greatly shorten the life cycle of the utilizatgair heaters, economizer etc.). From all of the
methods for protection of the low temperature hetatgfaces, the most effective are connected
with the heightening of the metal work temperatowver the sulfuric-acid dew point, operation of
the air heater in the area with low corrosion @ torrosion curve [6] and burning of the fuel
with minimal coefficient of excess air. From théed three, the first methodis the most reliable.
The condensation of the water vapour is most plesgibmodes of start and in minimal boiler
loads, i.e. in lower temperatures of the produ€the burning. However these modes take up a
very small part of the total boiler runtime and wlbwer loads the process of the corrosion is
significantly weakened.

From formula (1) for determining of the local temgtere of the work surface of the air
heater:

)=+ 2 ®

a,

It follows that in the given conditions for heatjrthe temperature of the wall in the coldest
part on the entrance of the air in the air heatgpedds on the temperature of the air on the
entrance () and the coefficient of heat transfer from thelwalthe air @,). Therefore to

raise the temperature of the wall and to avoidltiwe temperature corrosiort( ) needs to be
increased andd,) needs to be lowered. However the latter is coptia the general trend for
creating of package — model heating surfaces.

! Ruse, Bulgaria, e-mail: iiliev@enconservices.carell phone: +359 887306898
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Universal method in accordance to prevention of gasosion is the approach with raising
of the air temperature on the entrance in theeatdrs, which actually takes place with the use of
steam air heaters or by recirculation with hot fhases. It should however be noted that with the
use of the air heaters high enthalpy energy esitspo the low potential heat can be utilized, and
the second approach is used to decrease the egresyy conversion efficient of the boiler. In all
of the outlined methods connected with the raisamgyperature of the air at the entrance in the air
heater as additional measure is recommended tlaeadiem of the “cold” part in separate section,
in which the corrosion processes are the most sintenin this way the reconstruction processes
are forgiven and are cheaper, because only theaesection is changed. For example with the
regenerative heat exchangers for their operatigmaiiod to be expanded and for the comfort
during repair the elements of the “cold packaggirisduced with width 1-1,5 mm instead 0,5 —
0,8 mm for the elements of the “hot package”.

2. METHODOLOGY

Promising direction for waste heat utilization bétexhaust gases of the steam generator of
industrial and energy boilers is in the qualitytbé used additional air heater heat exchangers
with intermediate heat carrier, i.e. with two-phésermosiphon [2, 6]. This type of air heaters is
installed in the “cool” part on air heater firsv&, where the wall temperatures of the pipes is
between 80+16W. For lowering of the pollutions and corrosion dre tpipes when burning
heavy fuel oil with excess air in the combustibrmbera,, >1,04, the minimal temperature of

the wall must be maintained over £25but with a,_<1,03 the wall temperature can be 80685

According to the methodic for Heat calculations bafilers according to the Normative
Method [5], complete exclusion of low temperatuograsion is provided when the temperature
of the wall in the coldest area is higher thand&es point in all loads of the boiler is with 50
higher (minimal values are for the minimal load).

According to the same methodic the minimal wall penature of the pipe air heaters, for
which are also the thermosiphons,is calculatedrdaog to the formula:

ind
min Yo '
a2 +a, b

= ——.C @

al.$+a2
d
1

wheret!, is the medium temperature of the air in the aiat@gC; t;“‘,j";1 is the minimal
temperature of the exhaust gases, described by:

to =t + Kot —t ), C 3)

K" iscoefficient, which is determined by [5, (fig.3).

For heightening oft""it is appropriate an asymmetry of the inlet air pematures to be
createdin height of the first strokeincreasing frimm to bottom.

Increase of the air temperature witf@®eads to increase df"=6°C.

In regenerative air heaters the heated surfadeeottianged part is chosen by the conditions
of settlement to ensure there are no corrosive ggg®s. Therefore the minimum accepted
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temperature for the wall of the not changed “haditpf the regenerative air heater (RAH) with
nominal load of the boiler is estimated by the folan5]:

tmin - X:L'al'tgas + Xzazlair (4)
" X, + X,

wherexq, anda, - coefficients of heat exchange in the “hot paW!(m®.K);
tesandt, are temperatures respectively of the gases oextihef the “hot” part of the RAH and

the air on its entrancéC; x,andx, - share of the heating surface or section, ciftuent
respectively by the gases and air.

During the burning of heavy fuel oil, the temperatof the exhaust gases in nominal mode
is accepted in accordance to the content of suiftlre heavy fuel oil [5].
3. DESCRIPTION OF THE BASELINE
3.1. Air heaterswith heat pipesfor energy boilersburning lignite coals
The used coals from the coal basin “Maritsa Easttharacterized by low calories, high
moisture and high content of sulfur. In table 1 ¢hementary content of coals is shown and its
burning heat(LHV).

Table 1. Elementary content of burning lignite soal

C,% |H % |[S % |0,% |N,% |A,%/| W,% |Qklkg

19.02 1.60 1.92 5.70 0.33] 16.28 53.50 6243

With enough accuracy for the practice,the theoaétiemperature of sprinkling can be
described by the equation [1,5]:

ty = Aty +1, o, ®)

where: Atgp[OC] — theoretical temperature difference between dlo&l temperature of the

sprinkling of the gases and temperature of condemsaf the water vapour;
tho [°C] - temperature of sprinkling of the clear watapeur;

2003/s],,
— 0

r ! y 6
1.25% A ©

where:a,,- the share of the blown away with the ash;@®d A,,- adapted content of the sulfur
and ash relative to 1000 kJ/kg from the heat ohimgr of the coals [5].
Following these formulas for the chosen base feebaling to Table 1 the theoretical

point of sprinkling is reachedAtgp =141.6 °C The experimentally measured values with drill
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confirm the theory.Until the installation of thewmeair heater with heat pipes (VP-TT), the
temperature of the exhaust gases is maintainedmit85+196C, with loads lower than the
nominal, and energy conversion coefficient of tteas generator -8§B82%.

Steam generatorNe5, 6, 7and 8 were equipped with pipe air heaterbarizontal type.
According [5] the temperature of the entering ia ttorizontal — pipe VP-I level air it should be
higher than 88C, and according to [6] respectively -°@6 However in the practice the average
temperature of the air at the entrance in the ptegl -1 Level is maintained around®0 with
methods lowering the efficiency of the burning s i.e. by recirculation of the hot air in the
furnace.

3.2. Air heaterswith heat pipesfor steam generatorsof heavy fuel oil:

Experts from the department of“Technology of thatev and fuel” in Moscow Power
Engineering Institute (The Technical Universityjenfchoice of temperature of the exhaust gases
after the boiler, where low temperature corrosie@esinot go over some accepted value. The
presented below “on-line” calculations from the wigd of the Moscow Power Engineering
Institute (The Technical University) [6] define tbptimal temperature of the exhaust gases with
accepted speed of corrosion, which is at 0.2 mmlyeaDuring the calculations, the
characteristics of the heavy fuel oil with diffetesulfur content are set, usually used as fuel for
industrial steam generators.

Corrosion curve for tubular air heaters

1.6

14
— G =1%

12
—r=2%
Sr=5%
—r=4%

Sr=3%

corrosion rate, mm/year
o
0o

0
® ® P P P P O 0 D 9P o P WO P P

Wall temperature of the airheater, °C

Fig. 1. Dependenceof the level of corrosion ontémeperature on the surface of the pipes of the
air heater of the industrial steam generator Viessnvitomax burning heavy fuel oil.

The graphic dependence shows the limit valueshertémperature of the surface of the
steam generators with chosen speed of corrosioa.chiemical analysis of the heavy fuel oil
showed that the content of the sulfur in the wodsmin the fuel does not go over 2%. Therefore
with the chosen method for utilization of the walséat from the gases, with installation of pipe
air heater can be achieved increase in the enemyecsion efficiency of the steam generator in
nominal mode with 2.9%, but on the condition thaspeed of corrosion is accepted at 0.2
mm/year. Because the pipe air heaters are mantgactusually with pipes with wall width
of1.6+2 mm, this should mean that the pipe airédreatll be in operation for 2-3 years. Of course
such investment is justified, but very risky.
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Alternative method is offered for utilization ofelheat from the exhaust gases for boiler
Viessmann vitomax 200burning heavy fuel oil. The method includes useaiofheater with heat
pipes of thermosiphon type [3], where the expereiscused from the realized in the period
2003+2005 four air heatersin TPP “Maritsa — EddibR steam generators type PK-38, burning
high moisture sulphurous lignite coals [1,2].

Comparison is made between standard horizontal-pipeheater and the offered for
implementation in Tiger Corporation town Pirot (§a) air heater with heat pipes (AH-HP)
regarding the corrosion safety of the pipe surfadé® last lines on the way of the gases are
studied, which are exposed to the most dangerowesnd he only criteria for prevention of the
corrosion processes on the pipe surface is thasitemperature of the walls to be higher than
the temperature of the dew point of the flue gasedl modes of work of the boilers [1, 4, 5].

In table 2 are presented the results from the Eked “thermodynamic dew points” using
the empirical formulas, with different sulphur cent in the elementary content of the heavy fuel
oil, calculated according to the Normative Methdd)([5].

Table2. Dew point temperature for different sulpbointent of heavy fuel oil

LHV=41 GJ/t; asses air rate in chamber 1.15 Sulphur contentin heavy fuel oil, S', %
S'=1% $'=2% |s'=3% |S=4% |S'=5%
Dew point temperature [5], °C 108.8 124.4 1354 144.1 151.5

Following these formulas the chosen base fuelQ%; LHV=41GJ/t) for steam generator
Viessmann vitomax 200according to formulas (5,6) (look at Table 2) thedretical dew point is

tgp =124.4°C.
Full calculations are done for the surface tempeest of the wall of the air heater with

heat pipes (AH-HP). For the bunch heat pipes, #meperature values of the pipe surface are
presented in Table 3.

Table 3. Temperatures of the surface of the pip&8eTT with different temperatures of

the inlet air
Temperature of the inlet
Indicator air. ginletair 0c
o°c | 20°% | 30% | 40°% | 50°
Wall temperature of the top row, tu", oc 170.3| 173 [ 175.3| 179.4| 182.8
Wall temperature of the middle row, tm 4, °C 141.9( 144.5| 146.8| 150.8| 154.1
Wall temperature of the bottom line, tl‘),f,)ttom, o 113.5| 116 |118.3|122.2| 125.4

The analysis of the analytical results (Table Jveh that in mostly all of the presented
modes, the pipe bunch of VP-TT will work in conditswithout safety from corrosion processes,
excluding the cases when the starting temperafutteecheated air is under 20 However such
cases are exceptions due to the air that is suckedhe room, in which the steam generator is
placed. If, however for some reasons the sulphuntectd in the fuel is raised, a danger of
corrosion exists, but only on the last lines of leat exchanger. Therefore when constructing the
air heater the last line is projected in the dicecbf the gases to be filled with thick wa85/5
mm.
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4. BENEFITSOF THE IMPLEMENTAATION OF THE PROJECT

In the period 2003 — 2005 during the planned retooson in "Maritsa — East -2” are
realized four additional air heaters with heat pipeith patented technology [2] for steam
generatord\e5,6,7 and 8(PK-38 typewithsteamproductionof 250 t/h
After the installation of the replacement air hesitg/pe “heat pipes” after VP —I Ivl, the flue
gases are cooled to 170+265 The energy efficiency coefficient of the boiler riaised with
>1.7+2.3% and the annual fuel economy only for boéer is in the amount of 16000 tones.
Another important advantage of the air heater Wweht pipes is (unlike the previous horizontal —
pipe VP — 1 Ivl) that on the surface of the pijieshe gas part a temperature is maintained,
higher than thedew point, which eliminates the fmigy for corrosion processes. The resulted
warm air after VP-TT is lead to the mixer unit vatit the need in this case to be used hot
recirculation (exclusion make only some extreme @soaf work of the boiler). From these some
major economies are done from production costajedisas keeping the normal technical state of
the VP-1 for longer time without problems of embieddand corrosion in the starting area of the
horizontal pipes.

5. CONCLUSIONS

1. The implementation of AH-HP minimizes the use afinreulation in the pre - heating of the
cold air;

2. The tests show that the air heater with heat ipelsHP) has a sufficiently high surface
temperatures in the gas part (> 45)) which makes its operation safe in terms of
corrosion activity. Surface temperatures are sicguittly higher  than  the dew point, and
which conforms to the anticorrosion mode.

3. The heater with heat pipes (AH-HP) will provide tieg of the outside air from 25+35 to
110+148C, with guaranteed anticorrosion mode for ABiahd AH-2"

4. The implementation of AH-HP does not require retmasion of existing air and smoke
drawing fans;

5. The designed air heater with heating pipes givegh hevel of utilization, and for specific
steam generatdviessmann vitomax-200the utilization power in nominal mode goes to 335
kW, and the air for burning is heated from 20 t@°00 with cooling of the flue gases from
220 to 166C;

6. The exploitation period of the AH-HP exceeds 10rgea
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BENCHMARKING THE ENERGY PERFORMANCE OF SIX
CAMPUSES OF RUSE UNIVERSITY

llia lliev', Ruse University ; Veselka Kamburova, Ruse Unitgrdngel Terziev, Technical
University of Sofia

ABSTRACT

The object of the study is benchmarking of energsfggmance of 8 campuses of University of
Ruse on the base of performed energy audit. Untyetampuses are heated by central heating and
the costs for heating are significant. To reducatihg costs and identify energy efficiency measures
energy audits were prepared for 6 of the Universiynpuses. The thermal characteristics of the
buildings envelope were determined. The factord tmake an impact on the specific heat
consumption are determined. Regression analysicaraducted to establish there lationship between
the studied parameters. A comparison between #rendl characteristics of the individual campuses
is made, as well as conclusions on the state dcrthielope of each building are presented.

1. INTRODUCTION

According to the analysis made, buildings are ointhe largest energy consumers. The
data for the European Union shows that 40% fromwthele energy consumption comes from
the 160 million existing buildings in Europe andl 3fom the consumed energy is used for
heating and cooling.

The households and business in Bulgaria consumsdasmably more energy for heating
and cooling compared to Europe. According to theemdy for Sustainable Energy
Development (ASED) the consumption of energy intibasing sector is more thanl/3 from
the whole energy consumption in the country.

University of Ruse’s costs for heating are alsmidicant. In the last three years the
University has spent for heating an average of MWh per year.

The only possibility to reduce energy used for imgabf buildings with out causing
deterioration of indoor thermal comfort is by irdting a number of energy efficiency
measures in buildings - the main point being rétm§ and the replacement of window
frames as well as update of the building heatirsjesy

2.RESULTSFROM THE ENERGY AUDIT OF SIX OF THE CAMPUSES OF
RUSE UNIVERSITY

The subject of the energy audit was the buildinighe Rectorate and the campuses 3,
6, 7, 8 and 10. In Table 1 are shown the main mgldharacteristics of the audited buildings,
as well as the year of their commissioning [2, 354and 6]. The views of campuses are
presented in Figures 1 to 5.

17000 Ruse, Bulgaria, 8 Studentska str., Ruse, ph8b@ 887 306 898; e-mailtiev@enconservices.com
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Figure 3.Views of the Campus 6
”TV &

Figure 3.Views of the Campus 7
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Figure 5.View of the Campus 10

In the survey conducted detailed analysis is mddbeeoexternal envelope of buildings -
exterior walls, windows, floors and roof. The vaaé the thermal transmittance U of
different types of envelope are calculated takintp iaccount the thermal conductivity of
building materials and the heat transfer coeffitseon the inside and outside of the building
element. Controlled measurements of U were condufte different types of walls. The
results from these are close to the calculated.dné&sable 2 are provided the average values
of heat transfer coefficients for different builgshand areas of the envelope [2, 3, 4, 5, 6].

Table 1: Main building characteristics of the aadibuildings

_— Year of Built-up area, 2 ,| Gross Heated
Building commissioning m Total floor area, m“| Heated area, m volume, m?| volume, m?
Rectorate 1959 4278 16,108 16,10B 70,088 65,405
Campus 3 1911 2,141 3,03 3,038 16,958 14,493
Campuses 6 and 7} 1969977 1,365 5,46 5,46D 21,418 18,759
Campus 8 1959 1974 1,630 3,67 3,67R 14,429 11,724
Campus 10 1972 1984 1,67( 3,37 3,37p 10,561 9,505
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The campuses of the Ruse University are heatedogitkral heating and thermal energy
Is purchased from Thermal Power Station "Ruse Hast'the measurement of the consumed
by the buildings heating energy only one metersisdu In practice the quantity of consumed
energy by each of the campuses in question ismi/k.

Table 2:Average values of heat transfer coefficients féfiedent buildings and areas

Walls Floor Roof Windows Total
A, m? U WI(MK) A, m? U WImkK) A m® U wW(mK)| A m* U wm’K)| A, m? U, Wim)
Rectorate 5066 14 5494 0.42 4211 0.8 1934 2.3] 16705 1.0%87
Campus 3 2130 1.2 2142 0.42 2025 1.41 890 3.7 7187 1.3363
Campuses 6 anc | 251« 1.z 134 0.2¢ 134 0.€ 667 2.4¢ 587t 1.043¢
Campus 8 1186 1.32 1647 0.4 1633 0.72 694 3.3 5160 1.1968
Campus 10 1035 1.61 1170 0.64 1168 1.58 704 3.0B 4077 1.5682

A model study is performed of the energy consunmptio all buildings subject to the
audit, based on the method from BDS EN 832 by usiagoftware product ENSI.

For this purpose, each of the campuses is regaslesh integrated system in which the
different factors and different systems affectiieroclimate (occupants, external enclosures,
climatic factors, energy sources, etc.). When argathe model it is accepted that each
campus is to be seen as a thermal zone. The mardetslibrated and normalized.

The results for the consumption of thermal eneayyhieating for all of the campuses are
summarized in Table 3.

Table.3:Consumed thermal energy

Buildings kWh/m?yr. | MWh/yr.
Rectorate 71.8 1156
Campus 3 187.2 569
Campuses 6 and 85.7 468
Campus 8 99.5 365
Campus 10 109.7 317

Analysis of the results shows that Campus 3 hashipbest value of Energy Use
Intensity (EUI) for heating(kWh/fyr). According to the data shown in Table 2, thasnpus
has generalized heat transfer coefficient with 1&®#@ller than campus 10,and its specific
energy consumption is 70% higher than that of catuThat is also the reason why such
analysis of the factors that affect the specifiergg consumption is done.

3. REGRESSION ANALYSIS

Comparative analysis of the results for consumedt ltan be done by using an
appropriate regression model. The first step inpgration of this model must be the
elaboration of the factors that affect the consurhedt for heating and cooling of the
campuses. Generally, the biggest impacts make wtirfaectors, but in this case it will not be
taken into account because the campuses are load®sl dozen meters apart. This means
they are in the same climatic conditions.

The main influencing factors that can be taken atoount when developing the model
are:

e Internal temperature;

» Form factor — the ratio of the total area of theedope structures and elements to the
heating volume;
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* Relative size of windows;

* Average U-value;

* Thermal energy from residents;

* Thermal energy from internal sources of heat;

» Duration of operation of the campus (age).

At present, information was collected for the abéa&ors, but it concerns only 5 of the
viewed campuses. Thus the number of the influenfantprs should be reduced in order to
obtain adequate results from the regression asalysthe overlooked campuses temperature
is maintained at19°Cduring working hours and itpdrdo 14C. All of the buildings are
considered learning campuses, so the values offfmatoccupants and heat from internal
heat sources are very similar. Overhaul and remmvadf buildings are envisaged, and
therefore at present this factor will not be in@ddn the regression model.

In Table 4 the values of the impacting factors@vided, which are used in the model:

Table. 4:Values of the impacting factors

Thermal Form Eactor Relative | Average

Energy, mZme | Wwindows U, Heat from
CEITIpUE KWh/m?/yr area[] | WImK) | " ollfnnzts,

Y X1 X2 X3

Rectorate 71.8 0.26 0.13 1.0387 18.7
Campus 3 187.2 0.50 0.293 1.3363 8.1
Campuses 6 and 85.7 0.30 0.12 1.0438 9
Campus 8 99.5 0.45 0.189 1.1068 6.9
Campus 10 109.7 0.39 0.121 1.5682 7

A regression analysis is conducted, in which arangred the potential linear and
nonlinear models. The analysis showed the followmglels as suitable:

Y =exp(aX,+bX, +cX, +d) 1)
Y =aX,+bX,+cX; +d (2)
Y =aX, +bX, +cX, (3)

The smallest sum of the average quadratic erroobserved in model (1),therefore for
further considerations this model is selected.

Y =exp(-0.164.X, +4.1595.X, +0.7442.X, +3.0535)

(4)

Residual Sum of Squares = 166.936; Adjusted cdefficof multiple determination (Rpa=

0.9177

The analysis of the resulting model (4) shows thetior 2 is with the highest weight (relative
size windows), next in influence is the average haasfer coefficient and the third-the form
factor, where the dependence is inversely propmatiolrable 5presents a comparison of

actual and model values of the specific heat i@téhle 5 campuses that are under
consideration. The largest deviations occur indings with the lowest value of the specific

energy consumption.
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Table 5.Comparison of actual and model values ®@tgecific heat rate
Y CalcY | Residual | % Error | Abs. Residual | Min. Residual | Max. Residual

71.8 78.80613| -7.00613| -9.75784 | 7.006127301
187.2 186.3145| 0.885451| 0.472997| 0.885450946
85.7 75.3896 | 10.3104 | 12.0308 | 10.31039644 | -7.006127301 | 10.31039644
99.5 102.739 | -3.23905| -3.25533| 3.239048958
109.7 110.2205| -0.52047| -0.47445| 0.520470689

The value of the relative area of windows;)’énd that of the U-value for windows
(3.7 W / (nfK) of Campus 3 is the biggest. This leads to adamjue of the average U-value
for the entire envelope of the building.

Small values of X are observed in Campuses 6 and 7 (0.12), camp(8.1®1) and
Rectorate (0.13). For the Rectorate and Campusasd67 also the lowest values of the
specific energy consumption for heating are idexdif The exception isCampus10,which
shows the highest values of U-value for walls, raofd floor and therefore the biggest
average U-value. Never the less this building hamifecantly lower specific energy
consumption for heating compared to Campus 3 dtieetoelative small size of the windows.

4.CONCLUSIONS
In this paper a benchmarking process is developetyumultiple regression. A benchmarking
table is derived from removing the effect of sigraht factors using the regression model.
The comparative analysis can be used to deterntieechange of the specific energy
consumption in case one of the influencing factbr@nges (e.g., an average U-value), as well
as to predict the specific energy consumption fbeouniversity buildings.
This is the first step for these researches anddbeession model can be improved in the
presence of data from energy audits of other mgjsliof the University.
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TESTING OF A 620 KW BURNER FOR SAWDUST IN SUSPENSION
AND GASENRICHED IN HYDROGEN (HRG)

L. Mihaescu, E. Pop M. E. Georgescu, G.aziroiu, I. Pka, G.P. Negreanu, C. Ciobanu,
Politehnica University of Bucharest

ABSTRACT

For extending the use of biomass in electricitypat) high thermal powers (over 1MW) are
necessary. These thermal powers can be achievelldmging the solution of suspension burning in
equipments similar to pulverized coal burners anjection of gas enriched with hydrogen (HRG). In
the present research we study the influence of Hf8tion over the sawdust combustion process.

1. INTRODUCTION

The biomass has been used at the beginning edpacialome burning equipment with
low efficiency. In the last time it has been deyeld heat generators of low and medium
power that burn various types of biomass (foresjscultural waste) with high efficiency and
low residues.

HRG injection before the burner has been proposedrder to support the ignition
process. HRG is obtained through water electrolgsis it represents a mixture of atoms and
radicals (H, OH, O, Hg) having the low heat value of hydrogen (10760N«?). The HRG
is produced by a generator having a maximum volfioverate of 4 Nni/h [1].

For extending the use of biomass in electricitypatithere are necessary high thermal
powers, over 1MW which can be achieved by chooiegsolution of suspension burning, in
equipment similar to pulverized coal burners.

An important part in the fuel cost is that conndct® the storage and to the
transportation of the fuel. These economical cakiohs are necessary in determining the
costs of the heating of spaces using biomass. dpesator cost shows the advantage of
suspension burning of sawdust and wood sliversyev®g has much diminished.

2. THE BURNER CONSTRUCTION

In principle, an installation to burn sawdust inpalverized state has the following
components: a fuel bunker, for an autonomy rangetof6 hours, a pneumatic system to feed
the sawdust to the burner, a primary, secondarytentiiry air fan and also a flue gas fan.
The burner ensures a flow of 0.5 kg/s of sawdustjrty a 14115 kJ/kg calculation calorific
heat value.

The elemental analysis of the sawdust was:

C'=42™, H'=4™, O =363%,S =006, N =1%, A =55%, W =98%
A complete automatized boiler, with moving fireatgr has the following auxiliary

electrically acted: combustion feeder, acting mgwmnate, ash and slag discharge, air fan, gas
fan.

L UPB-FIMM, Splaiul Independentei 313, email:elema@@upb.ro
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For the suspension burning of sawdust, the feedorgbustion is a pneumatic system

from the air circuit, thauxiliary acting installations being:

* Airfan

* Gas fan

» Slag discharge

It remains as disadvantage the necessity of snrakrmsion combustible particles, in the
range of 1-3,0 mm. In nowadays technical stagectlhee few firms concerning with this
problem, one of them being Sagdké As a result the membeos Thermodynamics, engines,
thermal and refrigeration equipments DepartmenUoiversity ,Politehnica” of Bucharest
proposed the construction of a burner for sawdumt wood slivers, in a modulating
conception, starting from 600 kW thermal power. Thener is a multiple air swirling type.
The HRG contribution is 20 kW resulting a 620 k\&tileg power.

3. CALCULUS

For the beginning, the project of the burner nettiretic considerations about the
combustible particles moving in the air flow andaathe burning velocities.

The efficiency of suspension burning (in air flodgpends on the ratio between the
combustible particles velocity yWand the burning velocity 4 and it also depends on the
residence time in the furnacge.

For a swirling flow, with upward air circulatiorhe velocity of the combustible particles in
the air flow is written bellow:

05
(PP,
W, —kpd(p—] m/s (1)

a

where: k = 254, d [m]- the diameter of the particles, and p,, [kg/m’- the density of

particles and air.
For the wood slivers the imposed values were 0,002 m,p, = 850 kg/m, p.= 0,85

850- 085
085
The velocity of the consumption of biomass p&tihas two components parts: the

emission and burning of volatile substances ane takning. The wood biomass has 60-70%

volatile matters from the total combustible matter.
The velocity of the carbon consumption is:

05
kg/m® having as a resulw, = 254[0002( j =16m/s

° _ m/s (2)

where: r=%- the coefficient of stoichiometric transformingOC[kg/m3]— the oxygen

concentrationg [ m/ s]- the volatile burning velocityS[ m/ s]- the carbon burning velocity.
The burner has the next characteristics:
e Thermal power: max 600 kW,
* Reduced weight (under 50 kg);
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» Self-supporting construction (all subassembliesnagteled with the central channel of
primary agent, which sustains the entire constoagti

* Radial dimensions that permit to implement the burm the furnace (furnace
embrasuré]168).

The thermal normal operation of the fluids is ie tlext domain:

» The primary agent temperature (60°@}) this value is imposed by the humidity of the
biomass at the entrance of the feeding systemrentemperature of primary air.

« The primary air temperature is between 150°@0@epending on thermal load. To
avoid an accidental ignition of the biomass (of ¢neitted volatile matters of biomass
in contact with the heated primary air) it can b&edi a dilution of the oxygen
concentration by recirculating burnt gases.

» The secondary air temperature, 150-220

« The tertiary air temperature, 150-220

The primary air represents 30-40% of the totahacessary for burning. This air has the

aim of pneumatic transportation of sawdust parieed also ensures the ignition and burning
of volatile substances, which ensure the burninfixatarbon of the wood matter of sawdust.
The excess air ratio at the end of the furnaceypmsed at the levet = 1,25.

In figures 1a and 1b is presented the construateakl.

The burner has multiple swirling flows for the sedary and tertiary air. The wood

biomass and the transportation air are introdugetthd central channel un-swirled.

Figure 1b The sawdust burner-lateral view
Figure 1 a The sawdust burner-front view
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Figure 2. HRG Injection system
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Figure 2 presents the HRG injection system plaefdrb the biomass burner. Thus, the

flame results also as a biomass-hydrogen co-comobystocess.

The axial blades at the end of central chieswil the secondary air.

A primary air to the secondary air ratio #-90.8 is proposed. The excess air ratio at the
burner level is imposed in the limits= 1.2+1.25.

The burner has also a system of swirling édafr each of the air circuits.

The primary air velocity is recommended toe= 25 — 35 m/s, for the secondary aig W
= 30 - 35 m/s, and for the tertiary airs¥20 — 30 m/s.

An alternative for the axial blades system using waith radial blades is proposed. The
swirl ratio used for different jet categories wdsl@ for the secondary air and of 5.4 for the
tertiary air.

The characteristics of burner working are:

1. The thermal support combustible quota:
* Gas volume/ sawdust mass:

quBg/B (3)

where: B [Nm*h]- the HRG gas flow capacity used as thermal stipB[kg/h]-the sawdust
flow capacity. The calculus of sawdust flow capaaias B =80 kg/h.
* Thermal quota:

B
Qs = Bgﬁfgf’ (4)

where: Q — the calorific heat value of the thermal supgas (Q = 10760 kJ/ Nr), Q- the
calorific heat value of the sawdust.
2. The pneumatic transportation capacity of sawdusinfithe stoking bunker to the
burner, defined by volumetric concentration of lagvdust in the air transport.

()

where: V, -the air flow capacity for pneumatic transportatigys mass ratio, the sawdust
concentration for transportation is:

w=_B (©6)
V. [p,
where: pa [kg/m’]-the density of the air for sawdust transportatiectified for the real
temperature).
3. The thermal load of the burner embrasure
g =22 ;Bg Qs wine (7)

where: Q[kJ/kg]- the calorific heat value of sawdust[rf]- the aria of embrasure (for the
embrasure diameter of 168 mm, the aria is 0.092 m
4. The thermal load of the furnace volume compared thighproject one is:
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_B@Q'+B,®,

\V/ b
f

KW/ m? (8)

where: \f — the active furnace volume.
r:rI'T?'he designed thermal load of the furnace volume thasvalue g = 41 kW/nt (Vs
=10nT)

4. EXPERIMENTAL RESULTS

The experimental tests aimed to find the igniti@paxcity and burning efficiency (in
pulverized state) in an energetic medium powealtaton.

The tests were made in the pilot furnace of 2 MMWVUPB, Thermodynamics, engines,
thermal and refrigeration equipments Departmesigre it was implemented the new burner
for wood slivers and multiple swirling jets of 620kthermal power. Figures 3 and 4 presents
the sawdust burner placed in the front of the diatace.

Figure 3. Details of assembling the burner Figure 4. Front view of the boiler

Figures 4 and 5 present the flame in theaten visualized from the back visiting door or
the furnaceusing a digital camera. It is noticed a strongrisiy and radiation of the flame,
similar to pit coal flame.

Figure 5. The general aspect of the flame evolution

The thermodynamics dimensions measured in the flantealso the general aspect of
the flame show an intensive burning which recommseha burning technology.

The technology of suspension burning of sawdudt watirling burners makes possible
the increase of power from medium to high energydpction. So, if the tested burner has a
thermal power of 620 kyyfollowing the principles to realize it, the powean be increased to
3MW, for the next burners.

The coupling of more burners permits the achieveroésteam generators or hot water
boilers with power ovet0 MW:.
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After processing the experimental data, resultedctmaracteristics already presented in
»Calculus” method.

1. The thermal support combustible quota

Gas volume/ sawdust mass:

- the maximum value), = 005m>v/kg sawdust
- the minimum valueg, =0 Nm*kg sawdust
2. The pneumatic transportation capacity
The sawdust mass concentration in the transpamtativ was: ¢ = 024 kg/m*and
cL = 019 kg/kg.
3. During the tests, the air excess value were:
0, =12-66%
A =106-145
4. The carbon monoxide emission was:
CO=19,8-43mg/n?
This value is incontestable lower to that of thgelaburning technology. The NO
emission wasNO, = 375-387mg/nr’.

3. CONCLUSIONS

The designed burner successfully achieved the tagrdhal power 620 kW, for a sawdust
flow capacity of 80 — 85 kg/and 4 Nmi HRG.

In all these stages the flame had high temperatanesar to pit coal flame working with.
The flame had high brilliancy aspect and filled #mgire furnace volume.

Under the influence of HRG the burnimgas stable and the emissions were low. The CO
emission, which is high when using layer burningnbass, was extremely low, under 40ppm,
when using suspension burning sawdust. This aspkets an advantage to suspension
burning of sawdust as also the possibility of high@wver achievements.
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RESEARCH ON THE PULVERIZATION QUALITY REFERRING TO
THE ENERGETIC USE OF RAW VEGETABLE OILSOR VEGETABLE
OILSMIXED WITH FOSSIL FUELS

Drd. Ing. Niculescu Bogdan

In the category of alternative fuels we also haveake into account raw vegetable oils
and those doped with liquid fossil fuels. Analyzitg energetic characteristics of vegetable
oils, the result consists of their great resemldanahose of fossil liquid fuels.

The research conducted on the aspect of the pe&tenmn characteristics aims to
analyze the possibility of using conventional teabgies for the burning of vegetable oils —
the spray pump.

When using the spray pump, the viscosity is reconted to be between 1.5 and 2.5
(0.0676 to 0.1575 cfi s). These values of viscosity for raw vegetatile can be obtained at
temperatures above 5Q. Consequently, the viscosity of the sunflowenaities from 0.125
cn/s at 80C to 0.0874dts at 180°C.

Lower values of about 30-40% are obtained from cam oil and canola oil. In terms
of raw oil viscosity, it does not mark very disslanivalues from the light fuel as, nowadays,
the electrical preheating temperature can be easlityeved by heating in the burner before
spraying.

The raw vegetable oils studied (sunflower, coamola and soya) enlist ignition points
between 260 and 31%, values that are significantly higher than thoehe liquid fossil
fuels. Therefore, the ignition point of the ligiquid fuels is 50-65C and the ignition point
of black oil is 90-1006C.

It appears from the above analysis that it is meguia softer pulverization of raw
vegetable oils. By mixing them with liquid fossildls, the ignition point noticeably
decreases. We consider a mixing proportion in 2380% of light fuel oil.

On an experimental stand from UPB there have begfonmed pulverization tests
using a mechanical injector at a pressure of 40Waraimed to observe the average diameter
of pulverization and to compare it with the oneadtréd when using light fuel type M.

1. MECHANICAL PULVERIZATION OF THE LIQUID FUEL

To characterize the smoothness of pulverizatios itsed the term ‘mean diameter of
droplets’. Following the physical model, we canidefthe following mean diameters:
 The Sauter mean diameter, defined as the diaroktbe droplets in a homogeneous
cloud, which has the same area and the same nwhbkeud droplets as the research
cloud:

= ®
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 The Vitman mean diameter, which represents the eli@amof the droplets of a
homogeneous cloud and has the same weight anéhe sumber of droplets as the
research cloud:

k
Zidisgi
d, =

(@)

\

Tk
2.4
i=1

Experimental research on the mechanical burners aviswirl pot revealed for the
Vitman mean diameter the following relation:

d, =d,CARe” 7* 3)

where ¢ is the nozzle diameter, C - experimental constamii A is the geometric
characteristics of the injector; p - coefficienthwthe value of -0.7, k - coefficient with the
value of -0.1, C =47.8.

(D -di)do . af
nd? apdg

A=

(4)

Where: @ is the swirl pot diameter,;d the diameter of the tangential channels, n — the
number of the tangential channgls; the density of the liquidy - the dynamic viscosity.

The maximum diameter compared to the diameterehtizzle depends on the Weber
number. For injectors with a swirl pot, the follagirelation is proposed:

056
372(%j A011
2
d —_—

max — 033

()

g

where b is the height of the swirl pot amfilis the pressure drop in the injector.

The angle of dispersion is particularly importaat filling the furnace with flame,
respectively for the combustion with a minimum essceof air. The size of the dispersion
angle should be studied tightly connected to thg wfabringing and guiding of air. If the
injector is considered separately (stationaryrg@ation), the relation will be:

- For less viscous fluidst (<4- 10°)

-04
99 _ 3050072 D | 0s (6)
96, d,

For more viscous fluidst(> 3- 107

tgé

=k " [Re (7)
96,
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— 2 .
wheretgg, = 32 3(11 7) ; r=1—%; da - the embrasure diameter
T \L+ =T

0
To determine the smoothness of pulverization thenee been applied the relation (3)
- for mixtures of raw sunflower oil and liquid fu¢&ype M, for a burner with a swirl
pulverization pot, flow of 170 kg / h, mounted & texperimental stand from UPB.
The swirl pot has the following dimensions; 15 mm, g¢= 6 mm, n = 4 channels,
diameter of the pulverization nozzlg=d1 mm.

(15-1)1 _
2 P
Criteria, Re,nhave the following values:
- Mixing with 20% light fuel type M, Re = 3900z = 2r10™
- Mixing with 30% light fuel type M, Re = 44007= 27010™
The mean diameter of the droplets using Vitman:
- for vegetable oil mixed with 20% light fuel tyjpé
d, 147885(3900 " ({210 )™ = 530um
- for vegetable oil mixed with 30% light fuel tyjpé
d, = 14788504400 {27010%) ™ = 380:m
The pulverization smoothness is within acceptalolatd. It is noted that pulverization
improves along with the increase of light fuel mgi It is recommended to use higher
pulverization pressures for higher proportions eéjetable oil.

It follows: A=

2.EXPERIMENTAL DETERMINATION

The theoretical conclusions were verified throygltverization experiments on the
stall to the ETCN Department of the Polytechnicvénsity of Bucharest. The research stall
on pulverization is usable for liquid fuels thavvbd@o be preheated in order to pulverize. As a
result, the light liquid fuels as well as the vexpi¢ ones and their mixtures can be tested. The
stand scheme is presented in Figure 1.

In Figure 1 it is presented the experimental stgllipped with a swirl pot injector and also
with control of the flow return.

Fig. 1 The experimental stall for studying theig.E. View of the experimental burner
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pulverization of the liquid fuel

Fig 3. Jet 30% pulverized — oil and air swirl Biglet 40% pulverized - oil and air swirl

3. CONCLUSIONS
Dosage within the limits of 20 - 40% of the vegdatils in liquid fossil fuel does not create
problems when using conventional combustion equigme
The research on the use of the mixtures of liquidls with vegetable oils represents a
direction of an easy recovery by combustion withemwy additional investments of renewable
liquid fuels.
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GAS TURBINE BEHAVIOR
AT THE AMBIENT CHANGE

Prof. dr. ing. Oprea lon
Politehnica University of Bucharest

ABSTRACT

It is known that the Romanian climate is a conitaktemperate one, with great difference in terapse
not only with season but also diurnal. The papes@nts the results of an analytical research fdcasehe gas
turbine operation characteristics in different dtind of inlet air temperature. An example could the gas
turbine power plants that operate in Bacau or Btbwmties. Based on this method may be easilyregéd the
behavior of any gas turbine for different ambieintemperature.

1. INTRODUCTION

Gas turbines power plants represent a promisiogntdogy for energy generation in
Romania, especially for cogeneration. Some newgaies are now in operation, in a large
range of power, until 275 MW, with advanced pararetand modern design. A
characteristic of Romanian climate is the largeatem of the ambient air temperature, with
season and even diurnally. The inlet air tempeeatould vary in a day with about 20 and
with about 50C in a year. In these conditions the gas turbindopmances are strongly
influenced by the air temperature, much more thaergparameters. Generally is known that
a decrease of inlet air temperature has good caesegs on gas turbine characteristics,
increasing power, efficiency and air flow rate shswn on principle in figure 1.

A
N0 ra-Frg

gev

-15 0 15 30 5 1,PCT

Figure 1: Inlet air influence

For each gas turbine this influence may have qder values, indicated by the designer.
A thermodynamic analyzes of the gas turbine cyéler dhe possibility to get a method to
determine this influence according to the gas teltharacteristics and to plot the owner
operation diagrams. Such a method is describdusrpaper.
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2. THERMODYNAMIC ANALYSIS OF THE CYCLE

A simple analyze of the gas turbine Brayton cysigphasizes the influences of the main
parameters (ambient air temperature, extreme tenperratio, pressure ratio) on the useful
work and efficiency.

l, =0nl(1—%j(0—m) [I/kg] )
mo=1- @
m

Where:
6= T3/ T; — extreme temperature ratio;
m= (k-1) / k; k — adiabatic exponent;
h; — inlet air enthalpy.
The results of the ideal thermal cycle analyzeedive effect or the atmospheric air
temperature on the work, but are not appropriabecefficiency. Therefore the actual cycle,
shown in figure 2 was considered.

Figure 2: Actual Brayton cycle

The overall efficiency of the actual cycle is givien[3]:

1+ AL 1 1
Cp9349,7eT T (1_ F) - Cpa\(ﬂ-::.na - 1)7
_ [ e 3
T Car@-y -l -1

Where:
- Cpaand g — specific heat at constant pressure of air amel glases for mentioned range

of temperature; [kJ/kgK]
- Tk c — €Xpansion, compression pressure ratio;
A\ —excess air coefficient;
L — stoichiometric air quantity;
n — effective, internal or adiabatic efficiency of gasrbine, air compressor and
combustor;
- Mya= (Kgx1)/Kgs Kk — adiabatic exponent.
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3. CASE STUDY

The objective of the case study is to get thauarice of the inlet air temperature on the
efficiency and power, for a particular gas turbwghout internal heat recovery. In order to
relieves this influence the thermodynamic analysk®s into consideration the actual turbine
cycle.

The gas turbine system data are: electric outpet 30 MW, inlet turbine temperature
t; = 1200°C, compressor pressure rafip = 14. The ambient air temperature varies from -
15°C to 35°C, the inlet pressure ad air relative humidity IS@ndard condition and constant.
The fuel is purely methane. The pressure losseth@tcompressor inlet, through the
combustor and gas turbine exhaust are taken intsideration; due to these losses the
compressor and turbine pressure ratio are diffedenthe same time the dependence of
thermal and physical characteristics of air ane@ fias on temperature and composition are
considered. In any conditions of work the maximwmperature of the thermal cycle was
maintained constant. This analytical model candezldor any type of gas turbine.

Results and discussion

The gas turbine efficiency, the excess air cokeiffic air and fuel mass flows, the turbine
power were calculated for various values of thetiair temperature; the results are presented
in table 1 and figures 2 and 3. It can be obsethiatia decrease of the inlet air temperature
difference with 10C increase the efficiency with 0,3 percentage afabout 0.8 %) and the
power with about 3 %. The others influences ame@ease of the excess air coefficient with
2.2%, a decrease of air mass flow with about 3%ddrtkde fuel mass flow with about 0.94%.

Table 1. Thermal cycle characteristics vs. inleteinperature

Inlet air temperature’C]

215 5 5 15 25 35
Alr excess p ; 268 | 274| 28| 286 292 299
coefficient.
Compressed air| °c | 317.1| 337.6| 3579 3770 3981 418.0
temperature

Air mass flow m, ka/s 117.94 121.61| 125.51| 129.64| 134.06| 138.75

Fuel mass flow | m; kg/s | 3.1643 3.1948| 3.2274| 3.2600| 3.2972| 3.3371

Efficiency n % 37.65| 37.35 37.03 36.71 36.37 36.02

Power (total) P MW 58.77 | 56.01| 53.09 50 46.69 43.17

37.8
37.6 -
7.4
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o7 \
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Figure 3:Efficiency vs. atmospheric temperature
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Figure 4:Power output vs. atmospheric temperature

The analytical model results show the positivéugrice of the ambient air decrease on
the overall efficiency of the gas turbine system. ifaportant gain in power or reduction the
fuel mass flow is obtained. A better behavior irbine service is therefore obtained durin the
night, cold days or in winter.

4. CONCLUSION

The operational today’s gas turbine systems mudtelx@le in operation in order to
ensure the heat demand and the grid balancing. higie variation of the ambient air
temperature affects the turbine output and is vergortant to know in any moment the
turbine behavior.

This analytical model gives the possibility to exatke the main influence of the ambient
air temperature on the gas turbine output andieffay. In the same time many information
on thermal cycle characteristics are obtained.

The presented case studied shown that a decreasahient temperature can improve
the gas turbine output and efficiency. For any’@0again of about 3% increase in power is
obtained. In the same time a reduction of the fuaks flow takes place, so that the gas
turbine becomes more efficient.
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ABSTRACT

The paper presents the experimental setup developbé first stage of a Research Grant called 'fiti/b
micro-cogeneration group of high efficiency eq@gpwith an electronically assisted ORC” (acronym
GRUCOHYB). The Research Grant is in progress afftiermal Research Centre, Faculty of Mechanical and
Mechatronics Engineering from University Politetaniof Bucharest having as research partner the Rokur
Company. The hybrid micro-cogeneration group ineslthe use of a 40 kW Diesel engine and an Organic
Rankine Cycle (ORC). A brief description of the exmental setup according to the current stage of
development has been delivered. The paper alsemisethe energy balance conducted in this resesdacie
which aims to obtain the amount of waste heat alhalfor the ORC. Preliminary experimental data wesilts
have been presented. Results show that at fulltfeednechanical power that could be delivered ley@RC is
in the range of 10.74 and 7.16 kW. Future improverperspectives are also presented.

1. INTRODUCTION

The efficiency of thermal systems can be improvgdvaste heat recovery. One of the
most promising solutions for waste heat recovemphésOrganic Rankine Cycle (ORC) [1,2].
This technology can be successfully applied in cdssectricity generators based on internal
combustion engines (ICE) by recovering heat frorhagist and water cooling systems and
converting it into work or electricity. In literatel reports can be found regarding heat
recovery systems based on ORC for heavy duty IGH.[Results point out fuel economy
and enhanced thermal efficiency.

In this context, the present paper presents aergwpntal setup developed in the first
stage of a National Research Grant called “"Hybmatro-cogeneration group of high
efficiency equipped with an electronically assis®®@&®C” (acronym GRUCOHYB). The
Research is in progress at the Thermal ResearchreCeRaculty of Mechanical and
Mechatronics Engineering from University Politetmiof Bucharest having as research
partner the Rokura Company.

The hybrid micro-cogeneration group involves the o§ an electricity generator based
on a 40 kW overcharged Diesel engine and an ORGulAlbad the electricity output is 36
kWe. The research objective is to recover heat ftloenexhaust and cooling systems of the
Diesel engine ant transfer it to the ORC in oraeptoduce electricity as well as to heat a
thermal agent and to improve the overall efficien€yhe micro-cogeneration group.

Furthermore, the paper presents the energy batammzkicted for the micro-cogeneration
group in order to determine the amount of wasté aeailable for ORC. Preliminary results
are delivered based on experimental data.

'University Politehnica of Bucharest, Faculty of Maaical and Mechatronics Engineering, Splaiul
Independetei 313, Bucharest 060042, Romani@744903488, pophoratiu2001@yahoo.com.
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2. EXPERIMENTAL SETUP DESCRIPTION

An overview of the experimental setup accordinghi® current stage of development is
presented in Figure 1.

Figur 1: Overview of the xperimental setup

The components visible and indexed in Figure 1 are:Diesel engine; 2 — electricity
generator; 3 — fuel tank; 4 — air flow meter; S¢haust pipe; 6 - air inlet pipe; 7 — automation
and data acquisition panel; 8- electricity disttibn system; 9 — electricity consumers. The
experimental setup has many another componentsmhidie presented in a much detailed
work. The instrumentation available on the expentaksetup and which allows conducting
the energy balance is presented in Table 1.

Tabelul 1: Instrumentation of the experimental petu
Nr. crt. Measured parameter
1. Ambient pressure [bar]
Ambient temperaturé]

Combustion air volume flow rate ffh]
Overcharge air pressure [bar]
Overcharge air temperatuf€]

Engine intake air pressure [bar]

Engine intake air temperatuf€]

Cooling water inlet pressure [bar]
Cooling water inlet temperatukc]
Cooling water volume flow rate fth]
Cooling water outlet pressure [bar]
Cooling water outlet temperatuPE]
Turbine inlet exhaust gas pressure [bar]
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14. Turbine inlet exhaust gas temperati@j [
15. Turbine outlet exhaust gas pressure [bar]
16. Turbine outlet exhaust gas temperat?@g [
17. Fuel engine intake pressure [bar]

18. Exhaust gas temperatuf€]

19. Hourly fuel consumption [I/h]

20. Active Power [kW]

3. ENERGY BALANCE

According to the current stage of development thergy balance equation for the
experimental setup can be written as follows:

qud :P+chs+Qeg+ .reﬂ (1)

Where: Q,, is the heat flux received through fuel combustiBris the amount of mechanical
power producedQ,. is the heat flux rejected through the water cooti;v;nrgtem;Q'eg is the

heat rejected through the exhaust gases@nds the heat flux rejected through radiation and

incomplete combustion that cannot be directly deiieed in this stage.
The heat flux received through fuel combustion lcartomputed as:

quel =My Higg [KW] (2

Wherem; [kg/ s]is the fuel mass flow rate ard, [kJ /kg i the inferior fuel heat value.
The fuel mass flow rate can be determined:

M =[(C, 10°)/360Q (P [kg/ §] 3)

In eq. (3),C, [ h]s the hourly fuel consumption which is experimdgtdetermined and
P .4 [kg/ m’]is the fuel density and its value is considerednfaata available in literature for
a temperature of 28C [5]. Thus p,, =822 kg/m®. The inferior fuel heat value is also
considered from data available in literature [5)8];,, =42000kJ /Kkg .

The power produced [kW] can be determined as follows:

P =P, /Ny [KW] 4)

WhereP, [KW ]is the amount of electric power obtained and directly determined on
the experimental setupj_,,, IS a conversion factor of mechanical power inec#lcal power
considered for the present calculation torpg,=0.98 [7].

Next, the heat flux rejected through the water iomplsystem can be computed as
follows:
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Quee =M, &, Ot —t; ) [kW] (5)

In eq. (5)m, [kg/ 9] is the water mass flow rate;, [kJ /(kgK )] the water heat capacity;
t, [°C] andt, [°C] are water temperatures at engine outlet and ir@spectively.
Water mass flow rate can be determined using exgeerial data as follows:

m, =[(V,, 10°)/360Q [p,, [kg/ 5] (6)

Where, V,, [I /h] is the water volume flow rate measured on the expertal setup and
p,, =1000kg/m’is water density. For water heat capacity the faihg value has been
considered,, = 4186kJ /(kgK)[?]. Water temperatures at the inlet)(and outlet {) of the

engine are directly measured.
The heat quxQeg[kW] rejected through exhaust gases is computed as:

Q, = Q% -Q,, [kw] (7)

Where, Q;g“" [KW]is the total heat flux available in exhaust gases @, [kKW]is the

heat flux due to the fresh load.
The total heat flux available in exhaust gaseshsadetermined as:

Q;gta] - mge |]:Pge D-ge [kVV] (8)

In eq. (8) My [kg /s Js the exhaust gasses mass flow ratg; [kJ /(kgK)] is the heat capacity
at constant pressure of exhaust gasesgnfK is th¢ temperature of exhaust gases. Heat

capacity of exhaust gases is considered from dlailalata in literature according to
experimental data [5].
The exhaust mass flow rate is:

mge = mfuel + rhair [kg/ S] (9)

The fuel mass flow raten, , is computed according to eq. (3) and the air miase fate
m,, is determined as:

iy, =V, /3600 D, [kg/ §] (11)

Where, V. [m* h]is the air volume flow rate and it is experimelytaletermined;

P, [kg/m’]is air density computed for ambient parameters.
Thus, the heat flux due to the fresh load can beroened:

Qair = r.hair |]:pair |:rajr[k\N] (12)
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Where, c,, [kJ /(kgK)] is the heat capacity at constant pressure andvalse is

considered from data available in literatucg, = 1013kJ /(kgK) [7] and T, is the

measured ambient air temperature.
Based on eqgns. (1)-(12) the heat flux that canedatitectly determine(ﬂjreﬂ S

Q'rest = quel - Pel _Qms _Qeg[kW] (13)

As it can be noticed in eqgns. (1)-(12) some d&®@Hi,,, , P4 and c,are adopted from

literature because in the current stage of devedmprthe experimental setup does not allow
their determination. In future research stagkgs, will be determined based on fuel elemental

analysis anct,, based on exhaust gases composition derived by asyag analyzer.

4. EXPERIMENTAL RESULTS

According to the energy balance described in thevipus paragraph preliminary
experimental investigations have been carried aulofds ranging from 100 % to 24 %. The
experimental results are presented in Table 2.

Tabelul 2: Preliminary experlmental results

Functional ]
Lr'egi;ne Load [%] | Qua [KW] | P kW] | Q. [KW] | Qg (kW] | Q. [kW] | Q,, [kW]

1. 100.00% 93.54 35.85 27.36 28.69 1.64 15.53

2. 92.47% 85.73 33.15 20.58 25.80 6.20 15.32

3. 81.73% 75.93 29.30 13.48 22.23 10.92 15.25

4. 72.37% 67.35 25.94 12.62 19.13 9.66 15.24

5. 58.54% 56.26 20.99 15.36 15.16 4.75 15.24

6. 48.29% 48.15 17.31 15.63 12.39 2.81 15.23

7. 24.22% 41.24 8.68 14.57 7.57 10.42 15.23

The total amount of waste heat available for theCQ&n be computes as:

Qavajlable = Q + Q + Qajr [kVV] (14)

Based on the experimental data presented in Tabhe 2mount of waste heat available
for ORC is presented in Table 3.

Former reports [3,8] of waste heat recovery in cas¢éCE using an ORC point out
theoretical efficiencies between 15 and 20%, wrakdistic ones are between 7 and 10%. The

amount of theoretical mechanical powé,,,'[kW] and the realistic oneP; ;[kW]
provided by the ORC can be computed as:

ORC,t _— ORC _
I::’output - avaJIabIe |]]ORC’ I::’output - avaJIabIe |]]ORC[kW]

5j1
Where, nNgee and N, are theoretical and realistic efficiencies of @RC system
respectively. If we assume for the present calmraa theoretical efficiency ofi,. = 015
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and a realistic one off . = 0.1 [3], than the corresponding mechanical power adstpue
also presented in Table 3.

Tabelul 3: Waste heat available for ORC

Functionall | . o] | Qomree[KW] | PSR kW] | PG kW]
regime
1. 100.00% 71.58 10.74 7.16
2. 92.47% 61.7 9.26 6.17
3. 81.73% 50.96 7.64 5.10
4. 72.37% 46.99 7.05 4.70
5. 58.54% 45.76 6.86 4.58
6. 48.29% 43.25 6.49 4.33
7. 24.22% 37.37 5.61 3.74

5. CONCLUSIONS

The paper presents the first stage of an origirakarch involving a hybrid micro-
cogeneration group which is based on a Diesel engid an Organic Rankine Cycle (ORC).
A brief description of the experimental setup adawy to the current stage of development
has been done. The energy balance conducted iretg@arch stage has been presented aiming
to determine the amount of waste heat availabletder ORC. Preliminary experimental
results show that the ORC could deliver at 1009 lanechanical power between 10.74 and
7.16 kW.

Future developments will include: elemental analysi the fuel in order to obtain the
inferior heat value, exhaust gas analysis whicH lghd to the heat capacity at constant
pressure and also the amount of CO that gives ¢he Ibst through incomplete combustion.
Also future simulation will be conducted on the thescovery system that will deliver data
necessary for choosing the appropriate equipmentfié¢ ORC system.
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SOCIAL AND TECHNICAL MODEL FOR EMPLOYEE INDIVIDUAL
RESPONSIBILITY ENHANCEMENT IN ORDER TO SHAPE AND
DEVELOP A PERFORMANT LEVEL OF ENVIRONMENT AWARENESS

Corneliu Sofroni& Ruxana Zubcov
TRAINING AND ADVANCED TRAINING CENTRE BUCHAREST

ABSTRACT

The model we propose represents an instrumentrf@nizational order layout, regarding the relatiopshuman-
equipment, in order to create and develop an iseck&evel of environmental awareness.

This order doesn’t suppose only to emphasize atdky, but almost to set out the information aktbet general
and specific behaviour of the employees within arixiaable to warrant the efficiency and co-opeyatin an
optimal environmental system conditions. Thus #&gsially and instrument to learn about the humatofanside an
organization. The model aims to increase the iddiai employee responsibility by means of an insemimamed:
THE OHSAS 18001 INDIVIDUAL PSYCHOLOGICAL FILE.

1. INTRODUCTION

This work was supported by a grant of the Romaiational Authority for Scientific
Research, CNDI-UEFISCDI, project number 33/2012.

Developing an individual responsibility enhancemerddel for the employees of the
national energy system according to the OHSAS 1&W&idard appears as a necessity required
by the overlapping three kinds of management: guatianagement, risk and uncertainty
management and lean management, all three beingyja reference framework for the
management activity in ongoing situation in therggesystem units.

We started this model having responsibility condept as general understanding, and
second regarding it from the management sciencg pbview.

Notion definition. In largest sense, bgsponsibility is understoodhe capacity to take
a decision, without prior reference to a higher autority. Otherwise, mostly under
juridical field, responsibility is perceived as anobligation to fulfil a task, a commitment, or
to repair a mistake, that prejudiced a person or aollectivity (Larousse Dictionary).

The Explanatory Dictionary of the Romanian Language (DEX) defines
responsibility as, The obligation to perform an action, answer, torespond, to accept and
bear the consequences; responsibility; job positigrtask for a respondent” and the noun
.fesponsible” equivalent to , the bearer of the reponsibility for an act, for a deed”
.fespondent” and ,person appointed in a managing peition, that bears responsibility
tasks, to whom a responsibility was entrusted”.

The civil procedure code — initiated as a draffd09, based on the Civil Code from
1865 uses mostly the terms “duties” and “obligagiorHowever the “civil responsibility” is
deemed as the “obligation to repair the prejudicduced to another person through non
fulfilment of a contract” or of any damaging actganally done by a person depending on the
incriminated person, or by a cause under his tagkg™collective responsibility” is understood

1Bucharest, Dristor, 96; +40 731494606; cornelso&@yahoo.com
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to consider all the members of a group as joirggponsible for any act committed by a member
of the group.

In the Criminal procedure code — also a draft in 2009 “criminal responsibility” is
mentioned as the obligation to serve the punishifoerihe committed crime.

It is difficult to define in a sentence the expressmanagement responsibility. Anyway
it lays at the crossing of the management ethicsthe business concept. Noting that on the
bank notes of the most powerful state of the watte, USA, is written: “In god we trust”, a
reputed analyst wrote that, in fact, not by thigdareached the Americans the economic,
political and military the supremacy, the greerisbilerving sometimes ignoble purposes and
arrangements. The analyst admitted anyway thataB&nj Franklin, co-author of the American
Constitution — and the initial American presider@eorge Washington, John Adams, Thomas
Jefferson and Abraham Lincoln have always undeatdlihe importance of the faith, deeming the
Bible as a fundamental book.

In his famous work "Protestant ethics and the @dipin spirit” the German sociologist
Max Weber warned about the risks that he capitaldimo irremediably divorce from the moral
values, under the contradiction between the “carenment ethics” (moral) and “responsibility
ethics” (business). One should not forget thatfdraous Machiavelli’'s expression “the goal
excuses the means” is typical for the businessespac

“Management ethics” notion is almost recently idtroed in the scientific language, it
represents a “branch” applied to the ethics andsamainly the behaviour type, and also the
activity the managers develop in their organizaiorhe way the individuals or social groups
(both from inside the organization and from thesalé of it) react subsequent to the decisions
taken by the manager is also analyzed. As managamérelf a socio-human discipline (but
also an economical one deeming the obtained rgswatuiring the ethical norms is an
obligation for managers and they should serve adetaofor employees. The management
ethics, at national level, unfortunately is by tansidered to be priority nor for the Romanian
managers, and subsequently neither for employeesdver many of them see the ethical code
observation as an impediment in achieving a ptotdusiness. That is not far from truth, since
the management ethics confronts the company’s @acabopportunities with its social image.

A non ethical behaviour may be based mainly on diganization leader’'s lack of
management knowledge, on his wrong build strategion, lack of professional experience
and knowledge with regard to working groups anditearalues and misconducts etc.

In the specific literature a series of guides haenb proposed aiming to support
managers and employees in adopting an ethical bmiran any possible situation. A series of
ethical codes was conceived to work as fundamefalan adequate conduct. However one
should keep in mind the fact that influences thenag@ment ethic accuracy (such as
organizational internal codes and rules, in foregal regulations and ethic codes, individual
features, company situation etc.).

An employee guiding his activity following the magement ethic codes, should never
forget that his actions are to be always basedaondss, law observation, trust, correctness,
keeping the promises, responsibility for own adis, eall these factors being supported by
company organizational culture. A positive orgati@aal culture where values, norms and
ethical rules are promoted and equally supportethagagers and employees, lays on the basis
of the ethical manager conduct, these having a heftkct on the company employees. One
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need to add that an ethical code is required floendeep structures of the human conscience,
that kind of consciousness that we could freelyyaal‘eco — consciousness”.

2. METHODOLOGY

The methodology used for reaching the final goaliedoping an instrument for increasing
the individual responsibility of the employees bé tnational energy system, was a system of
models following the concentric circles principlaving as basis the model of professional
responsibility ethics and on top the model of baétaveco-consciousness.

Model of eco-professional ethics:

1. Think about the well being of the surroundingme. One should consider what means this
“well being” for his team, for his mates, for hisiefs and also for the business partners. The non
direct participants at one’s actions neither showdd be eluded neither directly affected by the
results of his actions. Sooner or later thingstcam on an unexpected way.

2. Think as a member of a group. To be ethic maansally a personal discipline, a permanent
battle against oneself, but it doesn't mean tokthas an isolated individual. One belongs to
group and that means to be connected to the vahgtbehaviour of the surrounding people.

3. Observe and obey laws. According to these rales has to observe working rules and
procedures in force in a company; rules such asties regarding the conduct in the office,
clothing, working hours, smoking regulations et gaidelines to be observed by all employees.
4. Consider yourself and your company as parthefihole society. We mean here the business
society. As aforementioned, one’s conduct and astaan influence the image of the company.
It depends on you and on the example, good or thatlthe company presents to the business
community.

5. Obey the moral rules, as being unconditionedse®bng the moral rules represents the
fundamentals of ethical individual behaviour.

6. Think impartially, objective, neutrally (unbiale uninterested. Any decision you take
influences your behaviour related to the surrougdpeople. Be able to make a correct
assessment both from your and from the others pbwiew.

7. Ask yourself what kind of human being are yoantpare your actions and conduct to similar
persons. Do you agree with them? If not, why do ggree with yourself?

8. Respect others’ traditions, habits and convires@m You should not give up your
beliefs/principles. You should only grant the daspect to principles of the surrounding people,
even if they are different from yours.

Resuming the main ideas of this code, we can pouitthe most important attributes of
successful employee in what concerns an ethicalwtin

» Responsibility towards oneself — personal evolytion

* Responsibility towards the company — respect feratquired goods;

« Convince the others to adhere, but taking into icemations others’ opinions;

» Responsibility towards the environment and its @negtion;

* Responsibility towards the clients and their neitess

* To show confidence and to gain confidence;

* Social Responsibility, understanding of the ecomamand social environment where the
company performs its activity;
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* Responsibility towards all business partners.

Model of the behaviour eco-consciousnesstarting from these assumptions and with the
purpose to develop an instrument for the increatirgndividual employees’ responsibility, we
created a model for organizational eco-consciowssnbsild up on three behaviour levels:
superior, middle, and inferior. Behaviour types associated to the eight main personality types
to be met inside the Romanian organizations, nam¢lyhe Competitor; 2) The Expert; 3) The
Altruist; 4) The Perfectionist; 5) The Leader; 6hel Creator; 7) The Energetic one; 8) The
Peace maker.

Table 1
A. Superior consciousness

The Competitor | Genuine behaviour, focused on finding efficienusiohs

Knowledge aimed behaviour, visionary and innovasiggve in relations
The Expert . :
with the environment

The Altruist Empathic behaviour, generous and careful towarelsvitrk environment

The Perfectionist | High responsibility behaviour, based on attachneriie job

Heroic behaviour, with sacrifice spirit towards trganization, with

The Leader deeds and actions granting him the feeling to steang person, the saver
of humanity
The Creator Sensitive and perceptive to everything around len@ative, original

Enthusiast, capacity to anticipate the future asticoncerning the

The Energetic one organization, realistic and performing

Self confident, peaceful and harmonious towardh tie environment yet
The Peace maker | able to follow the successful models and exampldss activity inside
the organization

B. Medium [average] consciousness

Pragmatic, versatile, wishing to be excellent, tieditions his
The Competitor | involvement in organizational actions to the gantamed for his own
image

Reasoning type: perceptive, innovator, discreetisoldted with the
The Expert tendency to become apathetic or uninterested fr@nmtoment he has np
longer the motivation to involve himself in the angzation life

Generous, demonstrative, aiming to please to gtbkesging easily
The Altruist from the need to consider himself as indispensialbiés environment to
the feeling that he is inappropriate

Serious, principle based, disciplined behaviounith the feeling that

The Perfectionist he is acting on obligation, fact that is reflectestially in his health

Pragmatic and self confident, but with tendencyanis being conceited,

The Leader . :
not accepting proposals or solutions from others

Tendency to act as he were the centre of the vamdtto be too
The Creator concessive to others, when noticing others aggigssowards the
environment

The Energetic one| Bohemian behaviour, mislaid and distracted, someéxessive in his
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deeds but efficient

The Peace maker

Generally modest and agreeable, but resigned;tbdre convinced to
attend actions related to his environment

C. Lower Consciousness

The Competitor

Unscrupulous behaviour, aggressive and based aaegpces; not
sincere in his attitude towards his organizati@malironment

The Expert Detached from all around him and concerned onliibyproblems,
separated from environment
The Altruist Despotic and constraining with regard to the emment, on the

background of negative feelings, or disappointments

The Perfectionist

Inflexible behaviour, contradictory and muddlehehdsated to his
environment

The Leader

Tendency to megalomania, aggressive and destructitvee organizatior
life.

The Creator

Distant, tendencies to deny life, loathsome to peapting in his
environment

The Energetic one

Recklessness in his relation with the environmgartalyzed in front of
difficult satiations

The Peace maker

Neglecting, confused, prone to commit errors anohgdoing frequently|
by happenstance and not purposely

Table 2

Individual psychological file OH-SAS 18001 (top coidential)

CRITERIA COMMENTS

Name and surname

Working place

Job position

Subject type of personality

Personality strong points

Personality weak points

Professional behaviour features in normal work

situations

Professional behaviour features in critical work
situations, under strain sources

Professional behaviour features along a week

Type of errors the subject is prone to

Causes of such errors

Conditions and motivations enabling error

committing

Recommendations/measures

3. CONCLUSIONS
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Our research resulted, as a general conclusiothéoassertions made inside this work, in the
elaboration of an instrument the increase the eyeglondividual responsibility that we named:
Individual psychological file OH-SAS 18001. The gdi would sign when receiving the file
(whose content is top confidential) and would comhimself/herself to acknowledge the
information included in the file and would strictigllow the instructions. Applying the content
of the psychological file is a part of the persotmalning mode, as a condition for an efficient
solving the work tasks in fully safe conditions gmel/chological health. The psychological file
would be updated once in three months.

The originality of the work consists in the factaththis model lays on original theory and a
methodology entitled: Order Psychology — Quanturychslogy®. It is the first scientific
methodology in the psychology domain proposing tieasurement by means of forms as a
complementary method to the calculus measurement.
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ANALYSIS OF THE EFFICIENCY OF STAGGERED COMBUSTION
FOR A LIGNITE BURNER BY DEFINING A MIXTURE FUNCTION
BETWEEN THE PRIMARY AND SECONDARY AIR FLOWS

Dorin Stanciu, Lucian Mifiescu, Gabriel Negreanu, lonek®ilon Oprea
University Politehnica of Bucharest

ABSTRACT

The new designed burner allows the reduction of Bi@ission by staggered combustion. This technigue i
achieved by the aerodynamics of the primary airtdaat and secondary air jets assembly. Thesédgats both
variable admission lengths and different velocities

1. INTRODUCTION

The staggered combustion supposes a slow admisdidhe secondary air into the
primary air jets, following the different penetti of these jets in the combustion space.
According to this combustion technique, the coatlation is under-stoichiometric until the
jets homogenization in the combustion chamber cerfter the primary air jets, that
represents about 30 % of total necessary air.lllbviis that, until a total mixture with the
secondary air, the combustion regime remains usibéchiometric, and the NGemission is
kept as low as possible.

The air mass increase in the jets assembly by dacprair penetration is characterized
by a mixing function R(x), x being the linear floagvmension. This function should have a
slow increasing gradient, in order to maintainrdguired combustion conditions.

In order to find and verify the mixing function, well further start a numerical modeling
of the processes in the burner shown in figure 1.

Figure 1. The new burner for lignite dust

2. MATHEMATICAL AND NUMERICAL MODEL

The mathematical model consists of full Reynoldseraged Navier-Stokes equations
(RANS). Due to its behavior in modeling the turbnilgets flows [2], the ke RNG turbulence
model with scalable wall function was used for sigsthe RANS equation system. The jets
flow has a symmetry plan&<0), so that only half of it is used in the compiata. Thus, the
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external boundary of the computing domain is hélacylinder enclosing the injection jet
devices, having a radius of 1 m and a length of. 5Sgure 2 shows the computing domain
and the boundary conditions used in the numericallation. Note that theelocity inlet
boundaries consist of the three jets inflow areawall as the area encompassed between the
wall embrasure and all jet ports. Additional, tlasvlof the wall boundary conditions was
chosen for all wall boundaries appearing within¢dbenputing domain.

Pressure Inlet ?
&«

Pressure Inlet

Primary jet A
Velocity Inlets
&

Aessure Inlet

Symmetry

Secondary jet |

Pressure Qutlet .
N Paa Tertiary jet
Zo -

Fig. 2 Computing domain and boundary conditioi3g. 3 Details of computing domain and
jet air definition

A multi-bloc grid was used in the numerical simidat Figure 3 shows a detail of the
computational meshed domain consisting of all ckhramd embrasure jets and also the
attracted inflow external air surrounding the ershira. The primary air is divided in two jets
A and B whose slots have different length. The sdaoy jet of air is injected through the
third slot, having a greater length than those wihary air, while the tertiary air jet is
introduced through the gap shaped between the smierand the primary and secondary jet
slots. The computation was performed through tleeai€ommercial software package Ansys
FLUENT v14.01 on a Supermicro platform having 48GBnain memory and two Intel six
core 2.4 GHz CPU. The pressure based solver irtiaddo least squares cell based gradient
algorithm was used in the numerical simulation. Thean momentum and turbulence
equations were solved by employing the Second Qdgearind and the QUICK discretization
schemes, respectively. The pressure (Poisson) iequatas resolved by the aid of
STANDARD procedure, while the pressure-velocity glong was assured by using the
SIMPLE algorithm [3].

3. RESULTS AND DISCUSSIONS

The computations were performed for tow case ssudieose boundary conditions are
presented irtable 1. Therew;a si Wi represent the inflow bulk velocities of primary pats
A and B,w, andw; are the inflow bulk velocities of secondary andiaey air jets, whileT’
andT” denote the temperature values set for primaryetsr (A and B) and for all other jets
respectively (including here the attracted jetd ghenetrate the computing domain through
pressure inlet boundary conditions) respectively.

Table 1 Bulk velocities and temperatures of inflow boundary conditions used for air jets.

Wia W1 TJ” W» W3 TJ’”

[m/s] [m/s] K] [m/s] [m/s] K]
Case 1 10.4 11.4 310 33.2 8.48 290
Case 2 10.4 11.4 310 33.2 33.2 290
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The difference between the two case studies cansighe inflow bulk velocity value of
tertiary air jet whose influence on the primary jets penetration is studied. Neglecting the
molecular heat diffusion, from the first law of theodynamics one obtains that

a= (Tj' -T )/ (Tj' - Tj") 1)

whereT is the temperature of any jet point antepresents the local mixing factor. Following
the definition, at the inflow section of primary gts,a=0, while at any inflow section of all
other air jets (including also all tharessure inlet boundaries), o=1. The values obt>0
occurring in the developing regions of primary jats model the fraction of mixing between
them and all the surrounding air jets.

The main results of the numerical simulations aesg@nted in figures 4 and 5. So, the
figures 4a and 5a show the stream-wise velocityridigions on some cross-stream flow
directions situated on the symmetry plan and measétnom the end section of embrasure
wall. One can observe that in the first study céseexchange rate of momentum is lower in
the regions surrounding the secondary and tertsryjets and higher around the zone
encompassing the primary and tertiary air jets. ddey that, until z=400-500 mm, the
interaction between the primary and tertiary jetd Aetween the secondary and tertiary jets
respectively are fully separately. As a resultsz=800 mm, the primary air jets are already
encompassed in the tertiary jet, while the secondae still keeps its individuality. In the
second study case, due to the increment of terfirgnomentum, a step by step mixing of
primary air jets with other ones takes place. $@=800 mm the primary jet A is quite mixed
with tertiary air jet, while the mixing between thegmary jet B and the secondary and tertiary
ones is ongoing. This last process still remaitisv@aat z=800 mm.

Figures 4b and 5b show the distributions of theimgiXactor along some cross-stream
flow locations, situated on the symmetry plan. thar first case study, one can observe a slow
but separate mixing among the primary and tertaryjets, until z=600 mm. Beyond this
location a quick mixing occurs among the secondaryand the primary ones, which are
already encompassed by the tertiary air jet. Becafishe momentum raise of tertiary air jet,
in the second case, the momentum of tertiary &iisjeonsiderable increased, so the mixing
among the primary and tertiary jets is greatly ewed. Further, the contribution of the
secondary air jet at the mixing process becomeseaviat locations greater than z=600mm.

Figures 4csi 5d present the numerical profiles of the mixiagtbr along the symmetry
lines of primary air jets (A and B). In the firsise, their penetration with the air coming from
the tertiary and secondary jets is lower and olshodoes not assure the minimal conditions
for a two stage combustion. In the second case,nibxng is greatly enhanced and a
reasonable gap of the mixing factor between thmgmy air jets A and B is kept on the entire
referenced length. This last distribution can asdbe desired staggered combustion, needed
for reducing the NQemissions.

4. CONCLUSIONS

This paper presented a numerical investigation eameg the mixing of four air jets
supplied by a burner designed for obtaining a seat)jcombustion of pulverized coal. The
primary air jet (which could be mixed with the cqalrticles), is split in two streams A and B,
the secondary jet closely follows the primary jetaBd the tertiary one surrounds all the
others. Two case studies were investigated, ttierdifce between them consisting only of the
inflow velocity value of the tertiary air jet (8.48/s and 33.2 m/s, respectively).
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The results of the numerical simulations reveated the second case study assures all the
mixing conditions for obtaining a staggered comimmsof the coal pulverized in both streams
of primary air jet.
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WOOD BIOMASS, ENERGY EXPLOITATION
AND WOOD PROCESSING TECHNOLOGIES

Stefan Gabriel Adrian, Tudor Prisecaru, Nicolae Bara

University Politehnica of Bucharest
1. Introduction. Biomassin Romania and itsrole

Romania is a country that has a significant amofibiomass. Today this represents over
20% of the land area and is the easiest to spah@map especially in the plateaus, the
Carpathian foothills, valleys and depressions asll was the mountains.

It is represented by the largest forests, espgciaé leafy beech hill or plateau area - and
especially pine spruce forests and fir in the maunstand mountain valleys. In addition there
are forests of oak, ash and birch but less numguapsrs. Like in Fig.1 forests of Romania.
Below, the green represents the forest area andwthie area is the intended primary
destinations for agricultural or other types ofnp$ain red or red and pink borders are areas of
intensive exploitation of wood and blue border ardhustrates risk areas illegal logging
Abusive forest.
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Fig.1.Romania's geographical map of forests Flg 2. Wood shavmgs ca ed atchwoods
and large wood harvesgtied box.
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2. Biomass energy exploitation

Exploitation of biomass energy in Romania is vemportant, it represents about 63% of
renewable energy used in the entire country in 20b@ most important sources of biomass
they represent. logs and firewood, wood industrystea obtained as chips and
sawdust.Medium and long term growth is assured tifjyaf biomass plantations of trees and
shrubs with reduced period of growth and energp<ithat are grown on land, disabled and
other degraded lands set aside.Local energy patasitbiomass in Romania is estimated at
over 7,594 thousand toe / year, which represeri#s dftotal primary energy consumption in
the year 2010.The heat resulting from the explomatf biomass energy has different
weights in the balance of primary resources by typed destination of final
consumption.Thus 54% of biomass heat is obtaineolubying forest residues, or 89% of the
necessary heating homes and cooking in rural areas.

Biomass wood used in our country is of two types:

A) Natural biomass (generally it includes: chip woand logs); Processed biomass (pellets
and briguettes). Natural biomass is the simpledtraast common fuel used for heating in the
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domestic sector. Most convenient types of woodynaiss used for heating homes are wood
chips and logs.Wood chips are small pieces of wibad were low humidity with a much
lower density than pellets, but with a higher maistcontent than the latter. Chips requires a
much larger storage room than pellets, but arepdre@er unit of energy than these.[5] For
producing wood chips as in Fig.2. There are difietgpes of wood cutting machines: with
disc or propellers for matchwoods like in Fig.3.

Logs still use a lot of heating, the heating equepitrusing only manual feed. Not all
mass burning logs or just, so each type of woashigue to a species that belongs.
Density and composition is unique in a quantityvobd burning, the most important
indicator is the energy released from burning adixolume of logs.[2][3]

Fig.3. Equipment and woodworking machinery. Fig.4. Sawdust in a pre;suré extruded to fordesel

B) Processed biomass

Wood pellets are bigger, harder and more densetbiematchwoods. They are produced by
compacting sawdust (Fig.4) resulting from sawingwobd, using equipment similar to that
used in the preparation of animal feed. As theytoutmall size facilitates automaticpower
burner. Production costs and high processing leaels to a higher price per unit of energy.
Wood briquettes or a general type of biomass igea ffellets prepared in a similar manner,
but comparable in size with logs. They are beinghed in combustion same equipment and
facilities as logs.

. j ! | E‘ " - . i
,,M = : - i

Fig.6. Briquetting machine Fig.7. CYIidricaI liter wood briquette.

Obviously biomass burning of classes resultingtadse discharged and stored under its own
special places. Emission levels are significareguced when burning pellets and briquetting.
Sawdust is extruded into pellets resulting prestwaeform of cylindrical bodies lengths of 2-
3 cm, with a density of 1.12 kghand a high calorific value of about 18MJ/kg. Lagm
generally use manual feed heaters, they burn wittrya humidity below 25%. Wood
briquettes fuel represents a similarly preparetefsend comparable in size with logs. Wood
and agricultural biomass as a renewable sourcen@fgg is very important, its use ensures
independence from imported oil and natural gas. mbet common types of wood biomass
for home heating, wood chips, pellets, logs andjuaites burn in specialized plants at
temperatures from 600 to 760.[2][3]
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3. Methodology. Calculating the moistur e content

The direct way of calculation of wet biomass andistuve this also include the oxygen.
Typically the moisture content must be less thafo 2or logs and more than 35% for
chips.There are two methods to calculate the m@istantent used, " wet method" and" dry
method." Most used is" wet" method, althouglgeas tend to use dry method.It is important
to note that the two methods will give differensults for the same piece of wood analyzed.
Wet method of calculation is as follows: For a ditgirof wood with a mass of 10kg is dried
in an oven so that the entire quantity of watereimoved and then the amount of wood is
wheeled. The new experimentally determined ma8is[5]

1) The percentage of moisture content is calculasaag the formula:
Moisture content (CU) = [(mass of water) / (massvef wood)]- 100% [1]
CU = 2kg/10kdL00% results = 0.2100% => with = 20%
2) Method Dry calculated for the same example altagethe following formula:
Moisture content (CU) = [(mass of water) / (massgfwood)]- 100% [2]
CU = 2kg/8KglL00% results = 0.25100% => with = 25%
Making a simple calculation in an average betwéertwo methods result in formula
to calculate the average moisture content averags oss resulting loss of biomass:
Am = (0.20 +0.25) / 2100% =>Am = 22.5% [3]
Result a decrease in biomass weight at least 2&d%0the time when it was harvested and
until is valued for energy.

The moisture content.

Freshly cut wood has a moisture content of 40-60%aod.

Useful energy available depends on the amount adtore found. The ideally wood fuel
should be as dry as possible. Water does not botério the energy content of the fuel, it
substantially reduces its useful energy value &Fig.

-
I
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Fig.8.The depermenf moisture content and calorific value for aaibd.

Seriously influences by the moisture content of hiemass. Wood requires a long residence
time in the drying oven that requires a higherlgnilorder to be burned. It also need high
amount of energy to dry the fresh fuel. The dry finel is, the less energy is available as
useful heat. The moisture of the biomass is alsnagor factor affecting transport costs.
Transport costs per tone of wet wood is the santlkeasost per ton of dry wood.

4. Conclusions. The characteristic proprieties of wood biomass.

The size characteristics of woody biomass are takeraccount:
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Table.2. The table below shows the characterigg@&ssf commonly used fuels

Fuels The energy| Energy per The pile density| Energy per Energy houre

fuel mass | mass Kg/m® volume production per
GJ/t | kWh/kg MJ/n?® volume [kWh/ni]
Wood chips (highly
depend on moisture 7-15 2-4 175 - 350 2000 - 600-1000
3600

Wood logs (stack dry

air, humidity 20%) 15 4.2 300 - 550 4500- 8300 1300- 2300

Wood (solid - dry in 18-21 5-5,8 450 - 800 8100- U®3 2300- 4600

the oven)

Wood pellets 18 5 600 - 700 10800- 12600 3000- 3500

Coal (from lignite to

anthracite) 20-30 5,6-8,3 800-1100 | 16000-33000 4500- 9100

Oil 42 11,7 870 3650 10200

Natural gas 54 15 0,7 39 10,8

Choosing the right fuel depends on many factorscaedall customer priorities lead to
choosing the right fuel. For example, pellets aable for a client with limited storage space
and needs a fully automated heating system, wbge are ideal in a rural setting where the
client uses its own resource timber.

The most important factors to consider when chapgiel are:

- Avalilability - local sources on site and safety;

- Acquisition cost, including processing and deatywe

- Advantages and potential for automation;

- Availability of storage space;

- Cost of combustion equipment and the necessahstipply system

Tabel.1. The following table compares the differgpes of fuels that can be used[1][5]

Fuel Advantages Disadvantages

matchwoods - They are easy to produce from local The combustion system has higher costs;
cosmetic cutting of forests; -Suitable only for equipment greater than> 25
-Fuel costs are very low. kW.

Wood -Lower capital costs due to drier and morg -Higher fuel costs, pellets are made in presses

pellets homogeneous nature of the fuel, that require additional costs;
-Dense fuels means less storage and easy -It is unlikely that supply fuel to make it local
transport; -It does not produce local economic impact.
-Suitable for very small installations.

Logs -Easy-air circulation allows for better drying-Requires large storage space to allow their
them; preservation drying for 1-2 years.
-Can be purchased easily on site.
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STUDIESON BIOMASS SUPPLY BY THROWING OR PNEUMATIC
INJECTION

Stefan Gabriel Adrian, Tudor Prisecaru, lonel Pisa

University Politehnica of Bucharest

1. INTRODUCTION.THE IMPORTANT ROLE OF BIOMASS COMBUSTION
AND HISAVAILABILITY IN NATURE

This work study has the purpose to analysis th&edesolutions to this days regarding the
technology for energetic use of biomass for buraexsinstallation .

The study also contain some contribution to theingpation to the vegetable biomass
combustion solutions.[1]

One of the most important role in this paper warkhe biomass type and the efficient use to
burn it. The market is expanding and the use ombs that is well needed as green energy
supplement in transport and electricity.[2]

The study that | made illustrate the importancé Hiamass will represent especially in the next
generation of solid biomass fuel burners for indakand the same for single customers. Solid
biomass covers a wide range of materials: woodawst agricultural residues, energetic fields
especially made for energetic value supply, prongssastes, algae and seaweeds. Biomass is
still widely used since dark ages and even now igely spread in developing countries like
Romania, because is chip and available. The tédonas simple, that's way it is so popular in
countries that have considerable reserve of biomdss still is highly used despite the major
efforts in this late decay to make more availalifeentechnologies like wind turbine and solar
panels.[3]

My study is using as fuel only solid biomass likeoods, straws, agriculture residues and
energetic fields for heat and electricity and somes$ transport.[1] This highly use of renewable
biomass supply is so attractive and it is so ggagcally widely available that it can be used all
over the world and more important this energy wradile. Current and future estimates of
biomass utilization are subject to uncertainty glutbal values that can vary very much, but well-
resourced information is available for major coigsilike US, Europe, Russia, China, India and
Brazil.[9]

2. MATHEMATICAL MODELING OF PROCESSES OF OUTBREAKS

In this study there are presented the most impbegunations in which way that burner processes
are design to ignite fuel and to maintain the camsburning of the biomass patrticles.

The most important constants used are: the pardicmeter, the particle temperature, the gas
temperature that surround the biomass particle,sffeed on which the volatile particle are
moving in the burner, the speed on which this plertare burning, and never the less the oxygen
and the CQ@gas concentration around the particle.[5][7]

Regarding the CO concentration that is made dutiegentire burning process this will result
and could be determine from the general equatidiugiing gas.

(14+5,)

-
=

Cep = (€05 — CO,) -~ (0.605+ By) — Cpg_ -

- (0.605 + B,) 1)

B3|
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where €0, is the initial concentration, [kg/Nth This analytical model has the disadvantage that

shows the combustion process in the following way:

- Fuel particle is stationary in a stream of hat geoving along it;

- Transfer of heat from the gas is mainly by comeecbut not evidenced dependent relative
speed of particles and gases - which are considemrestant;

- Relative speed is closely correlated with pagtidiameter ranging during the combustion
process. [7][8]

- Is also observed as shown in kinematic equataom$ heat transfer by radiation under the
influence of a factogp of view it depends on the position that one hatigha at a time.[6]

3. TEORETIC STUDIES ON BIOMASS SUPPLY BY THROWING OR PNEUMATIC
INJECTION

We have a differential equation of motion of sdiiél particle injected into the combustion:

. d?
mi = Cp - ——

5 Pa [uﬂzcoszrx +uﬁzcoszﬁ' —2u,u cosrxcosﬁ'coscp) (2)

o

rd? . . . .
miE = Cf?pﬂ{uﬂ‘cos‘rx +u,"cos“8 — 2u u,cosafcosa + cos(6 — cp]]} (3)

where: a—9=0 =>a-0=¢

cos(f + @) = cosBcose — sin Bsing
cos(f — @) = cosBcosg + sin Osing
cosBcosg = ~[cos(8 + @) + cos(6 — @)

cosacosa + cos(8 — p)] = cos’a + cosacos(6 — @)
1
= cos’a +o [cos(a + 8 — @) + cos(a— 6 + @)]
cosBecosp = costa —I—% (cos20 + cos2¢) = cos®a + % [c0s26 + cos2(a—6)] (4)

where:cos(a + f) = cosa cosff — sin asinfi
cos(a + ) = cos(a — f) = 2cosacosf

+h
a+f=a =>A=a+b => g="

-
=

a—B=b B=a-b g =22

-

2042 28
cos20 + cos2¢ = 2cos— % . cos

=

2Zip

= 2cosa (5)

=
-
=

mrd

We know that:k = C; ' Pa After replacing all the terms in the original atjon results:

% =u_*+%*—2u__ - % - cos(a — @) (6)
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¥ —xsina+yooso 2

Uy, = U cosa =1u, | —== —-[1— (—)]LE] cosa (7
Y 0,316C (xcosx+ysing) Clxcosatysing)

We know that:

W = C(xcosa + ysina) ;

Z = —xsina + ycosa and
B= |2
‘\ll 0,316

Equation becomes after replacing terms:

1 WET 4
Ugr = U B m = FET (8)
un_..;:-W z z z 7
uy 2B =1- 4“‘“1"[;}3 +6- (;]3 - 4I“\I||[;]9+ [;]6 9)

We know that: v = (&ja

Thus resulting final equation:

Uge s W
uD:-B:

1— 4V +6V—4,/(V) + V2 (10)

4ELEMENTARY COMPOSITION ANALYSISOF BIOMASS

Currently an important quantity from 25 to 40% lé total wheat straw, corn stalks and are not
used although it may be an important source ofwabé energy. Grain residues energy locally
operated mainly in the plains are the most acclesaiinl cheaper solid fuel [1][11]

Burning wood waste aims to harness the procesdlisenced by the amount of oxygen found in
the air used for combustion.

Wood burning occurs to the total of body formedoxidation of cellulose, lignin, hemicellulose,
extracted, remaining only the inorganic (ash) cosegoof salts, soluble (sodium and potassium
carbonates, sulfates, chlorides and silicates)andsoluble salts (calcium oxide, phosphates,
oxides of iron, manganese, etc).[12][13]
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Emission levels are significantly reduced when pssed and burned biomass; crumble corn
stalks, cereal pellets and briquettes. Thus thecastent of a ton of biomass processed is 9 times
lower than for a similar amount of coal, sulfur @xicontent of at least 5 times lower nitrogen
oxide, 2.6 times lower and the carbon dioxide 4esmObviously biomass burning of classes

resulting ash to be discharged and stored undewitsspecial places. [10][11][12][13]

Table 1. Elemental composition and calorific value of the six t

pes of plant biomass and lignite,[10]

Biomass | C H O S N w A Other Q
sample | [%] |[%] |[%] |[[%] |[%] |[%] |[%] |Metals%] | [kJ/kg]
Cl,Ca,K,P | (Kcal/kg)
Wood 48- 6.2- | 40- <0.05/0.01- |5-60 | 0.4- |0.8-1.6 16500-
52 6.4 43.5 0.03 0,5 17200
Wood 51 6.3 41.8 | 0.01-]0.02 | 7.7 0.7 0.8 17270-
pellets 0.002 18500
Wheat 14800-
straw 456 |5.8 42.4 |0.082 | 0.48 |4.7 0.57 |1.72 16150
Corn 13250-
cobs 457 | 5.3 41.7 |0.12 |0.65 |8.9 0.9 0.65 13750
Crumble 14850-
corn 457 |5.3 41.7 |0.12 | 0.63 |6.