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Rezumat: in lucrare se prezinti solutia constructiva si principiul de functionare a unui motor termic rotativ care
functioneaza cu abur; se stabileste o relatie originalad pentru calculul puterii motorului.

in functie de cerintele contractului de cercetare se determini principalele dimensiuni ale motorului rotativ §i se
precizeaza parametrii de lucru ai agentului termic.

Se precizeaza conditiile de functionare astfel incat motorul sa furnizeze la arbore o putere de 10 kW.

Cuvinte cheie: rotor profilat, motor rotativ cu abur.

Abstract: The paper presents the constructive solution and the functioning principle of a steam rotating thermic
motor; an original relation for the computation of the motor power is established.

According to the requirements of the research contract, the main dimensions of the rotating motor are established
and the working parameters of the thermic agent are specified.

The functioning conditions are determined in such a way that the motor can deliver to the shaft a power of 10 kW.

Keywords: profiled rotor, steam rotating motor.

1. INTRODUCERE

Pentru cei care construiesc motoare termice,
scopul final este ca randamentul efectiv al
motorului sa fie cat mai mare.

Cercetdri intense se efectueazd In vederea
construirii unor motoare cu piston rotativ, care prin
lipsa fortelor neechilibrate si a momentelor fortelor
de inertie, au o perspectiva mai larga de dezvoltare,
in comparatie cu motoarele cu piston in miscare
rectilinie alternativa.

Atentia cercetatorilor se 1Indreaptd spre
eliminarea sistemului bield-manivela; aparifia unor
noi tipuri de motoare termice ca cele cu pistone
rotative este evident necesara si 1n scurt timp ele
vor fi 1n curs de experimentare. Ele pot functiona
cu abur livrat de un cazan sau cu gaze de ardere
provenite dintr-o camera de ardere.

Motoarele termice cu piston rotativ, sunt acelea
la care organele active reprezentate prin pistoane,
efectueaza o miscare de rotatie uniforma; aceasta
miscare nu este limitatd pe pozitii de oprire sau de
schimbare de sens de miscare.

In functie de solutia constructivi motoarele
termice rotative se pot clasifica astfel:

[-Motoare cu piston rotativ propriu-zis;
II-Motoare cu piston giratoriu.

Dupa modul de destindere a agentului termic
motoarele cu pistoane rotative pot fi cu un singur
corp sau cu mai multe corpuri; agentul termic dupa
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ce s-a destins 1n primul corp (presiunea scade de la
p: la py), patrunde in al doilea corp unde se
destinde in continuare (presiunea scade de la py la
p2)-

Valoarea lui p, se alege in functie de Incadrarea
motorului in schema instalatiei de forta cu abur:

- motor termic cu contrapresiune;
- motor termic cu condensatie.

In prezenta lucrare se prezinti solutia
constructivd a unui motor termic rotativ care
constituie obiectul unui contract de cercetare
stiintifica.

Centru National de Management Programe
(C.N.M.P.) prin programul 4-Parteneriate in
domeniile prioritare a incheiat un accord ferm de
colaborare cu “C.O. Oskar von Miller” —Institut de
Conceptie Cercetare si Proiectare Echipamente
Termoenergetice (I.C.C.P.E.T) pentru realizarea
proiectului nr.22-093/2008 cu titlul:”’Instalatie de
cogenerare de mica putere compusd din cazan de
abur pe biomasda - masind termicd cu abur-
generator electric”.

In cadrul acestui
urmatoarele institutii:

Coordonator:I.C.P.E.T. cu sediul in Bucuresti,
Calea Rahovei, nr.266-268 sector 5;

Partener 1:Institutul de Cercetéri Electrotehnice
(I.C.P.E) cu sediul in Bucuresti, Splaiul Unirii,
nr.313, sector 3;

proiect sunt cuprinse



Partener 2:Siemens Program and System -—

Engineering, cu sediul in Brasov, str.Colina
Universitatii;

Partener  3:Universitatea  Politehnica  din
Bucuresti  (U.P.B) cu sediul in Splaiul

Independentei, nr.313, sector 6 Bucuresti;

Partener 4:S.R.L.Aristocrat cu sediul in
Ramnicul Vilcea, str. General Magheru, nr.25,
Judetul Vilcea.

Obiectivul general al proiectului constd in
realizarea unei instalatii de cogenerare compusa
dintr-un cazan care arde biomasa si produce abur;
aburul actioneaza o masina termica care antreneaza
un generator electric de putere mica (sub 10 kW);
la iesirea din masina termicd aburul cedeaza
caldura unor consumatori industriali.

Deci instalatia de cogenerare produce:

- energie electrica;

- energie termica (cdldura livratd sub forma de
abur).

In cadrul acestui proiect U.P.B. prin Facultatea
de Inginerie Mecanicad si Mecatronicd s-a angajat
in rezolvarea urmatoarelor probleme:

Etapal:Studiu privind solutiile tehnice de
masini termice cu abur de putere micd (etapa
predata in anul 2009);

Etapa II:Proiect tehnic model experimental
masind cu abur (etapa care va fi predatd in anul
2010).

Masina termicd actionatd de abur este de fapt
un motor rotativ care are la bazd un brevet de
inventie [1]; in lucrare se va evidentia influenta
parametrilor constructivi si functionali asupra
puterii teoretice a masinii si a debitului de agent
termic care actioneaza masina.

2. SOLUTIA CONSTRCTIVA SI PRINCIPIUL
DE FUNCTIONARE

In aceasti varianti ambele rotoare sunt
actionate de cdtre agentul termic, ele produc
energie mecanicd. Cuplul motor M =
Fortd - brat este maxim pe parcursul a 360°.
Raportul intre 1inaltimea pistonului si raza

rotorului cat si alte dimensiuni si detalii
constructive se stabilesc in functie de
parametrii agentului de lucru si puterea
solicitata.

In figura 1 se prezinta principiul de
functionare; astfel agentul termic (abur sau
gaze de ardere) patrunde in motor cu presiune
si temperaturda mare §i apasa pistoanele
rotative 1 si 3’ care se rotesc in doud camere
cilindrice (A si B); cei doi rotori (C, D) sunt
tangenti i rotirea lor sincrona este asigurata
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prin doud roti dintate cu acelasi diametru si
acelasi numar de dinti amplasate in exteriorul
motorului pe cei doi arbori (E, F).

Sub actiunea agentului termic cele doua
rotoare se rotesc in sens invers (unul singur
poate transmite puterea in exteriorul motorului)
pistoanele urmarite fiind 1 si 3’; ele se rotesc
cu 180° (fig.1.b, c¢); in fig.1l.c pistonul 1
deschide canalul de evacuare si presiunea
aburului scade brusc. In continuare pistonul 1
ajunge In pozitie initiald si ciclul se repeta
(fig.1).

Pistoanele de pe rotorul inferior (1, 2) se
angreneazd cu golurile 17 si 2° de pe rotorul
superior; simultan pistoanele 3’ si 4° de pe
rotorul superior se angreneaza cu golurile 3 si
4 de pe rotorul inferior.

Din figura 1 se observa ca spre deosebire de
masinile cu abur cu piston aici momentul
motor transmis la arbore este maxim: M =
F . brat, in care tot timpul bratul este chiar
raza de la centrul arborelui la centrul
pistonului.

EFr T TT I T iaddirs:

Fig.1. Principiul de functionare al motorului rotativ cu
doua rotoare principale A —cilindru inferior;B- cilindru
superior; C-rotor superior; D-rotor inferior, 1, 2, 3,4 -

pistoane rotative;
1, 27,3,4—g01uri in care intra pistoanele

Daca se urmareste procesul de functionare se
observa urmatorul avantaj:
-cuplul obtinut la arbore este maxim.

3. CALCULUL PUTERII TEORETICE
PRODUSA DE MOTORUL TERMIC
ROTATIV

Lucrul mecanic de dislocare in unitatea de
timp efectuat de agentul termic este dat de
relatia [2] [3] [4] :

L, =ml, [W] (1)
in care : m — debitul de agent termic care intra
in motor [kg/s]
l; — lucrul mecanic specific de dislocare
aferent ambelor rotoare [J/kg]
Pentru rotor, puterea dezvoltatd este data de relatia:
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P,

1r

m
= El‘“’ (W] (2)

%=pAw=pV}, Wl (3

in care : p -densitatea agentului termic [kg/m’]
A- aria sectiunii de curgere[mz]
w- viteza de curgere [m/s]

Vlr -debitul volumic aferent unui rotor [m’/s]

V., =V_nv [W] (4)

in care:V, . -volumul de agent termic care curge intre
suprafata rotorului si suprafata interioard a carcasei
[m’/rot.]
V-frecventa de rotatie [rot/s]
Din figura 1 se observa ca:

V. =@R>-aRr?)l (m*]  (5)
in care: R—raza carcasei [m]
R, -raza rotorului [m]
[ -lungimea pistonului [m]
Evident: R.= R, +z [m], in care z este 1naltimea
pistonului.
Introducand relatia (5) 1n relatia (4) si ulterior in
relatia (2) se obtine:

”2’;: p(aR2 = 2R )iy 6)
Marimea:
(TERCZ - R’ )l (7

este chiar volumul (V,,) generat de piston in
miscarea sa; marime care poate fi exprimata si 1n alt
mod:

Z
v, = 27:(& + Ejzl (8)
Din (6) si (8) obtinem:
m Z
—=21pV| R +— |zl 9
it o
Introducand relatia (9) in relatia (2) obtinem
P, = 2;:,01{1?, + g]zzd,, y (10)

Lucrul mecanic specific de dislocare este dat de
relatia:
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Dy

—jvdp (11)

Ly, =
P

in care: v — volumul specific al agentului termic la
Pt

1
Ly, =(p; =P, ) Vv=(p, —px)-; /kg] (12)

Introducand relatia (12) in relatia (10) se obtine:

1
P]r zzﬁpU(Rr +§jZl(p1 — Dy )_
(13)
P]r :Zﬂ(Rr +§jzl(p] _px )U [W]

Puterea obtinuta la fiecare rotor este aceeasi
deci motorul furnizeaza o putere:

P =2P, = Z{Mp{m jzl(pl - mv}
(14)

P =27zI2R, +2)]l(p, - p,)V]

r+Z

n
P =7dz(2Rr+z)(p1—p2)% W] (15
in care n este turatia motorului [rot/min]
Din relatia 15 se observd ca puterea este
influentatd de doua categorii de parametrii:

DParametrii functionali:

- Cu cat diferenta de presiune (p, —p,)va fi
mai mare cu atit puterea va creste;

-Puterea creste odatd cu sporirea turatiei
motorului.

I)Parametri geometrici:

-Puterea creste liniar cu lungimea rotorului (/);
-Puterea creste cu patratul Tnal{imii pistonului

(2).

3. DIMENSIONAREA MOTORULUI
TERMIC

La dimensionare se va tine cont de conditia

[5] < <0423
R

c

restrictiva cait si de
posibilitdtile de realizare a rotoarelor pe un
centru de prelucrare cu comandd numericd
(C.N.CO).

Profilul rotorului are o forma speciald
prezentata in lucrdrile [6] [7], iar tehnologia de
executie este precizata in lucrarile [8] [9].

Prin contractul de cercetare precizat anterior

se cere ca la cupla motorului sa dispunem de o



putere efectivda de 10 kW necesard pentru
antrenarea unui generator electric.

Dupa numeroase cercetari si incercari s-au ales
dimensiunile principale ale motorului termic
rotativ:

a)inéltime piston rotativ : z=0,04m;

b)Lungime rotor : /=0,04m;

¢)Raza rotorului: R,=0,08m.

Parametrii functionali:

-Parametrii aburului la intrarea in motor:

p;=15 bar; ,=250°C
-Parametrii aburului la iesirea din motor:
p>=2 bar; t,=120°C

-Turatia motorului 750 rot/min.
Din lucrarea [10] pentru p =15bar corespunde o

temperatura de saturatie #, =198,28 = 200°C si o

entalpie a aburului 4" =2792 kJ/kg (fig.2).
Se observd ca dispunem de un interval de
supraincalzire al aburului de la ¢, =200°C la

1, =250°C, iar entalpia aburului va creste de la
h"=2792 kJ/kg la b, =2921 kJ/kg.

Aburul produs de cazan va actiona un motor cu
abur rotativ care va antrena un generator electric de
putere P =10kW.

La iesire din motor aburul va fi utilizat de catre un
consumator industrial de caldurd, care va returna
condensul Tnapoi catre cazan. Pentru a ajunge la
acest consumator se apreciazd ca pierderile de
presiune pe traseu si in schimbatorul de céldura
sunt de circa 1 bar, deci la iesire din motor aburul

va avea parametrii: p, =2 bar si t, =120°C (fig.
2).

h{  p=15bar
t,=250°C
hy b
/ p,= 2 bar
t,= 120°C
hz__7 —

Fig. 2. Procesul de destindere al aburului in diagrama h—s:

h =2921kJ/kg; h, =2525 kl/kg .
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Inlocuind in formula de calcul a puterii:

750
P=x-004-0,04(2-0,08+0,04)(15-2 10 - ==
, ( JI5=2)I0°-725 (16

=32656,0W
rezulta o putere teoretica de 32,6 kW.

Tindnd cont cad randamentul efectiv al
masinilor termice este de 30 +40 % rezulta

pentru 77, =0326 o putere efectiva

P, =P -1, =326-0326=10,6 kW.

4. STABILIREA CONSUMULUI DE AGENT
TERMIC

Debitul volumic de abur care trece prin masind
este dat de relatia:

: n
V=ml-2R +z) — (17)
( )30
V=7Z'~0,04~0,04(2-0,08+0,04)-@
; (18)
=0,025]]2m—=90,432m3/h
s
Debitul masic:
m=p-V [kels]. (19)
1 . .
p=—; din [10] pentru p=15 bar si
%
t =250°C rezulta:
v=0,1518 m’/kg. (20)
p—L—6587k /m’ (21)
01518 0 E

m=6,587-0,025112=0,16541 kg/s =
=595,47 kg/h =600 kg/h
Aceasta valoare poate fi stabilitd si in alt mod ,

astfel:
Aburul circuld Tn masina cu viteza tangentiala:

w=w-R= 276[0’1 [Rr +§j:
(22)
_27730 () 08+0,02)=7.85m/ s
Sectiunea de curgere a aburului:
2(0,04x0,04) = 10,0032 m? (23)

Debitul de abur:
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m=p-A-w=6587-0,00327,85=0,1654 kg/h

=595,6 kg/h = 600 kg/h (24)

5. CONCLUZII

1.Cuplu motor M =F -b-sina unde & este
unghiul dintre fortd si bratul fortei (R+§) este

maxim (@ = 90° ) pe parcursul unei rotatii.
2.Dimensiunile de gabarit ale motorului rotativ
sunt mult mai reduse decét la alte masini termice.
3.Motorul termic rotativ asigurd cogenerarea
energiei, adicd producerea concomitentd de energie
electrica si energie termica.

4.Cercetdrile vor continua in sensul stabilirii
fractionarii destinderii aburului de la p; la p, in mai
multe corpuri legate succesiv.
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ANALIZA COMPARATIVA A PROPRIETATILOR
BIOCOMBUSTIBILILOR DIN ULEI DE PALMIER
RESPECTIV ULEI OBTINUT DIN PESTE
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Rezumat.Lucrarea prezinta analiza comparativa a proprietatilor chimice a biocombustibilului obtinut din ulei de
palmier si a biocombustibilului din ulei de peste, proprietati care influenteaza arderea biocombustibilului
Cuvinte cheie:biocombustibil, densitate, vascozitate.

Abstract.The paper presents the comparative analysis of the chemical properties of palm tree oil biofuel and fish

oil biofuel, properties that influence biofuel burning.
Keywords: biofuel, density, viscosity.

1. DETERMINAREA PRINCIPALILOR
INDICI AT BIOCOMBUSTIBILILOR

In  determinarea indicilor calitativi ai
biodieselului s-au studiat principalele proprietati
ale combustibilului care au legatura directda cu
necesitatile motorului.

In acest scop, proprietitile combustibilului au fost
grupate 1n trei clase mari:

- dupa influentele pe care le exercitd asupra
formarii amestecului, asupra autoaprinderii si
arderii combustibilului;

- asupra uzurii motorului;

- asupra transportului  si
manipularii combustibilului.

Se vor lua In considerare numai proprietatile
care prezintd interes 1n determinarea capacitatii
uleiurilor (biocombustibilului) de a constitui un
inlocuitor pentru combustibilii diesel clasici.

Determinarile indicilor calitativi ai
biocombustibilului s-au facut conform standardelor
in vigoare specifice acestuia

depozitarii,
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Proprietdt care influenteazd
pulvettzarea, vaporizarea,
—+ autoaprindsrea ;i anderes

corabustibililor

Propuetile 8200 pyopriedy careinfenters —>

chirrice ale

—* ymura motorlui
combustibililor

Proprietiti care influenteazd
—* transportul, depozitarea o
manipularea corhusibilulu

Cotrpozitia frachonatd
Densitatea

Prestunea de vapon Read
Viseozitatea corbugibitulul
Tendunea muperficiali
Temperatura deamtoagrindere
Cifta cetarucd

Indicele de cocs

Putere calortfcd

Actittate minerald o alcalnitatea

Aciditate organicd

Confinual de ulf

Efectul de coroziune asupta lamel de cupr
[myuntat mecardce

Confirmtnl de apd

Confitmbal de cemipd

Gume achile
Pericada deinductie
Cifta deiod

—+ Punctul de congelare

Ternperatura de tlburars
Punctul dz inflamabilitate
Culbarea

Fig. 1. Proprietati fizico-chimice ale combustibililor
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Tabelull 2. DETERMINAREA INDICELUI DE
Standardul European pentru Biodiesel (EN 14214) REFRACTIE CU REFRACTOMETRUL
Proprietati Unitate Limite Metode ABBE
de Min. de
: masurd_| Max. testare Principiul metodei. Modificarea directiei de
;?:Eimut de | %(mm7) | 96,5 ) ?Z ﬁg propagare a unei raze de lumina care trece' dintr-un
Densitatea 1a | kgm” 860 1 900 [ENISO mediu in altul, la suprafata de separatie dintre ele,
15°C 3675 se numeste refractie. Schimbarea directiei are loc
Viscozitate la | mm?® s’ 3,5 5 EN ISO conform legii refractiei:
40°C 3104 sini _ M
Punctul  de °C 120 | - [1SO/CD sinr ﬂ_l
inflamabilitate 3679
Reziduu %mm’) | - | 03 | ENISO (D
Carbon 10370
Valoarea acid mg - - pr EN in care:
NaOH g 14104 i - este unghiul de incidentd format de raza
! incidenta cu normala la suprafata de separatie;
Indice cetan - 51 - | ENISO r - este unghiul de refractie format de raza
5165 refractatd cu normala la suprafata de separatie;
Confinut  de | mgkg’ - 10 - n, . este indicele de refractie al mediului 1 din care
sulfuri - vine raza;
Confinut  de | %(mm™) | - 002} ISO n, - este indicele de refractie al mediului al doilea
zﬁilflfrzté 3987 in care trece raza.
Continut apa mg kg N 500 | ENISO Rezultatele determindrilor sunt trecute in tabelul 2.
12937
Contaminare mg kg - 24 EN . . . . Tabelul 2
totali 12662 Valorile Indicelui de refractie pentru pro.bel.e de
Stabilitate hr 6 = | prEN : _ : __biodiesel
oxidare 110°C 14112 Biocombustibil obtinut Biocombustibil obtinut
Valoarea de - - 120 | prEN din ulei de peste din palmier
iod 14111
Acid Tlinoleic | %(mm™) | - | 12 | prEN 1,4520 1,4500
de metil ester 14103
Polincaturate | %(mm™) | - [ 1 - 3. DETERMINAREA INDICELUI DE
(24 duble ACIDITATE
legdturi) metil
gséi?inut %mm) | - 02 | prEN Indicele de aciditate este determinat cu expresia :
metanol - 14110 Indicele de aciditate = K-V
Continut Jo(m m’™) - 0,8 pr EN M
mogliceride . 14105 unde: K- titrul solutiei de KOH 0,1IN
Continut %(m m”) - 0.2 | prEN V - volumul de hidroxid folosit la titrare, ml.
dlgh?erlde - 14105 M - masa de biocombustibilulufolosita la titrare, g
C.onpnu.t %o(m m’) ) 0.2 | prEN Rezultatele obtinute sunt trecute in Tabelul 3.
trigliceride 14105
Glicerol liber | %(mm™) | - 0,2 | prEN
14105 Tabelul 3
Glicerol total | %(mm™) | - |0.25| prEN Aciditatea probelor de biocombustibil
. : 14105 Biocombustibil obtinut Biocombustibil obtinut
aclggl;il;lut mg ke i > 11)2 F (g din ulei de peste din palmier
Continut de | mgkg' - 10 pr EN 1,07 0,45
fosfor 14107
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4. DETERMINAREA CURBEI DE
DISTILARE LA PROBELE DE
BIOCOMBUSTIBIL

Curba de distilare se determina pe un volum de
100 ml de biocombustibil, masurdnd temperatura
pentru fiecare volum de 10 ml de biocombustibil
adus 1n stare de vapori ulterior condensat; cu datele
obtinute se traseaza o curba care reprezinta variatia
temperaturii functie de cantitatea de
biocombustibil distilat, exprimata in procente de
volum, Fig.2. De pe curba de distilare se citesc
temperaturile la care a distilat 10%, 50% respectiv
90% din volumul total de biocombustibil
temperaturi notate cu Tyg, Tso si Top.

Cu cit aceste temperaturi sunt mai mici cu atat

biodieselul este mai volatil. Temperatura
punctului de 10% reprezintd aptitudinea
biocombustibilui de pornire a motorului. Perioada
de ncalzire a motorului este reflectata de valoarea
Tso iar vaporizarea si arderea integrala precum si
consumul de carburant pot fi corelate cu Ty, ca si
cu temperatura finala de fierbere. Biodieselul cu
volatilitate ridicatda prezintd si o serie de
dezavantaje printre care pericolul de a forma
dopuri de vapori si tendinta de finghetare a
combustibilului, Tmpiedicind alimentarea si
provocand astfel oprirea motorului.
Dacia biocombustibilul nu este suficient de volatil,
nu se evapora integral, nu arde integral si partile
nearse dilueaza uleiul provocind o serie de efecte
negative si o uzurd accentuatd a motorului. Se
recomandd utilizarea biodieselulu
biocombustibilului cu volatilitate mare in timpul
iernii §i a celor mai putin volatile pe timp de vara.

350 1
330 -
310 -
290 -
270 A
250 -
230
210 A
190 +
170 ~
150 T T T T T

0 10 20 30 40 50 60 70

Volum,ml

Temperatura, °C

80 90 100

Fig. 2. Curba de distilare a biocombustibilui obtinut din

ulei de peste
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Fig. 3. Curba de distilare a biocombustibilului obtinut din ulei
de palmier

5. DETERMINAREA PUNCTULUI DE
INFLAMABILITATE
Prin punct de inflamabilitate al unui

combustibil se intelege temperatura cea mai joasa
la presiunea atmosfericd normald la care vaporii
degajati din produsul analizat in amestec cu aerul
de deasupra produsului se aprind in contact cu o
flacara, fara a continua sa arda.

Punctul de inflamabilitate este o caracteristica
a lubrefiantilor, respectiv a combustibililor, dandu-
ne indicatii asupra pericolului de aprindere, asupra
degradarii. Practic, se determind punctul de
inflamabilitate al unor combustibili, cu aparatul
Pensky-Martens.

Tabelul 4
Punctul de inflamabilitate, °C
Biocombustibil Biocombustibil
obtinut din ulei de obtinut din palmier
peste
106 166

Parametrul indica, la biocombustibilul alcoolul
rezidual (metanolul) ramas in compusul final.
Reziduul de metanol poate determina degradarea
elastomerilor si a etanseitatilor de la motoare,
precum si coroziunea aluminiului si a zincului
prezente la injectoare.

6. DETERMINAREA PUNCTULUI
CONGELARE

DE

Punctul de congelare este temperatura cea mai
inaltd la care un produs petrolier, lichid, supus
récirii, In conditii definite, practic inceteaza sa mai
curga.



Punctul de congelare permite sd se aprecieze
mobilitatea combustibililor lichizi la transvazare si
intrebuintare la temperaturi relativ joase.

o

Fig. 4. Dispozitiv pentru determinarea punctului de congelare

- dispozitiv compus dintr-o eprubetd de sticla cu
fund rotund (1) fixatd in interiorul mansonului de
sticla (2) printr-o placd de plutd perforata (3) si
prevazutd cu dop perforat pentru trecerea unui
termometru. Eprubeta are un reper indicator al
nivelului de umplere cu lichid;

- baie de racire (4) izolatd termic, prevazutd cu un
suport de sustinere (5) a mansonului (2);

- termometre.

Tabelul 5

Punctul de congelare, °C

Biocombustibil obtinut
din ulei de peste

Biocombustibil obtinut
din palmier

1 -8

7. DETERMINAREA PUNCTULUI DE
TULBURARE

Comportarea uleiurilor la temperaturi scazute
depinde 1n special de prezenta componentilor care
se separa (parafine, cerezine).

Separarea are loc Tnainte de pierderea
mobilitatii si este insotita de tulburarea uleiului.

Temperatura de tulburare a unui combustibil
pentru motoare este temperatura la care
combustibilul incepe sd se tulbure prin racire in
anumite conditii.
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Temperatura la care are loc acest fenomen este,
de obicei, cu 3-5°C mai ridicatd decat punctul de
curgere (congelare).

Efectuarea determinarii:

In timpul racirii, combustibilul din eprubeta se
amestecd cu un agitator cu o vitezd de 60-200
curse/ minut (prin cursd se Tintelege coborarea
agitatorului pana la fundul eprubetei si ridicarea lui
pana la nivelul combustibilului).

Amestecarea manuald se face in perioade de
cate 20 secunde cu o oprire de 15 secunde dupa
fiecare perioada.

Cu 5°C inainte de atingerea presupusului punct
de tulburare se verifica transparenta
combustibilului cu o proba etalon, la lumina unui
bec.

Durata operatiei de observare a tulburelii
amestecului de cercetat, de la scoaterea eprubetei
din mediul de racire pana la introducerea ei inapoi,
trebuie sa fie de maxim 15 secunde.

Daci nu s-a schimbat combustibilul in
comparatie cu etalonul, se introduce din nou
eprubeta in vasul de racire si se fac observatii dupa
fiecare cobordre a temperaturii cu 1°C pana cand
apare tulbureala.

Temperatura la care, in combustibilul de
cercetat se observd cu ochiul liber, aparitia
tulburelii sau a unui nouras, se considera
temperatura de tulbureala a combustibilului.

Datele obtinute sunt trecute in tabelul 6.
Tabelul 6
Valoarea punctului de tulburare
Punctul de tulburare, °C

Biocombustibil Biocombustibil obtinut

obtinut din ulei de din palmier
peste

1 2

8. DETERMINAREA
CINEMATICE

VASCOZITATII

Viscozitatea cinematicd 7y reprzintd expresia
fortei de legatura a moleculelor unui fluid intre ele
sau rezistenta pe care o ofera fluidul la curgere.

Viscozitatea cinematica este calculatd pornind
de la timpii de curgere a unui volum bine
determinat de ulei printr-un capilar calibrat, in
conditii de temperatura si presiune foarte bine
controlate.

Determinarea vascozitdtii poate fi determinata
direct cu ajutorul vascozimetrelor capialre tip
Oswald sau Ubbelohde, prezentat 1n figura.5.



ANALIZA COMPARATIVA A PROPRIETATILOR BIOCOMBUSTIBILILOR DIN ULEI DE PALMIER

. » 1
Fig. 5. Aparat Ubbelohde pentru determinarea vascozitatii

In principiu aceste aparate sunt formate din doua
rezervoare din sticla cu volum calibrat, legate intre
ele prin tuburi de legaturd din sticld si o capilarad
calibrata prin care se scurge un volum constant de
produs.

Produsul de cercetat se introduce in rezervorul
aparatului pand la nivelul indicat pe acesta. Cand
temperatura s-a uniformizat si a ajuns la valoarea
dorita determindrii se aspira lichidul pana Ila
umplerea celor doud bule ale aparatului si se
porneste cronometrul masurdndu-se timpul necesar
scurgerii lichidului Intre cele doua repere

Viscozitatea cinematicd se calculeazd cu
formula:

vy=K.rt

unde :

v — vascoziztatea cinematica, mm?/s;

K - constanta capilarei, mm?/s? ;

T — timpul masurat, s.

Tabelul 7
Viscozitatea probelor de biodiesel
Biocombustibil Biocombustibil
obtinut din ulei de obtinut din palmier
peste
7,2 5,02
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9. CONCLUZII

Se observa ca vascozitatea biocombustibilui
din ulei de peste este ai mare decat cea a celui de
palmier, lucru ceea ce influenteaza procesul de
alimentare si pe cel de ardere la temperature
ambiante scazute, ceea ce duce la necesitatea
preincalzirii biocombustibilului din ulei de palmier

Biocombustibilul obtinut din ulei de palmier se
poate folosi doar vara deoarece in anotimpurile
racoroase are tendinta de soliificare in timp ce
biocombustibilul din ulei de peste poate fi folosit
in orice anotimp.
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Abstract: In lucrarea de fata, a fost realizat experimental si este prezentat modul de variatie a nivelului noxelor,
emise de catre autoturismele echipate cu motoare cu aprindere prin scanteie, in functie de temperatura ambianta,
intre inspectile tehnice periodice. Pentru determinarea valorilor masurate experimental, la autoturismele echipate
cu motor cu aprindere prin scanteie, s-a utilizat analizorul de gaze MAHA MGTS5-Eurosystem.

Cuvinte cheie: nivelul noxelor, temperatura, motor cu aprindere prin scanteie.

Abstract: An experimental study was undertaken to evaluate the influence of ambient temperature on the
emissions of spark ignition engines fitted to passenger cars. Measurements were performed at fixed intervals to
evaluate emissions variations between periodical technical inspections. A MAHA MGTS5-Eurosystem was used

for the experimental trials.

Keywords: emissions levels, ambient temperature, spark ignition engine.

1. INTRODUCTION

Experimental research was developed in order
to evaluate the way emissions coming from spark
ignition (SI) engines, within the timeframe
between two technical inspections [1,2].

A MAHA MGT5-Eurosystem gas analyzer
was used to measure emitted carbon monoxide
(CO), unburned hydrocarbons (HC) and carbon
dioxide (CO,) values. This equipment is based on
the SMD technology, a modular construction
available in any MAHA apparatus that allows this
type of equipment to be connected in a network.

The experimental research was undertaken on
a Porsche type 928 GTS passenger car powered by
a high performance Otto engine [3, 4]. The vehicle
featured an average mileage of 2583 km between
two technical inspections, mostly driven in
highway regime [5].

TERMOTEHNICA 1/2011

2. THEORETICAL CONSIDERATIONS

Technical specifications for the Porsche 928

GTS passenger car Otto engine [6]

- engine code =M 28.50

- engine type = Otto, 4 stroke

- configuration = 8 V cylinders, twin

camshaft, 32 valves

- power = 257/350 [kW/CP]

- max engine speed = 5700 [1/min]

- displacement = 5397 [cm’]

- transmission = automatic (CVA 4+1)

- gearratios =15

- emissions rating = Euro II

3. EXPERIMENTAL RESULTS

Tables I, II and III shown below contain
measurements of HC, CO and CO, emissions for
different ambient temperatures, with the engine
running at idle or at maximum engine speed.
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Table 1
Values for HC emissions
Time HC emissions during | HC at rated engine Mileage between two Ambient
frame at idle operation speed technical inspections temperature
[month] [ppm] [ppm] [km] text [°C]
January 35 10 10000 -8
February 47 24 11500 -2
March 120 78 14000 12
April 170 120 16800 20
May 225 142 20000 26
June 242 165 22000 34
July 267 183 25000 38
August 240 175 29000 36
September 187 136 34000 20
October 148 95 36500 14
November 85 65 38700 6
December 20 0 41000 -6
Table 2
Values for CO emissions
Time CO emissions during CO at rated engine Mileage between two Ambient
frame at idle operation speed technical inspections temperature
[month] [ppm] [ppm] [km] texs [°C]
January 0.01 0.02 10000 -8
February 0.07 0.05 11500 -2
March 0.24 0.13 14000 12
April 0.33 0.18 16800 20
May 0.34 0.22 20000 26
June 0.28 0.26 22000 34
July 0.17 0.24 25000 38
August 0.28 0.22 29000 36
September 0.34 0.17 34000 20
October 0.25 0.14 36500 14
November 0.15 0.1 38700 6
December 0 0 41000 -6
Table 3
Values for CO, emissions
Time CO, emissions during | CO; at rated engine Mileage between two Ambient
frame at idle operation speed technical inspections temperature
[month] [ppm] [ppm] [km] tex [°C]
January 12.7 13.8 10000 -8
February 13.1 14.1 11500 -2
March 14.2 15 14000 12
April 15 15.7 16800 20
May 15.3 15.8 20000 26
June 154 15.8 22000 34
July 15.6 15.9 25000 38
August 15.2 15.8 29000 36
September 15 15.7 34000 20
October 14.2 15.2 36500 14
November 13.5 14.8 38700 6
December 12.7 13.8 41000 -6
TERMOTEHNICA 1/2011
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Fig. 1. HC emissions variation for different ambient
temperatures
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Fig. 2. CO emissions variation for different ambient
temperatures
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Fig. 3. CO, emissions variation for different ambient
temperatures
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4. CONCLUSIONS

An increase of HC emissions was observed as
the ambient temperature increased [7, 8], and idle
operation featured higher unburned hydrocarbons
emissions compared to rated engine speed (figure
1).

Concerning CO emissions, higher values for
idle can be noticed as compared to top engine
speed (figure 2).

Given that the CO, emissions are dependent on
the fuel consumption value, idle carbon dioxide
emissions are lower for idle operation than those at
rated engine speed (figure 3).

Within the entire internal combustion engines
population, the SI engine is considered the greatest
contributor to pollutant emissions, not so much
because of the working principle, but rather
because of a higher percentage compared to
compression ignition aggregates used in the
automotive transport sector.

Regulations for technical inspections stipulate
that the exhaust gas is to be analyzed for two
working regimes (idle and rated engine sped), that
can result in significant differences compared to
the case of drive cycle trial. Therefore, there is
always the possibility that a vehicle no longer
fulfils the emissions limits that it was designed to.
This situation can be caused by normal engine
wear, as well as improper operating conditions
such as late engine oil change, delayed filter
change, low fuel quality and so on.
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Abstract: In lucrarea de fata, a fost realizat experimental si este prezentat modul de variatie a nivelului noxelor,
emise de catre autoturismele echipate cu motoare cu aprindere prin comprimare, intre inspectile tehnice periodice.
Cercetarile facute prin masuratori au fost efectuate utilizand un analizor de gaze de tip VLT 4590.

Cuvinte cheie: nivelul noxelor, inspectii tehnice periodice, motor cu aprindere prin comprimare.

Abstract: Measurements of emissions during the timeframe between periodical technical inspections are
presented, for vehicles powered by compression ignition engines. A VLT 4590 type gas analyzer was used for the

experimental trials.

Keywords: emissions levels, periodical technical inspections, compression ignition engine.

1. INTRODUCTION

Experimental research were performed to study
the variation of emissions levels in the time
interval between two periodical technical
inspections [1, 2], for passenger cars equipped with
compression ignition (CI) engines.

Measurements were done at the local Registrul
Auto Roman - Timis facility (Romanian
Department of Motor Vehicles) on a Vito type,
Mercedes Benz 115 CDI vehicle, using a Hartridge
type, VLT 4590 smokemeter. The measuring VLT
device is controlled by a microprocessor that
allows rapid and precise analysis. The equipment
is user friendly and consists of two main
components: smoke chamber (that can reach up to
100 °C) and display module. In addition to smoke
opacity, oil temperature, engine speed, smoke
chamber temperature and pressure drop are also
displayed, thus enabling the user to quickly access
all this information. A small size printer allows the
parameters to be printed.

It should be noted that the Hartridge
measurement method is recognized by European
regulations (CEE — ONU no 24.03 regulation).
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2. THEORETICAL CONSIDERATIONS

Exhaust gases from CI engines contain the
following species [3, 4]: carbon monoxide (CO),
carbon dioxide (CO,), unburned hydrocarbons
(HC), oxygen (0O,), water (H,O), sulfur oxides
(SOy), nitrogen oxides (NOy), soot particles (PM).
The gaseous components can be measured using a
gas analyzer [5, 6], while soot particles can be
measured using the gravimetric method. An
alternative is to measure the smoke opacity. The
more opaque the smoke is the more there is soot
present in the exhaust gases.

There are three types of smokemeters: total
(complete) flux aggregates, partial flux and
measurement units featuring a filter. The principle
of both total and partial flux smokemeters is the
same, as the exhaust gases enter the measurement
chamber for analysis. Total flux measurement units
have the disadvantage of a larger gas flow and
therefore they require a large smoke chamber. The
filtering method can not be used in dynamic engine
operation. Only the overall quantity of soot emitted
over a certain time period can be measured and not
the real time value. The VLT 4590 smokemeter is
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a partial flow measurement type unit. Its probe
has a length of 1 m and ensures a homogenous

exhaust gas mixture in the smoke chamber.

J15
:4\\* — —_— /2/4:
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Fig. 1. Schematic presentation of the smoke chamber
1 — light source; 2 — receiver; 3 — gas inlet; 4 — air inlet; 5 — temperature sensor; 6 — pressure transducer; 7 — heating element.

Good availability is ensured by separating the
smoke chamber from the display unit. The “T”
shaped smoke chamber [7,8,9] is built from
aluminum. To prevent large errors during
measurements, it has a heating element controlled
by a microprocessor. The system continuously
monitors and adjusts the temperature so that a
constant value of 100 °C is maintained. As a result,
any water present in the exhaust gas stream is
vaporized and thus only soot particles are recorded
by the apparatus. The smoke chamber is designed
to feature a very lot pressure drop, and any
pressure difference between the inside chamber
and surrounding environment is monitored with an
electronic pressure transducer. Gas flow is not
forced in any way so as not to introduce additional
errors by the air flow.

3. EXPERIMENTAL DATA ANALYSIS

Table 1 shows the values for the Hartridge
index Kj, measured once every month for the
Mercedes Benz Vito passenger car, at different
mileage and ambient temperature values. A 5000
km between two measurements is evident.

Figure 2 shows the variation of the Hartridge
smoke index (K) for the ambient temperature
range. An increase was observed as the ambient
temperature increased, and then a drop at high
external temperature (7,,). The increase in smoke
opacity can be explained by a decrease in air
density, thus lowering the air quantity for
combustion available. At high ambient temperature
the combustion process is improved by good spray
evaporation and air-fuel mixing.

Table 1
Smoke index for a one year timeframe
Time Coeficientul Hartridge Distanta Temperatura
period Ky [m] parcursa mediului ambiant
[month] D [km] text [°C]
January 1 65 000 -8
February 1,24 70 000 2
March 1,65 75 000 12
April 1,85 80 000 20
May 1,1 85 000 26
June 0,61 90 000 34
July 0,31 95 000 38
August 0,32 100 000 36
September 1,85 105 000 20
October 1,7 110 000 14
November 1,35 115 000 6
December 1,21 120 000 -6
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Fig. 2. Smoke index variation for different ambient temperature values
co-financed by the European Social Fund — Investing in
4. CONCLUSIONS People.

A certain influence of the ambient temperature
on the levels of soot emissions was observed. For
high ambient temperature values, the smoke
opacity was within the limit imposed by
regulations, while at low temperature, engine
operation was affected and higher soot emissions
resulted. Periodical inspections testing regulations
specify two operating conditions for smoke opacity
measurement (idle and maximum engine speed
with no load), very different from emissions
measurement during a real operating cycle. As a
result, a vehicle can very well operate with
emissions that exceed imposed limits at its
homologation. This situation can be the result of
normal engine wear or improper operating
parameters (such as oil change after the specified
mileage, delayed filters replacement, poor fuel
quality and so on). A higher smoke opacity was
also observed as the vehicle’s mileage increased.
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RECUPERAREA FUXURILOR ENERGETICE iN
AGREGATELE DE SUPRAALIMENTARE ALE
MOTOARELOR CU ARDERE INTERNA
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'ACADEMIA TEHNICA MILITARA, Romania.
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Rezumat: In prezenta lucrare sunt prezentate relatiile dintre parametrii geometrici si functionali ai motoareleor
cu ardere internd pundnd in eviden{d puterea motoarelor supraalimentate. Totodatd mai este prezentatd
propunerea de obtinere a apei tehnice la bordul navelor prin purjarea réacitorului de aer de supraalimentare.

Cuvinte cheie: motor supraalimentat, bilant energetic.

Abstract. In the present paper are presented the relation between the geometrical and functional parameters of
internal combustion engine highlighting the power of supercharged engines. Also is presented the proposal of
obtaining of technical water at the board of the sheep through the purge of supercharged air cooling.

Keywords: supercharged engine, energetic balance.

1. RELATII INTRE PARAMETRII
GEOMETRICI SI FUNCTIONALI Al
MOTOARELOR CU ARDERE INTERNA

Puterea efectiva a motorului

D’ 2n 1
P=n p 5L i kw] @
€ 77"1 pml 4 T 60 [ ]
unde:
N - randamentul mecanic al motorului
kN . .
Pui|l — - presiunea medie indicata;
m
D [m] - diametrul (alezajul) cilindrului;
S [m] - cursa pistonului;

n [rot/min] - turatia motorului;
T - nr. de timpi sau de curse ale
pistonului in care se realizeaza ciclul motor :

T = 2 pentru motoare in 2 timpi;

T = 4 pentru motoare 1n 4 timpi;

2n < . . .
_— - numarul de cicluri pe minut;
T
2n 1 < . . <
_— - numarul de cicluri pe secunda;
T 60
2n < . . <
—-60 - numarul de cicluri pe ord;
T

Puterea efectivd a motorului poate fi determinatd cu
relatia:

c:ne'Ch‘Qi

[kW] @)
3600
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unde:
up - randamentul efectiv;
kgcb .
C, [%} - consumul orar de combustibil;
kJ g s -
0 - puterea calorifica inferioarda a
kgcb
combustibilului;

Consumul orar de aer :

kgaer
Ca - Ch o muermin l:Tj| (3)
unde:
o - coeficientul de exces de aer
pentru schimbul de gaze;
kgaer . <
My, | ——— - masa teoretica de aer necesara
min | ko cb
arderii complete a 1 kg combustibil;
Rezulta:
C k
Cp=——— [ g} “)
o Maer, min h
Relatia (2) devine:
C )
p=q, — o & [kW] (5)
-y, 3600
sau:



c —p .M 3600

¢ ‘ Qi ne

Presiunea medie indicata:

kgaer
]

0.
Pmi =My M- ————Ps (7
- maermin
unde:
uly - coeficientul de umplere al
cilindrului cu Incércatura proaspata (aer);
N - randamentul indicat;
kgaer . .
p S{ g 3 } densitatea aerului de
m

supraalimentare;

Comprimarea aerului de supraalimentare se
face dupa un proces politropic de exponent politropic
..
Fie (p, ; T,) parametrii mediului ambiant
pentru care se determind densitatea aerului.

o, = D, kgaer (8)
R-T, m’
unde:
Po|— - presiunea aerului  mediului
m
ambiant;
R K - constanta aerului;
kgK
T,[K] - temperatura aerului mediului
ambiant.

Fie (p, ; T,) parametrii aerului pe refularea
compresorului. Se determina densitatea:

__Ps kgaer 9)
P "k T { m’ }
Deoarece:
1 m’
Vo =—
P, kgaer
1 m’
Vy=—
P, kgaer
Rezulta:
Po Vo =Py Vi (10)
sau
Po _ Ps (11)
Po Py

Din relatia (10) se obtine:
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1

P, =P, (”—) (1)
Po
Tinand cont de relatia (11), relatia (6) devine:
L
Pmi =My "N Lpa(&)n[ (12)
o- maermin Po
Introducand relatia (12) in relatia (1) se obtine:
0
Pe =77m 'UV 'ni '—‘po ’
a: ma”min
1 (13)
n 2
by ﬂSﬁiz[kW]
P, 4 T 60
Fie constanta cilindrului:
2
Kcn:][D S%L (14)
4 7 60
si constanta motorului:
2
KmotZE' gi (15)
4 7 60
Puterea motorului poate fi scrisa sub forma:
0
o=ty 1 ——
a maermin
1 (16)
po [&j C .Kcil ln[kW]
sau
0
o=ty 1 ——
@ €T min
1 (17)
R
p,

2. DETERMINAREA FLUXURILOR
ENERGETICE

Determinarea analitici a fluxurilor energetice
recuperate de la motoarele navale se realizeaza in
conditii standard de mediu, care precizeaza valorile
presiunii, temperaturii §i  umiditatii  aerului
atmosferic.

In tabelul 1 sunt prezentate valorile considerate
pentru acesti parametri in trei situatii distincte,
precizate de diversele standarde utilizate in domeniul
naval.
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Tabel 1
Parametrii de refernta ai mediului ambiant
Parametrul Standardul
" 1S086 | 1ACS [ 1S0 92
Po Ibar | 100 K 12\1 Ibar
m

T, 300K 318K 298 K

(ON 50% 60% 60%

Com 27°C 32°C 25°C
Pentru  determinarea  fluxurilor  energetic
recuperate, am considerat cazul unui motor

supraalimentat, parametrii functionali ai agregatului
de supraalimentare fiind prezentati in figura 1.

La motoarele supraalimentate, presiunea aerului la
iesirea din suflantd se determind cu ajutorul relatiei

ng—1

T;:T()[&J ~‘ )
Po

in care p, este presiunea asiguratd de agregat, iar
ng reprezintd exponentul politropic al comprimarii in
suflanta. Au fost astfel obtinute valorile din tabelul 2.

(18)

Tabel 2
Valorile presiunii de supraalimentare
Parametrul Standardul
arametrtl 15086 | 1ACS | 1S0 92
p, /bar 2.6 2,7 3
ng 1,35 1,35 1,35
T, 384 411 396
TERMOTEHNICA 1/2011

Ts'=To+ (3..5)K,

-

Ps’ = Ps = ADrac

Fig. 1. Parametrii functionali ai agregatului de supraalimentare a
motorului
K — compresor de aer, TG — turbina cu gaze, PCR — preincalzitor
de apa pentru caldarina recuperatoare, IAT — preincalzitor de apa
tehnicd, RAM - racitor cu apa de mare, RP — robinet de purjare.
(4]
La randul sdu, debitul aerului de
supraalimentare poate fi determinat cu ajutorul

expresiilor

’;“er _ Ca | kgaer (19)
3600 s
I;l = Ch ’ maermin ’ (x’s g (19)
3600 !l s

in care consumul orar de combustibil si, respectiv,
consumul specific de aer sunt:

Ch=c, -P{g} (20)
h
) :Q{kgaer} o1
P | kwh

Valorile astfel obtinute
centralizat In urmatorul tabel:

sunt prezentate

Tabel 3
Determinarea debitelor de aer de admisie [3]
Parametrul Standardul
ISO 86 TACS 1S0 92
| —— 0,171 0,173 0,178
kWh
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P[kw] 23170 | 21680 9810
kg
maermin P 13,8 13,3 13,5
kg
o, 3.4 3,1 34
cb
Ch[ i } 3962 3750 1746
kgaer
Ca == 185900 | 154638 80149
k
da| ~Eaer. 8.02 7.132 8.17
kWh
. kg
Maer| —2 51,6 42,95 22,26
S

Cantitatile de energie din diversele elemente ale
sistemelor de recuperare energetica pot fi determinate
in functie de fluxul energetic al aerului de
supraalimentare:

QaRXC = Maer €y, (TS - TSI)
Rezulta astfel fluxurile energetice 1n:
- preincalzitorul de apa pentr caldarina
recuperatoare:

Qper =0,1Q,, rac

(22)

(23)
- instalatia de apa tehnica:
Quar = 0.3Q 3¢ (24)
- racitorul de aer cu apa de mare:
QAM =0,6 QaRXC (25)
Tabelul IV contine valorile astfel calculate.
Tabel 4
Valorile fluxurilor energetice
Parametrul Standardul
ISO 86 IACS | 1S0 92
Qs 4076 | 37796 | 2070
T, 305 323 303
0,lkW] | 4076 | 37796 | 207
0, [kw] | 12229 | 11339 | 621
O, kW] | 2446 | 226776 | 1242

in functie de valorile astfel calculate, pot fi
determinate si temperaturile corespunzatoare (tab.V):
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T, =T, - (26)
Maer* €,y
T, =T, —— Qu 27
Maer® C e,
T, =T, —— Q tau (pentru verificare)(28)
Maer* €,
Tabel 5
Valorile temperaturilor in instalatie
Parametru Standardul
1 ISO 86 IACS 1S0 92
T, 376,1 402,2 386,7
Ty, 3524 375,79 358,80
TS1 304,99 322,99 303,00
T..
“100[%] | 9999 | 9999% | 100%
S

3. OBTINEREA APEI TEHNICE PRIN
CONDENSAREA APEI IN RACITORUL DE

AER
Continutul de apa in aer:
d,,=3+10%
8apa
d_=30+100 —
Sau e { Kgaer }
Masa  teoreticdi de aer necesara  arderii
combustibilului
K,
m_ =13+14 gaer
@C%nin Kgcb
Masa reald de aer pentru schimbul de gaze
Kgaer
m(té’?‘ = asg ’ mL‘ ’ m(té’?‘
Kgcb

Debitul specific de aer

Kgaer
maer
kWh

Condensul de apa

d,,=(003+01)-d,, =(0,03+0,1)-(5+8)=

=(0,15+0.8) {M}
kWh

Exemplu: Pentru motoare navale de puteri
P, =5000+ 70000 (kW]

Productia de apa tehnica

daer = asg ’ ce ’
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C,0 =7505600 {%}

tapa

o
tapa
e

1. Recuperarea fluxului energetic din gazele de
evacuare 1n turbina cu gaze care antreneaza
compresorul de supraalimentare.

2. Recuperarea din fluxul energetic de racire in
preincalzitorul de apa pentru caldarina recuperatoare.
3. Recuperarea din fluxul energetic de racire 1n
preincalzitorul de apa tehnica.

C,pe =0,75+5,6

C,. =(0,75+5,6)-24

4. CONCLUZII

TERMOTEHNICA 1/2011

4. Obtinerea apei tehnice din apa continuta in aer in
cantitati suficiente pentru consumatorii de la bordul
navei.

BIBLIOGRAFIE

[1] - Anastase PRUIU - Instalatii energetice navale, Editura
Muntenia, Constanta, 2000

[2] - Alexandru DRAGALINA - Motoare cu ardere interna.
Vol I'siII, Ed. Academia Navala, 2003

[3] - Ton SERBANESCU - Referat de doctorat, Academia
Tehnica Militara

[4] - Dumitru CATANA — Referat de doctorat, Academia
Tehnica Militara

[5] - Daniel MARASESCU — Raport de cercetare stiintifica,
Academia Tehnica Militara

[6] - www.sulzer.com - Documentatia motoare Sulzer

[7] - www.mandieselturbo.com - Documentatia motoare MAN
B&W




A CONTROL STRATEGY OF THE HYDROGEN
ENGINE FUELED LOAD

Constantin PANA, Niculae NEGURESCU, Marcel Ginu POPA, Alexandru CERNAT

University Politehnica Bucharest, Romania.

Rezumat. Hidrogenul are un potential important pentru imbunatatirea performantelor energetice si de poluare ale
motorului cu aprindere prin scanteie datorita bunelor sale proprietati de ardere. Cercetarile pentru utilizarea
hidrogenului drept combustibil pentru motorul cu aprindere prin scanteie sunt dezvoltate pe doua directii:
combustibil unic si combustibil de adaos. Lucrarea prezinta rezultate ale investigatiilor experimentale efectuate
pe un monocilindru experimental alimentat numai cu hydrogen prin metoda injectiei directe dupa inchiderea
supapei de admisie. Prin utilizarea acestei metode de alimentare cu hydrogen sunt evitate atat fenomenele de
ardere necontrolata cat si scaderea puterii litrice a motorului la dozaj stoichiometric. Sistemul de alimentare cu
hydrogen este original si ofera o mare flexibilitate in functionare la stabilirea reglajelor. Sunt prezentate influente
ale calitatii amestecului asupra procesului de ardere si asupra performantelor energetice si de emisii ale motorului
alimentat numai cu hydrogen. Este utilizata o stategie pentru controlul sarcinii motorului prin combinarea
reglajului cantitativ cu cel calitativ pentru optimizarea performantelor sale la toate regimurile de functionare.
Cuvinte cheie: hidrogen, emisii, ardere, randament.

Abstract. The hydrogen has an important potential for the energetically and emissions performance improving of
the SI engine due to its good combustion properties. The researches for using hydrogen as a fuel for spark
ignition engines are developed in two ways: a full substitution of gasoline with hydrogen and the partial
substitution.The paper presents results of the experimental researches carried on SI single cylinder engine fuelled
with only hydrogen by direct injection method after the intake valve closed. Using this fuelling method are
avoided so the abnormally hydrogen combustion phenomena’s as decrease of the engine power output per liter
for stoichiometric dosage operating conditions. Hydrogen fuelling system used is original and offers a great
flexibility in operation to establish the adjustments. The influences of the mixture quality on burning process, on
emissions and energetically engine performance at the fuelling with hydrogen are presented. Is used a strategy
thru combining qualitative and quantitative adjustment in order to optimize engine operation at all regimens.
Keywords: hydrogen, emissions, combustion, efficiency.

1. INTRODUCTION

Hydrogen is identified as an clean alternative
fuel for SI engines. Hydrogen can provide very
low emissions levels at the engine operation [1, 2].
Hydrogen energetically cycle is much shorter
comparative to fossil fuels energetically cycles.
Hydrogen can be obtained from water, is no toxic
and theoretically the water is obtained when is
burn it. A development of hydrogen technology
into the transportation domain is a high cost

process and requires solutions for many issues, like:

- a low cost of hydrogen production process;

- hydrogen safety storage conditions on the vehicle
and in sufficient quantities in order to maintain the
automotive autonomy;

- hydrogen infrastructure implementation and the
effects on the environment;

- the use with high efficiency for the replacement
of the hydrocarbons into the combustion processes;
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Due to its physical and chemical properties the
use of the hydrogen in SI engines has been
developed on two directions:

- The use of hydrogen with gasoline as an addition
fuel. Having very wide flammability limits and a
high combustion speed, small quantities of
hydrogen allow the stability of engine operation at
very lean air-fuel mixtures;

- The use of hydrogen as a single fuel. This method
will be analyzed in this paper.

The power output of the hydrogen-fuelled
internal combustion engines, depending on fuelling
method, can be with until 20% greater than
gasoline engines [3, 4]. The experimental
researches carried out on spark ignition engines
fuelled with hydrogen have highlighted certain
specific aspects of the combustion comparative to
gasoline: higher maximum pressure of gas inside
engine cylinder; higher pressure increasing rate
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due to the higher combustion rate of hydrogen
compared to other fuels [5, 6, 7, 8]; spontaneous
ignition followed by backfire (the uncontrolled
ignition occurring at hydrogen fuelled engines can
be caused by the hot elements existing in the inlet
system or even in the cylinder); in-cylinder pre-
ignition followed by rapid pressure increase during
the compression stroke that leads to a loss of the
engine efficiency; at air to fuel ratio A=I, the
mixture air-hydrogen requires an ignition energy
10 to 30 times less than the majority of air-
hydrocarbons mixtures; [5, 6, 7]. The aspects of
abnormal combustion are frequently present at the
stoichiometric air-fuel ratio when the ignition
delay is reduced and the combustion rate is high.
At lean mixtures (A =1.5...2.0) these aspects
disappear, but in this case the engine power per
litter significantly decreases considering also the
fact that hydrogen participation at stoichiometric
dosage is ~30 % vol. (versus only 1.8 % for
gasoline), [6, 7, 8]. To avoid the engine power per
litter decrease due to the fact that hydrogen
displaces about 30% from the cylinder volume, the
authors used the in-cylinder mixing formation
method, the hydrogen being admitted after the
intake valve is closed, figure 1. With this fuelling
method was possible to avoid the uncontrolled
burning process for all engines operating regimes
and the decrease of the admitted air quantity.

The moment of hydrogen admission inside the
cylinder influences the combustion development
affecting the mixture homogeneity degree.

The combustion heat release is about 24%
greater than in the case of gasoline fueled engine
and by about 43% greater than in the case of
hydrogen-air mixture outside cylinder formation
[9, 10]. The hydrogen admission after the intake
valve closing allows also the cooling of the
cylinder by air; the air is subsequently used for the
combustion, preventing the uncontrolled ignition
and the return of the flame in the intake system [9,
10].

INLET VALVE  gyDROGEN
VALVE  EXHAUST VALVE

O

a)
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. EO
P
10
Pa
EC
DC BDC ¥

b
Fig. 1. a)-Direct injection of hydrogen inside the cylizlder
thru a valve in the combustion chamber
b)- Valve timing and duration of the hydrogen valve
opening

Because the laminar burning velocity of the
hydrogen is about twenty times greater than one of
the gasoline [11], the combustion time duration of
the hydrogen engine is shorter that gasoline , the
constant volume combustion share increases and
engine thermal efficiency also increases [12]. The
wide flammability of hydrogen also permits
hydrogen engine fueled to operate at lean and very
lean mixtures and to obtain an improvement in
engine thermal efficiency [13, 14], without an
important cyclic variation.

The NO, concentration is much higher
comparative to the gasoline engine operation with
stoichiometric  dosage, when the burning
temperature increases. At A=1..2 different
methods can be applied in order to reduce the
exhaust NO, emission concentration: catalytic
converters use, ignition timing tuning, cooled
exhaust gas recirculation. The NO, emissions level
pronounces decreases at leaner mixtures, A >2
engine operation being possible due to hydrogen
large flammability limit (A =0.14....10.12) [8, 15,
16].

This property allows the use of the qualitative
load adjustment for spark ignition engine, leading
to a better engine indicate efficiency at engine
partial loads comparative to the load quantitative
adjustment.

2. EXPERIMENTAL INVESTIGATIONS

Some experimental researches were carried out
on an experimental single cylinder engine derived
from a serial automotive engine with four cylinders,
with the compression ratio of 8.5:1, cylinder bore
of 73 mm, cylinder stroke of 77 mm.

The hydrogen fueling of the engine is achieved
through a valve at the beginning of the
compression stroke after the intake valve close
when a cooling effect for the engine cylinder’s hot
parts was made by previously aspirated air and to
avoid the power per litter decrease, spontaneous
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ignition and the back fire. The pressure in the
hydrogen fuelling system is relative low (~
0.15...0.6 MPa). A special design hydrogen valve
is placed in the engine cylinder head between the
intake and exhaust valves.

Hydrogen intake valve, separately actuated
from the standard engine’s valve system, allows
the in-cylinder hydrogen admission at the optimum
moments and in different quantities.

Hydrogen flow can be adjusted by changing
the valve opening time duration or by changing the
fueling pressure [13, 17]. The hydrogen fuelling
valve is actuated by a high flexibility hydraulic
system which provides the possibility of adjusting
of the valve opening duration and the valve
opening timing.

The hydrogen valve is actuated by a hydraulic
system, having a higher working flexibility. With
this fuelling method it was possible to avoid the
uncontrolled burning process for all operating
regimes, even for stoichiometric dosage mixtures.
In this aspect the temperature regulation of oil and
cooling liquid at 80 -90°C was also important.

The engine is loaded by a Schoenebeck B4
hydraulically dynamometer. Gasoline flow rate is
measured by an OPTIMAS fuel mass flowmeter.
The air and hydrogen quantities flow rates are
measured by two KROHNE flowmeters.

The engine was equipped with a quartz
piezoelectric pressure transducer Kistler 601 A
mounted in the cylinder head for in-cylinder
pressure measurement.

The crankshaft angle was measured with an
incremental transducer Kubler. For each operating
condition, 100 consecutive cycles of cylinder
pressure data were acquired and averaged by on a
PC equipped with AVL acquisition board. The
exhaust emissions are measured by an AVL
DiCom 4000 gas analyzer. All instrumentation was
prior calibrated to the engine testing.

During the experimental investigations, the
coolant water and lubricant oil temperatures were
strictly kept between 80 and 90 °C.

Hydrogen supply is provided by a bottle at 15
MPa pressure, using two step pressure reductor’s
in order to achieve the fuelling pressure: on the
first step (for high pressure circuit), the hydrogen
pressure from the bottle is reduced at 1 MPa and
on the second step (for low pressure circuit) the
pressure decreases till the fuelling pressure value,
adjusted in the area of 0.1...1 MPa.

For each operating regime the spark ignition
timing was set at the optimal value.
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3. RESULTS AND DISCUSSIONS

In figure 2 are shown the in-cylinder pressure
diagrams for gasoline and hydrogen at different
dosages. The operating regimes were carried on
wide open throttle, at 3000 rpm.

Spark ignition timing was adjusted for
each operating regime for maximum power. In
case of hydrogen fuelling the optimum spark
ignition timing is smaller comparative to classic
solution due to a much higher burning rate of the
hydrogen. Note that if supply hydrogen is at
dosages of A =1...1, 5 the curves of pressure
variation in the cylinder have a steeper increase
than for gasoline operation. At low dosages, A>1.5
the curves of pressure variation in the cylinder
have a smoother variation.

70

HYDROGEN
=1.00 woTt

n=3000 rot/min
60
N / HYDROGEN
[ =131

HYDROGEN
2=1,97

HYDROGEN

A=271

p [bar]
8 ]

HYDROGEN
A=3.15

HYDROGEN
236

Z Q"\%&

280 320 360 400 440 480 520
alfa ['CA]

Fig. 2. Pressure diagrams at full load and 3000 rpm

©

WOT
n=3000 rot/min

prmax [MPa]
IN o

Z

o

1 2 A 3 4

o

Fig. 3. Maximum pressure versus to air fuel
ratio at full load and 3000 rpm

In figures 3...9 are presented the dosage influence
on some cycle characteristics parameters. The
maximum pressure, Pmax, takes higher values at the
same dosage, A=1, for hydrogen fuelling
comparative to petrol engine, figure 3.

This fact confirms the result of thermodynamic
calculus, because hydrogen burning rate is greater
to gasoline and for hydrogen directs injection
method the cycle heat release increase with almost
24%.
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Fig. 4. Maximum pressure rate versus to air
fuel ratio at full load and 3000 rpm
40
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Fig. 5. Combustion time period versus
to air fuel ratio at full load and 3000 rpm

The maximum pressure rate, (dp/dot)y.., for
stoichiometric dosage, is higher comparative to
gasoline engine, figure 4, due to a greater burning
rate and shorter combustion duration for hydrogen,
figure 5. For hydrogen fuelling the maximum
pressure rate values don’t exceed significantly the
classic values, but the increasing process can be
controlled by spark ignition timing adjustment.
The maximum pressure rate takes lower values for
lean dosages A>2, with a lower pressure rate
during combustion.

1.5
[} WOT
n=3000 rot/min
w 1 "
o
=
“0.5
0 T
0 1 2 A 3 4

Fig. 6. Indicate mean effective pressure, IMEP, versus air to
fuel ratio at full load and 3000 rpm

The increase of maximum pressure value
doesn’t affect the engine reliability. One reduction
factor for maximum pressure rate increase is
represented by molar chemical shrinking at
hydrogen combustion. For stoichiometric dosage
the molar chemical shrinking coefficient at
hydrogen combustion is 0.85, and at gasoline
burning a molar expansion process takes place, the
molar coefficient being 1,05.

For hydrogen operating engine the qualitative
load adjustment was applied. At stoichiometric
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dosage the indicate mean effective pressure
increases with ~25%, due to combustion
improvement and cycle burning release heat and
heat release increasing, figure 7

, ‘W‘
os \\%

1

A=1.00

gl

A=2.71

0.4
\ /
) /
o =
330 340 350 360 370 380 390 400 410
alfa [°CA]

A=1,97

Fig. 7. Heat release versus crankshaft
angle at full load and 3000 rpm

For hydrogen operating engine the qualitative
load adjustment was applied. At stoichiometric
dosage the indicate mean effective pressure
increases with ~25%, due to combustion
improvement and cycle burning release heat rate
and heat release increasing, figure 7. For leader
mixtures A =1....3.6, the in mean effective
pressure, IMEP, decreases from 1.42 MPa to 0. 4
MPa, figure 6, fact which is directly related with
load variation between the range X=100%...30%.
At very lean mixtures use (A >3), the combustion
duration increases, figure 5, engine ISFC increases,
figure 8, appears the combustion instability and
unburned hydrogen in exhausts gases. To avoid
these combustion aspects the applying of the
quantity load adjustment of engine at small loads
(x<30%) is recommended, the air to fuel ratio
being maintain in the area of 2.5...3. Thus, the
hydrogen engine fuelling has a great advantage to
offer the possibility of a supple load control
strategy, [18, and 19].

120
WOT
n=3000 rot/min
100
&
S \'\ -
80 T—
60 T
0 1 2 3 4
A

Fig. 8. Indicated specific fuel consumption
versus air to fuel ratio at full load and 3000 rpm
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The much higher burning rate, flammability
lower limit and lower ignition energy are hydrogen
qualities which provide a high efficiency engine
running at partial loads when the qualitative load
adjustment can be use. At stoichiometric dosage
the ISFC decreases with ~10% for hydrogen
comparative to gasoline because of it higher
burning velocity and near constant volume
combustion. Engine efficiency increases when the
mixture becomes leaner till A~2.7 due to hydrogen
suitable burning properties and due to the
reduction of heat loses. For much leaner mixtures
the ISFC increases because the burning duration

also increases.
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Fig. 9. Relative NO, emissions versus air to
fuel ratio at full load and 3000 rpm

Figure 9 shows the NOx emission level as a
function of air to fuel ratio, at full engine load. The
NOy emission level is much higher comparative to
the gasoline engine for A=1-1.5, because the
burning temperature increases. At much leaner
dosages, A>1.5, nitrogen oxides emission level
decreases very much. In order to reduce NOy
concentration from exhaust gases at hydrogen
fuelling for A=1-1.5, different NO, neutralisation
methods can be apply by gas passive treatment (e.g.
the use of a conventional three way catalyst -TWC)
[12]. The stoichiometric dosage engine operation is
necessary in order to achieve high power and
torque output, the throttle remaining wide open.
The mixtures dosages aria with A <1, 5 must be
avoided in order to limit the NOx emissions level.
The engine power decreases is achieved by a
throttle easy close and by the hydrogen
consumption reduces for to maintain the
stoichiometric dosage. In this area the quantitative
adjustment is applied until is obtained the
corresponding engine power on gasoline engine at
the full load. At the engine hydrogen fueling, in the
mixtures dosages area A>1.5, the throttle is wide
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open and by the mixtures leaning is obtained
corresponding engine power partial loads. Such,
engine efficiency is higher than for gasoline (the
pump loses are small), but with very low NOy
emissions level. The engine load control strategy is
easily applied through the proposed fueling
method.

In order to have a general view on hydrogen
engine energetic performances, figure 11 presents
the variation of brake effective pressure versus
engine speed for wide open throttle. The maximum
brake effective pressure increases with ~30% due
to the fuelling method used: hydrogen direct
injection at the beginning of compression stroke.
Comparative to gasoline classic engine BSFC is
smaller for hydrogen fuelling at stoichiometric
dosage, figure 12. This advantage appears due to
better hydrogen burning properties, but as a
disadvantage also appears the increase of heat
loses caused by a much higher burning temperature.
But for leaner mixtures the hydrogen engine
efficiency is clearly superior to gasoline engine.
For gasoline fuelling the short flammability limits
of gasoline can’t provide engine running for
dosage values over A=1.3. For hydrogen fuelling
and at the load qualitative adjustment use for
dosage values till A~5.5 engine efficiency
decreases insignificantly, the best results were
obtained for A=2...3. For this dosages area,
A=2...4, efficiency improvement is explained by
shorter burning duration and heat loses decrease
due to a lower combustion temperature. For
mixtures leaner to excess, A>3, the increasing of
combustion duration, explains brake specific fuel
consumption BSFC increase.

4. CONCLUSIONS

The used fueling engine method consisting in
the admission of hydrogen inside the cylinder at
the beginning of the compression stroke does not
decrease the air cycle quantity, fact which could
lead to an increase of the per liter output with
~20%. The solution has benefits especially for the
engines with small and medium displacement to
which the power decrease is too significant to be
accepted. Hydrogen fuelled engine efficiency is
better to gasoline engine, especially at partial loads
operating conditions, due to a better combustion
process. The mixtures dosages aria with A <1, 5
must be avoided for to limit the NOx emissions
level. The engine power decreases is achieved by
the throttle easy close and by the hydrogen
consumption  reduces for to  maintain



Constantin PANA, Niculae NEGURESCU, Marcel Ginu POPA, Alexandru CERNAT

stoichiometric dosage. In this area the quantitative
adjustment is applied until is obtained the
corresponding engine power on gasoline engine at
the full load. At the engine hydrogen fueling, in the
mixtures dosages area A>1.5, the throttle is wide
open and by the mixtures leaning is obtained the
corresponding engine power at partial loads and
the engine efficiency is higher than for gasoline
(the pump loses are small), but with very low NOy
emissions level. Hydrogen supply system used is
original and offers great flexibility in operation to
establish the engine adjustments. The hydrogen
fueling method at low pressures — 0,2...0,3 MPa
that allows hydrogen admitance inside the cylinder
after the end of the admission process avoids the
uncontrolled ignition tendencies when the SI
engine  uses  hydrogen-air = mixtures at
stoichiometric  global air fuel ratio. The
uncontrolled ignition is avoided by cooling the hot
elements existing inside the cylinder before
hydrogen admission; the cooling effect is assured
by the fresh air which subsequently is used in
combustion.
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A STUDY OF A DIESEL ENGINE FUELED BY CLASSIC
AND ALTERNATIVE FUELS

Alexandru Mihai DIMA, Marin BICA

UNIVERSITY OF CRAIOVA, ROMANIA.

Rezumat. Lucrarea prezintd un studiu pe un motor mono cilindric cu aprindere prin comprimare care este
montat la un generator de curent electric pentru determinarea caracteristicilor sale functionale. Motorul foloseste
ca sursa de alimentare combustibil alternativ si clasic iar performantele sunt analizate pentru imbunatatirea lor in
ceea ce priveste reducerea de emisii poluante si a cresterii puterii..

Cuvinte cheie: poluare, combustibil alternativ, motor .

Abstract. The paper presents a study on a mono cylindrical engine with compression ignition which is mounted
to an electric generator for the determination of its functional characteristics. The engine uses like power source
the alternative and classic fuel and the performances are analized for their improvement, regarding the decreasing

of pollutant emissions and power increase.
Keywords: pollution, alternativ fuel, engine.

1. INTRODUCTION

Having as a priority the reducing of pollution as
much as possible, every car manufacturer and
researcher is in a continue development of
solutions for improvement of their engines and
products. One of the closest and simplest option
was the replacement of the classic fuel for cars
with other products like liquefied petroleum gas,
LPG, (1980 in Romania) for gasoline and bio-
diesel for diesel (beginning of 2000).

The solution was accepted although in each case
existed debates about the replacement or its
parallel use. The experimental research in this
domain had confirmed that the life cycle of engines
become shorter with these alternatives but the
economy fuel is equalizes the final results.

Another idea was to combine the classic engines
with an electric motor bringing a new term, hybrid
car having an internal combustion engine and an
electric motor which is driven with the help of a
the diesel or gasoline engine.

2. METHODOLOGY

The present paper presents a way of determining
the performances of a diesel engine by forming a
system with an electric generator which produces
electrical current to be consume on a heater
resistance. The power of generator is controlled
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with a device which offers the possibility to vary
the voltage and the intensity of electric current.

The engine used is fueled by classic diesel fuel
and togheter with the generator forms a system,
Generator Kipor KDE 6500 E.

This procedure consists in the loading of the
internal combustion engine by the generator from
which the electrical current is consumed on some
heaters.

The loading of the engine is made for examining
the exact power that can be offered in certain
conditions and as a reference for the next projects
which consists in modifications that have to be
made on the engine with the purpose of improving
its performances.

From another point of view which regards the
pollution, the engine is tested with an analyzer for
the inspection of exhaust gases and for observation
of its variations depending on the power consumed
by the heaters.

The “level of pollution” is analyzed with a
Stargas 898 device which also diagnostics engine
which and has a compatibility with other devices
for this purpose or a PC offering real time
information, like R.P.M., temperature of oil engine
and analysis of opacity for diesel engines.

Stargas 898 measures and indicates in the same
time 5 components of the exhaust gases that are
important to analyze the engine:



CO — carbon monoxide; 0+-15,00% vol

CO, — carbon dioxide; 0+20,00% vol

HC — unburned hydrocarbons; 0+-30000ppm vol;
0O, — oxygen; 0+25,00%vol,

NO, — nitrogen oxides;

Fig. 1. Stargas 898

Fig. 2. Measuring equipments of Stargas 898: 1- exhaust
gases probe; 2-ground cable; 3-oil temperature sensor; 4-
r.p.m cable.

The consumer of the system consists in two
heaters with a nominal power of 2000W and
another one with a nominal power of 1500W
which are mounted in parallel.

3. Data collection

The engine is started and is working unloaded
until it reaches the optimal temperature; afterwards
are connected the sensors of the analyzer. After the
oil temperature becomes 70 ° C (the temperature is

measured by the Stargas 898 analyzer) the
experiments can be started.
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At the generator is coupled the device which
varies the voltage and offers the power in the
necessary conditions for the consumers.

The first experiment shows the experimental
data for the generator fueled with diesel and there
are presented in the next tables.

Fig. 3. The equipment of the experiment

The experiment is afterwards repeated with the
difference that the engine will be then fueled with
alternative fuel, bio diesel. The goal is to observe
the comportment of the engine when the fuel is
substituted and the changes that can appear from a
point of view which takes in consideration the
power and afterwards the exhaust gases especially
when the consumers are connected and turned on.

First set of information refers to the test done
with diesel and which will be then used like
references for the following results due to the fact
that that the common generators are often fueled
with the cheapest fuel that can be to procured from
a market.

The most important data that is always taken in
consideration when tests are done on diesel
engines is the level of HC, representing the
unburned hydrocarbons which position the diesel
engines ahead the gasoline engines on the scale of
pollution.

Can be observed that the highest level of HC is
seen at the beginning of the test when the load on
engine is lower decreasing after to a constant
minimum value of 15 parts per million (ppm) and
then when the power absorbed by the heaters
reaches the maximum the value “explodes” to a
value of 20,15 ppm.

Another aspect followed is the value CO, which
according to the graphs is increasing if the load of
the engine is rising.

After the diesel test, the tank of the engine is
emptied by the fuel remained and is fueled with a
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mixture of bio diesel from palm oil and diesel in a

percentage of 10% bio diesel with 90% diesel
called B10.

The diesel used in the test was bought from gas
station “Petrom” and has a content of maximum
5% of bio diesel obtained from vegetable oil.

Table 1
Experimental data for diesel
Voltage Intensity Power CcO CO, HC 0,
[Vl [Al (W] % % ppm %
50 5 250 0,085 2,64 17 16,54
50 6 300 0,082 2,66 17 16,1
60 7 420 0,078 2,77 16 16,64
60 8 480 0,076 2,86 15 16,86
70 9 630 0,067 3,02 15 16,94
90 10 900 0,062 3,15 15 16,41
90 11 990 0,051 3,26 15 16
100 12 1200 0,049 33 15 15,65
100 13 1300 0,041 33 15 15,95
118 14 1652 0,036 3,33 15 15,84
120 15 1800 0,03 3,31 15 15,72
130 16 2080 0,021 32 15 15,64
138 17 2346 0,017 3,16 16 15,98
195 18 3510 0,06 3 20,15 85
Table 2
Experimental data for B10
Voltage Intensity Power CO CO, HC 0,
[Vl [A] (W]
50 5 250 0,093 2,50 18 17,04
50 6 300 0,091 2,59 18 16,85
60 7 420 0,084 2,65 17 16,53
60 8 480 0,08 2,79 17 16,48
70 9 630 0,071 2,94 17 16,09
90 10 900 0,067 3,06 16 16,08
90 11 990 0,064 3,22 16 15,87
100 12 1200 0,058 341 15 15,52
100 13 1300 0,05 3,59 14 15,11
118 14 1652 0,042 3,52 14 15,11
120 15 1800 0,03 3,42 14 14,69
130 16 2080 0,027 3,53 14 15,11
Table 3
Experimental data for BS0
Voltage Intensity Power CO CO, HC 0,
[Vl [A] (W]
50 5 250 0,085 2,56 18 15,85
50 6 300 0,081 2,62 19 15,88
60 7 420 0,081 2,73 19 15,87
60 8 480 0,077 2,85 20 15,61
70 9 630 0,071 2,99 20 14,95
90 10 900 0,066 3,12 20 15,22
90 11 990 0,054 3,26 17 16,58
100 12 1200 0,052 3,38 16 16,35
100 13 1300 0,044 3,48 17 15,97
118 14 1652 0,038 3,57 16 15,91

With the increasing of bio-diesel quantity can
be observed that the level of HC is growing and
that is not a desired phenomenon because the
number of particles that remain unburned is bigger
and also a increasing of the CO, level is registered.
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Test where done also with fuel that consists
100 % from bio-diesel and the result was that
engine starts but after a few seconds of function
whithout even connecting the consumers at the
generator suddenly stops.



4. CONCLUSIONS

The use of bio-diesel can be an alternative for
diesel but the risk that implies its use cumulated
with the damages over the mechanical parts of the
engine do not indicate it like desired possibility
due to their consequences.

The method used for determination indicates
that is suited for laboratory experiments creating
new opportunities for the study on small internal
combustion engines with the mention that the
equipments to have a larger scale. When the engine
was fueled with pure bio-diesel it couldn’t be
turned off which leads to the conclusion that bio-
diesel cannot substitute the diesel and the mixture
must contain small percentages of it.

Acknowledgment

This work was partially supported by the strategic grant
POSDRU/88/1.5/5/50783, Project ID50783 (2009), co-
financed by the European Social Fund — Investing in

TERMOTEHNICA 1/2011

Alexandru Mihai DIMA, Marin BICA

People, within the Sectoral Operational Programme
Human Resources Development 2007-2013.

REFERENCES

[1]Abaitancei D., Hategan C.: Motoare pentru automobile si
tractoare, Editura Tehnica , Bucuresti, 1980.

[2]. Abaitancei D., Bobescu Gh.: Motoare pentru automobile,
Editura Didactica si Pedagogica, Bucuresti, 1975.

[3]. Apostolescu N., Sfinteanu R.: Automobilul cu combustibili
neconventionali, Editura Tehnica , Bucuresti, 1966.

[4]. Burnete N., Naghiu A., Rus 1., Chintoanu M., Mariasiu F.,
Varga B., Ivan 1., Roman V., Abraham B.,: Motoare Diesel si
Combustibili pentru Transportul Urban Editura Mediamira
Cluj-Napoca 2008.

[5]. Ciubotaru T., Grigore L., Vinturis V.: Efectuarea de
masuratori, verificari si determindri conform planului de
testare-evaluare a produsului/ MIS Petrom, Uzina Mecanica
Bucuresti, 1998.

[6]. Dragota D., Moisescu V.,: Biocarburantii in Romdnia
Monography de S.C. CHIMINFORM DATA S.A. Bucuresti
2004.

[7]. Matsui Y., Kamimoto T., Matsuoka S.: Formation and
Oxidation process of soat particulates in a DI Diesel engine -
an experimental study via the two-color method, SAE Paper
820464, 1982.



COMPARATIVE ANALYSIS OF DIFFERENT
ALTERNATIVE FUELS ON SINGLE CYLINDER
DIESEL ENGINE
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Rezumat. Emisiile produse de trafic constituite din niveluri ridicate de oxizi de azot, oxizi de sulf si
pulberi in suspensie determind poluarea gravd in aglomerdrile urbane mari. O solutie in vederea
reducerii poludrii atmosferice este reprezentatd de gasirea de alternative nepoluante la combustibilii
clasici utilizati. In aceasta lucrare se prezinta o analiza a emisiilor poluante pentru doi combustibili
alternativi in comparatie cu petrodiesel-ul clasic. Cercetarile experimentale arata un nivel scazut de
emisii poluante la combustibilii pe baza de uleiuri vegetale/grasimi animale prin reducerea
monoxidului de carbon si a hidrocarburilor. Testele s-au realizat pe un motor diesel mono cilindric RY
50 in regimul de mers in gol fortat.

Cuvinte cheie: emisii, biodiesel, RY50, motorina.

Abstract. The traffic exhaust emissions formed from high levels of nitrogen oxides, sulfur oxides and
particulate matter cause serious pollution in large urban agglomerations. One solution for reducing the
air pollution is represented by the choose of clean alternative fuels for the replacement of the
petrodiesel. This paper presents an analysis of emissions for the two alternative fuels in comparison
with the diesel. The experimental studies show a low emission level for the fuels based on vegetable
oils/animal fats through the reduction of carbon monoxide and hydrocarbons. Tests were performed
on a single cylinder diesel engine, RY 50 in forced regime without load.

Keywords: emissions, biodiesel, RY 50, petrodiesel.

1. INTRODUCTION

The major problem of the world in these
moments regards the increasing number of cars
and possibilities of fulfilling the laws regarding the
limitation of pollution degree. At this problem
another issue is taken in consideration, related to
the price of fuel that also registred a growth in the
last years and has a continuous tendency.

Many ideas concerned on the replacement of
the classics fuels, petrodiesel and gasoline with
others similar products that can offer a lower price
with almost the same output regarding the
performances that can be achieved from the
vehicle in cause.

The gasoline was replaced by the liquefied
petroleum gas — LPG, a solution that turned to be
acceptable regarding the goals proposed.

The same alternative was also tried on diesel
engines and the first tests showed the fact that the
engine it runs with LPG having an increase of
power for approximately 25% and the consumed
fuel quantity drops with 30% but it has an

undesired effect, the forces that act over the
gearbox are very high and also the engine wear has
a value that convinced researchers to spend more
time on tests and to develop solutions to eliminate
the actual issues.

Another possibility for diesel engines is the use
of biodiesel, which is a renewable fuel with great
potential for reducing the environmental pollution
obtaining performances with almost the same
values as in case of diesel use.

The biodiesel can be obtained from from used
cooking oils having a good emission value
compared to the classic diesel and also it can be
obtained 100% from animal fats.

The paper presents an analysis done on a
monocylindrical engine developed to function with
petrodiesel, fuel that will be experimental replaced
with biodiesel obtaind from palm oil and animal
fats (fish oil) combinated with diesel fuel in
several different percentages and the engine will be
then tested.



2. EXPERIMENTAL DATA

The engine will function unloaded in a forced
regime, measuring the RPM and the exhaust
emissions corresponding for every case. The
engine that will be used for tests is an RY 50 with
manual start and has the following characteristics.

Table 1
RY 50 characteristics
Cylinder N 1
number
Cylinder cm’ 224
volume
Compresion 21:1
ratio
Kw/HP N(80/1269/CEE) 3.5/4.8
ISO 1585 3.3/4.5
NB ISO 3046 IFN 3.1/4.2
NA ISO 3046
ICXN
Torque Nm 10.4@2400

Fig. 1. RY 50 engine

Tests of the engine were done in the Laboratory
of Thermal Engineering and Thermal Machines
from the Faculty of Mechanics, University of
Craiova.

For the experiment where also used several
other devices; a gas analyzer, STARGAS 898 that
records the level of CO, CO,, HC, O, oil
temperature, a digital tachometer and a
thermometer for temperature and humidity from
the laboratory during the experiment.

The experiment is started with petrodiesel and
the engine runs unloaded for a certain period of
time until the oil it reaches the temperature of
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approximately 70° C and afterwards the

experimental data are carried out.

DT -2234C

DANGER

LASER. DIGITAL
TACHOMETER

Fig. 2. Digital tachometer

gEragcAs

Fig. 3. Stargas 898

After recording of the results regarding the
exhaust emissions with diesel fuel, the tank is
empty by the remaining petrodiesel and it is used
a mixture of 50 % diesel fuel and 50 % of
biodiesel obtained from palm oil called B50; the
engine is started and it runs at low RPM value
(1200-1400) for 5-10 minutes.

As for the petrodiesel, the emission level is
measured with the Stargas analyzer and carried out.
The same operation, as for diesel and B50 from
palm oil, is repeated for a value 100% biodiesel
from palm oil and B50 mixture from animal fats
and also 100% biodiesel from fish oil.

The results are presented in the next tables and
the purpose is to find the most convenient solution
for the substitution of petrodiesel with an
alternative fuel or a renewable one that can offer
the same performances of the engine regarding the
value of the torque and power and not the last with
a decreased value of the exhaust emissions as the
classic fuel with the lowest price possible.
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Table 2
Experimental data for B50 palm oil
RPM CO CO, HC 0, Oil Room Humidity
% % ppm % temperature | temperature %
1200 0,06 | 2,17 23 17,73 74 21 20
1400 0,06 1,92 23 18,09 73 21 20
1600 | 0,064 1,9 23 18,15 73 21 20
1800 | 0,065 | 1,86 23 18,21 74 21 20
2000 | 0,064 | 1,89 23 18,17 73 21 20
2200 | 0,058 | 1,85 21 18,14 75 21 20
2400 | 0,059 | 1,86 23 18,14 77 21 20
2600 | 0,056 | 1,87 23 18,08 77 21 20
2800 | 0,052 | 1,92 23 18,01 77 21 20
3000 | 0,054 | 1,98 24 17,87 78 21,1 20
3200 | 0,056 | 2,04 24 17,79 79 21,1 20
3400 | 0,058 | 2,1 27 17,72 79 21,1 20
3600 | 0,062 | 2,13 27 17,64 81 21,1 20
Table 3
Experimental data for B 100 palm oil
RPM CO CO, HC 0, Oil Room Humidity
% % ppm % temperature | temperature %
1200 | 0,071 | 2,14 26 17,58 76 21 20
1400 0,07 1,99 27 18 76 22 20
1600 | 0,068 1.9 26 18,08 76 22 20
1800 0,07 1,91 26 18,05 76 22 20
2000 | 0,071 | 1,93 26 18,02 77 22,5 20
2200 | 0,063 | 1,92 26 18,02 77 22,5 20
2400 | 0,063 | 1,93 25 18 77 22,5 20
2600 | 0,061 | 1,95 25 17,99 77 22,5 20
2800 | 0,059 | 1,97 24 17,92 77 23 20
3000 0,06 | 2,02 25 17,88 78 23 20
3200 | 0,057 | 2,08 24 17,72 80 23 20
3400 | 0,061 | 2,09 25 17,72 81 24 20
3600 | 0,064 | 2,18 25 17,55 81 24 20
Table 4
Experimental data for B50 fish oil
RPM CO CO, HC 0, Oil Room Humidity
% % ppm % temperature | temperature %
1200 | 0,067 | 2,39 38 17,37 76 24,5 20
1400 | 0,069 | 2,17 39 17,61 75 24,7 20
1600 | 0,073 | 2,07 39 17,78 76 24,7 20
1800 0,08 | 2,01 39 17,8 75 24.8 20
2000 | 0,081 | 1,98 38 17,86 76 24.8 20
2200 | 0,078 | 1,93 36 17,91 76 24,9 20
2400 | 0,082 | 1,98 39 17,83 77 24,9 20
2600 | 0,079 | 2,01 39 17,77 77 24,9 20
2800 | 0,078 | 2,06 40 17,68 78 25 20
3000 | 0,077 | 2,11 40 17,62 78 25 20
3200 | 0,085 | 2,15 42 17,65 79 25,1 20
3400 | 0,081 | 2,17 42 17,53 80 25,1 20
3600 | 0,087 | 2,55 44 17,37 81 25,5 20
Table 5
Experimental data for B100 fish oil
RPM CO CO, HC 0, Oil Room Humidity
% % ppm % temperature | temperature %
1200 | 0,083 | 2,36 51 17,21 79 25,7 20
1400 | 0,087 | 2,17 54 17,53 79 25,7 20
1600 | 0,087 | 2,14 55 17,85 80 25,7 20
1800 | 0,092 | 2,03 54 17,85 80 25,7 20
2000 | 0,097 | 1,93 53 17,97 80 25,7 20
2200 | 0,096 | 1,94 52 17,98 80 25,7 20
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2400 0,09 1,96 51 17,95 80 25,7 20
2600 0,089 | 1,97 51 17,93 81 25,7 20
2800 | 0,088 | 2,05 51 17,84 81 25,7 20
3000 0,085 2,1 49 17,71 83 25,7 20
3200 | 0,088 | 2,15 51 17,71 84 25,7 20
3400 0,089 | 2,15 55 17,63 84 25,7 20
3600 | 0,098 | 2,27 58 17,42 85 25,7 20
3. CONCLUSIONS People, within the Sectoral Operational Programme

Analysing the results of the test can be seen that
at low and high RPM the engine has for both fuels
high values for the exhaust components that are in
everybody’s attention when there are discussion
about the pollution.

Regarding the CO, level which is one of the
most important pollutant from exhaust gases of a
car can be seen that at the probe obtained from the
palm oil mixture the values are lower comparative
with the ones from fish oil mixture.

The mixtures with 100 % biodiesel have bigger
values for the CO, levels than the ones concerning
just from 50% biodiesel and that made them not
desired for direct use in the internal combustin
engines.

Another component of big importance is the
HC level from exhaust gases that can be
considererd the most dangerous for environment
and for the human body.
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The values offered by the test done highlight
the fact that the only desired solution is the one
with palm oil mixture because of the decreased
level of the HC comparative with the biodiesel
produced from fish oil.

The results point the biodiesel obtained from
palm as the only option preffered as a substitute of
petrodiesel becuse the exhaust emissions have the
lowest value
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Abstract. Dupa cum se stie prevenirea si combaterea poludrii mediului inconjurator sunt considerate printre cele
mai importante probleme cu care se confrunti societatea romaneasca i umanitatea, in general. In prezent se pare
ca poluarea mediului nconjurator, prin activitatea necontrolata a omului, se apropie de ,,pragul critic” depasind
limitele de aparare ale naturii, punindu-se in pericol existenta vietii pe Terra. Dupa cum se stie cea mai mare
parte din emisiile poluante evacuate anual in atmosfera, se datoreaza combustibililor fosili utilizati ca forma
primara de energie. Din acest motiv, consumul de energie trebuie monitorizat in corelatie cu emisiile poluante
nregistrate anual la nivel mondial, cu efecte dezastruoase asupra mediului inconjurator: poluarea aerului, apei si
solului, incdlzirea globala prin efectul de serd, ploile acide, deteriorarea stratului de ozon, schimbarile climaterice
(inundatii 1n unele zone, topirea unor ghetari, uragane, seceta, incendii naturale, etc.).in domeniul producerii
energiei electrice si termice, prin utilizarea drept combustibil a carbunilor, obiectivul general al politicii de mediu,
in prezent si in viitorul apropiat, este reducerea impactului asupra mediului prin micsorarea cantitatilor de praf
emise in atmosfera pana la nivelul permisiv al standardelor internationale si nationale de mediu. Roméania
urmdreste indeaproape politica Uniunii Europene In domeniul energiei, cu scopul de a dezvolta o piata nationala
energetici competitivi, integrati in piata internd europeand. In acest context retehnologizarea instalatiilor de
despréfuire electrica din centralele termoelectrice roméanesti pentru a satisface cerintele din Directiva EC/80/Ec si
Hotérarea Guvernului nr.322/2005, este un obiectiv principal si care nu poate fi amanat.

Cuvinte cheie: poluare, mediu inconjurator, emisii poluante, energie, incalzire globala.

Abstract. As is known to prevent and combat environmental pollution are among the most important problems
facing the Romanian society and humanity in general. Currently it seems that environmental pollution by
uncontrolled human activities, approaches, "critical threshold” beyond the limits of nature protection, placing in
jeopardy the existence of life on Earth. As we know most of the emissions discharged into the atmosphere
annually, is due to fossil fuel use as the primary form of energy. For this reason, energy consumption should be
monitored in conjunction with emissions registered annually worldwide, with disastrous effects on the
environment: air pollution, water and soil, global warming via the greenhouse effect, acid rain, damage the ozone
layer, climate change weather (floods in some areas, melting of glaciers, hurricanes, drought, natural fires, etc.).In
the field of electricity and heat using coal as fuel, the overall objective of environmental policy, now and in the
near future is to reduce environmental impact by reducing the amount of dust emitted by the permissive standards
of international national average. Romania is closely following the European Union energy policy, in order to
develop a national energy market competitive and integrated European internal market. In this context, upgrading
electrical installations dusting Romanian power plants to meet the requirements of Directive nr.322/2005
EC/80/Ec and Government, is a primary objective and that can not be postponed.

Keywords: pollution, environment, emissions, energy, global warming.

1. INTRODUCERE TMpg =
R e, . mto g

Gazele rezultgte in urma arderl.l 11gn1tulu.1 in 10-(1— ,L&Dj-( Al +gq, m)_ a,,., B [;]
cazanele energetice de abur contin o cantitate !
importantd de cenusa, care depinde in principal de o))
continutul de cenusd al combustibilului si de Tabel 1
tehnologia de ardere. Tipul instalatiei Mo

Cantitatea de particule emise de instalatiile de i E— _
ardere poate fi evaluatd aproximativ, in calculele | Cicloane inertiale (tip 0,60-0,70
de proiectare, cu relatia urmatoare [1], [2]: NIIOGAZ)
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Tabel 2

Baterii de cicloane 0,70-0,80 Electrofiltre 0,98-0,997
Scubere umede (tip MP- | 0,90-0,95
VTI)
Tipul instalatiei de ardere s J—-
Gratar fix cu alimentare manuala 0,12-0,20
cu alimentare mecanica sau pneumatica 0,05-0,15
Gratar rulant cu alimentare mecanica sau pneumatica 0,07-0,15
Arderea carbunelui in |cu evacuarea cenusii in stare solida 0,85-0,95
cu evacuarea cenusii in |focar bicameral 0,50-0,70
cu ciclon vertical 0,20-0,40
cu ciclon orizontal 0,10-0,15
in care:
Np - gradul de retinere al instalatiei de desprafuire, din tabelul 1;
A, - continutul de cenusa raportat la proba initiald, Tn [%];
q4 - pierderile relative de caldura datorate arderii incomplete, in [%];
H! - puterea calorificd inferioard, raportati la proba initiald, in [kJ/kg];
a,n - fractia de cenusa antrenatd, conform tabelului 2;
B - consumul de combustibil solid, 1n [kg/s].
Tabel 3
Tipul instalatiei X Tipul instalatiei y
Focare cu gratar si carbune bulgari 0,7 Filtre mecanice uscate 0,7-0,8
Focare cu carbune pulverizat 0,3 Filtre mecanice umede 0,9
Focare ciclon cu evacuarea topita a zgurei 0,5 Filtre electrostatice 0,96-0,99

Factorul de emisie specific poluantului
cenusa se determina din relatia [1], [3]:
_ A{1-x)i1-y] [k_g]
st i o
in care:

Cranusa = HE

€cenusa - factorul de emisie pentru cenusd, in [kg/kJ];
A - continutul de cenusa 1n carbune, in [%];

x - gradul de retinere a cenusii in focar, in [%] de
masa;

y - randamentul instalatiei de retinere a prafului, in
[%];

Hf - puterea calorificd inferioard a combustibilului,
in [kJ/kg] .

Pentru postcalcul se vor folosi valori medii
rezultate din exploatare. La prognoza, se
recomanda folosirea urmatoarelor valori:

2)
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-pentru continutul de cenusa la carbuni:

- 40 % pentru lignit;

- 30 % pentru huila din tara;

- 20 % pentru huila din import;

-pentru gradul de retinere 1n focar: x = 15 %j;

- pentru randamentul electrofiltrului y:

- 97 % pentru electrofiltre, in situatia In care

reabilitarea nu a depasit 50 %.
din situatia programata;
-99 % pentru situatia de dupd finalizarea

reabilitarii.

Pentru calcule mai riguroase, emisia de particule
in cazul arderii pacurii nu se neglijeaza,
considerandu-se un continut de cenusd 1in
combustibil de A = 0,1% masice.




DETERMINAREA PRIN CALCUL A DEBITULUI DE CENUSA EMIS iIN MEDIUL AMBIANT

Pentru determinarea prin calcul a debitului de
cenusa emis in mediul ambiant este necesar sa se
faca bilantul material al cenusii.
in cazul unui grup energetic, bilanful de cenusd
este prezentat in figura 2.1. [4]:

fi=abB[f]  A,=xaB [
A =y{1-x)aBy H
A =y(1—-x)-(1—y)eB, H (3)

in care:

A; - cantitatea de cenusd intratd in focar cu
combustibilul, in [t/h]

A,, - cantitatea depusd sub forma de zgura la baza
focarului, in [t/h];

Ay - cantitatea retinutd prin instalatiile de filtrare a
gazelor, in [t/h];

X, y - coeficienti care depind de tipul instalatiilor,
conform tabelului 3.

f'f-f){iw}a
|
!
(I-z}ad, i
L1/
‘ 1
"~ L

yif-1}a8,
Fig. 1.

.I‘E&?_J,

2. BILANTUL MATERIAL AL CENUSII

Pentru a putea face bilantul material al cenusii
trebuie sd cunoastem cantitatile de cenusa (zgura)
care se elimina la Kratzer, la palniile de la capul de
intoarcere gaze arse, in PAR si 1n electrofiltru; mai
sunt necesare analize chimice pentru carbune,
zgurd si cenusd. Masurdtorile se efectueaza, de
reguld, la sarcina maxim posibild, la care emisiile
sunt maxime.

3. DESCRIEREA = INSTALATIEI = DE
EVACUARE ZGURA SI CENUSA DE LA
CAZANUL DE 1035 t/h [5]

Din cantitatea totald de cenusd introdusa cu
combustibilul in cazan, aproximativ 5 % se separa
in focarul cazanului sub forma de zgurd si cenusa
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care cade in palnia focarului, de unde este evacuata
sub forma solida cu ajutorul transportorului cu
racleti (kratzer) (1).

Kratzerul evacueazd cenusa si zgura 1In
concasorul (2) si apoi 1n palniile (3) ale ejectorilor
cu apa (4) care refuleaza spre statia de pompe
Bagger.

Apa de impuls necesard ejectorilor este
furnizata de 5 pompe centrifuge orizontale
multietajate (5).

Instalatia raceste si evacueaza zgura si cenusa
rezultatd din arderea lignitului in focarul cazanului
si pe gratarul de postardere si in acelasi timp
asigura inchiderea etansa a focarului Tmpotriva
patrunderilor de aer fals din atmosfera exterioara.
Evacuatorul este de tipul cu racleti cu cuva dubla.
Cuva superioara este plind cu apa si are rolul de a
raci zgura si cenusa care cade fierbinte din palnia
focarului si de pe gratarele de postardere; in
aceasta cuva nivelul apei se mentine constant cu
ajutorul unui preaplin.

Cazand 1n cuva cu apa, zgura se raceste, caldura
fiind absorbitd de apa de racire. Procesul de racire
se desfasoard, de regula, atat de rapid incat bulgarii
mai mici de zgurd se transformd in particule mici
friabile. Particulele de zgurd sunt transportate din
cuva superioara spre partea superioard a partii
inclinate cu ajutorul racletilor fixati pe 2 lanturi de
antrenare.

Actionarea celor 2 lanturi este realizatd cu
ajutorul a 2 roti dintate montate pe axul de
antrenare, care la rindul sau e actionat de unul din
cele 2 grupuri de antrenare (unul este Tn rezerva).

Cenusa zburatoare, care pleacd din focar odata
cu gazele de ardere, este retinutd partial in 2 palnii
(6) la iesirea gazelor de ardere din cazan, 1n
palniile (14) de sub PAR 1 si PAR 2, in cate 2
palnii (9) la intrarea in fiecare electrofiltru si in
cate 9 palnii (11) de sub fiecare electrofiltru.

Evacuarea cenusii din aceste palnii se face 1n
stare uscatd, prin intermediul unor conducte de
legatura pana la zavoarele hidraulice - ceainice (7,
12 si 15) si apoi in canalele de legaturad (13 si 15)
cu statia de pompe Bagger.

Pentru a evita lipirea cenusii ca urmare a
umezirii de pdlniile electrofiltrelor, aceste palnii
sunt incalzite cu abur ce trece prin panourile de
tevi ancorate de peretii palniilor.
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Fig. 2. Schema instalatiei de evacuare a zgurii si cenusii

4. MASURATORI SI CALCULE

In tabelul 4 sunt prezentate date obtinute pe
parcursul mai multor masuratori, care vor fi
analizate pentru a putea face o estimare a debitului
de cenusad emis in mediul inconjurétor.

Selectiand doar datele care de care avem nevoie
rezultd tabelul 5, 1n care apar: debitul de cenusa la
intrare in electrofiltru, debitul de cenusa cazuta in
PAR, debitul de cenusa la intrare in PAR, debitul

de zgurd uscatd (inclusiv nearse), debitul total de
cenusd, gradul de retinere in focar, procentele de
retinere la capul de Intoarcere al gazelor de ardere,
la kratzer si capul de intoarcere, la PAR si cel total
(kratzer, cap intoarcere gaze arse, PAR).

Din aceste date se calculeazd procentele de
retinere la fiecare zond, dar cei mai important este
gradul de retinere si cantitatea de cenusa retinuta la
PAR.

Tabel 4 [6]

Sarcini cazan t/h 967,60 926,80 855,00 [ 901,78 | 1.007,6 871,24 771,00
Debit combustibil t/h 431,10 393,60 341,20 | 405,32 | 358,47 420,11 329,99

kg/s 119,75 109,33 94,78 112,59 | 99,57 116,70 91,66
Putere calorifica inf kJ/kg 7.314 7.641 8.143 6.615 7.678 6.548 7.494
combustibil Kcal/k 1.747 1.825 1.945 1.580 1.834 1.564 1.790
Cenusa la initial ‘(7; 20,95 20,77 17,37 24,4 20,9 22,5 21,1
Debit zgura uscata kg/h 6.286 5.898 5.038 7.000 5.400 6.540 4.600
(inel. nearse) kg/s 1,75 1,64 1,40 1,94 1,50 1,82 1,28
Debit cenusi (inel. kg/h 87.424 78.895 56.994 - 72.278 91.457 -
nearse) intrare PAR kg/s 24,28 21,92 15,83 - 20,08 25,40 -
Grad retinere focar % 5,533 5,549 5,534 4,884 6,22 5,028 4,803
Debit cenusa (inel. kg/h 78.682 71.005 51294 | 85.764 | 65.050 82.312 63.372
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nearse) intrare ELF kg/s 21,86 19,72 14,25 23,82 18,07 22,86 17,60
Pierdere caldura prin % 3,34 3,1 291 - - - -
nearse mecanic
Randament termic cazan % 83,6 84,26 82,89 88,3 - 83,9 82,85
Debit cenusa cizuta kg/h - - - 9530 - 9145 7041
la PAR kg/s - - - 2,65 - 2,54 1,96
Debit g.a. intr. ELF Nm’h |[1.700. 808]1.604. 817[1.675.983| 1.338. [1.355.1 67| 1.825.555 | 1.465.4 14
710
Nm®/s 472,45 445,78 465,55 | 371,86 | 376,44 507,10 407,06
Conc. cenusa intr. ELF g/Nm3 46,26 - - - 48 45 43,245
Tabel 5
Debit Debit Debit Debit zguri | Debit zgura | gr. Retinere Retin
intra ELF | cédzutain |intrare PAR| inclusiv cenusa focar | cap.in | focar+C | PAR | total
re PAR nearse (total) t.g.a IGA
kg/h | kg/s | kg/h | kg/s | kg/h | kg/s | kg/h | kg/s | kg/h | kg/s | % % % % %
78.6821,85(8.742 (2,428 |87.42 (24,28 16.286|1,746193.71 | 26,03 5,533 1,175 | 6,708 |9,32 | 16,0
71.00]19,72(7.890(2,192(78.89 21,91 |5.898 1,638 |84.79 23,55 5,549 1,407 | 6,956 |9,30 | 16,2
51.29114,2415.700 {1,583 (56.99 | 15,83 5.038 1,399 |62.03 [ 17,23 [ 5,534 | 2,588 | 8,122 |9,18 | 17,3
85.76 123,829,530 (2,647]95.29 (26,47 |7.000 (1,944 | 102.2| 28,41 | 4,884 1,959 | 6,843 |9,31 | 16,1
65.05]18,06(7.228 {2,008 [ 72.27 | 20,07 | 5.400| 1,500 | 77.67 | 21,57 [ 6,220 | 0,732 | 6,952 | 9,30 | 16,2
82.31122,86(9.145(2,540)91.45(25,4016.540(1,817|97.99 27,225,028 | 1,646 | 6,674 |9,33 | 16,0
63.37 17:60 7.041)1,956 70741 19,5514.600( 1,278 75701 20:83 48031 1,329 | 6,132 9,38 | 15,5
5,364 | 1,548 | 6,912 | 9,30 | 16,2
Tabel 6
Debit cenusa Retinere | Debit cenusi | Debit cenusa | Eroare | Debit g.a | Conc.c| Randa | Conc. | Depasir
intrare ELF
cazuta in real |estim | intr. ELF intr. ELF | estimar intr. | ELF | dupa | norme
PAR at re; estimat e ELF | proiect| ELF
kg/h | kgls | % % | ke/h | ke/s | kg/h | kgls % [Nm’|Nm¥s|gNm’| % |mg/N
/h m’
8.742 | 2,428 1 9,329 78.68 [ 21,85 [ 78.67 | 21,85 | 0,007 |1.70 [ 472,4 | 46,26 | 99,25 | 346,9 23
2 6 7 47 0.80| 47 39
7.890 | 2,192 [ 9,305 [ 9,309 | 71.00 | 19,72 [ 71.00 | 19,72 | -0,006 | 1.60 | 445,7 | 44,25 | 99,25 | 331,8 22
5 4 9 47 4.85| 94 47
5.700 | 1,583 9,189 5129 | 14,24 | 51.29 | 14,24 | -0,010 | 1.67 | 465,5 | 30,61 | 99,25 |229,5 1.5
9.530 | 2,647 [ 9,316 85.76 | 23,82 | 85.76 | 23,82 | -0,006 [1,33|371,8 | 64,07 | 99,7 | 192,2 1,3
7.228 | 2,008 [ 9,305 65.05 | 18,06 | 65.05 | 18,06 | -0,002 [1.35|376,4 | 48,00 [ 99,25 | 360,0 24
9.145 | 2,540 | 9,332 8231 (22,86 |82.30 22,86 | 0,010 [1.82]|507,0| 45,08 [ 99,25 |338,1 23
7.041 | 1,956 {9,386 63.37 | 17,60 | 63.36 | 17,60 | 0,006 |[1.46|407,0| 43,24 | 98,77 | 531,8 35
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Debitul total de zgurd si cenusd se determind
din debitul de cenusd la intrarea in PAR si debitul
de zgura uscata, inclusiv nearsele.

Thj'ocrzr = Mg par + Thzg usc 4)
unde:

Mgocay - debitul de zgurd si cenusd total, in
[ke/s];

Miner pag - debitul de cenusa la intrarea in
PAR, 1n [kg/s];

Mzg uee - debitul de zgura uscatd, inclusiv
nearsele, n [kg/s].
Debitul de cenusa cazutd in PAR este diferenta
intre debitul de cenusa la intrarea in electrofiltru si
debitul de cenusa la intrarea in PAR:

Mpar = Miner par + Miner ELF o)
unde:

thpag - debitul de cenusd cazutd in PAR, in
[ke/sl;

Winer par - debitul de cenusd la intrarea in
electrofiltre, in [kg/s].

Gradul de retinere in palniile capului de

intoarcere a gazelor arse se determind cu

urmatoarea relatie:
riuntr FAR

Xpge=100-|1 ————|—x 6

ciga Mfocar focar ( )

Xciga- grad de refinere in pélniile capului de
intoarcere a gazelor arse, in [%];
X rocar - grad de retinere focar, in [%].
Gradul de retinere al cazanului:
Xcazan =Xfocar T Xciga [%] (7)

Gradul de retinere in PAR se determinad astfel:
T pAR

Xpag =7 100 [%] 3
M fFoear
Gradul de retinere total, pana in electrofiltru:
Xiot = XPAR T Xfocat Xciga = XPART Xcazan [%] (9)

Pentru a putea face o estimare a gradelor
de retinere se calculeaza media lor:
pentru focar:

E[?:-_Iifucnr
Xfocarmed = -
(10)
pentru capul de intoarcere gaze arse:
E?:'_xl: cL
X onga mea =ngﬂ (11
pentru cazan:
E?:' X 7
Xcazmn med = % (12)
pentru PAR:
Ll %iPaR
Xpar mea + (13)
pana la intrarea in electrofiltre :
o
Xtot med = — _?I.E'ﬂf (14)

unde:
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X focarmed- grad de refinere mediu in focar, in
[%];

Xifocer- grad de retinere in focar, pentru
masuratoarea numarul i, in [%];

X ciga mea - grad de retinere mediu in palniile
capului de intoarcere gaze arse, in [%];

Xicige~ grad de retinere In pélniile capului de
intoarcere gaze arse, pentru
numarul i, in [%];

X pazan mea - 2rad de retinere mediu In focar
si palniile capului de ntoarcere, in [%];

X;eoazan - grad de retinere in focar si pélniile
capului de intoarcere, pentru masurdtoarea
numarul i, Tn [%];

Xpar med— grad de retinere mediu in PAR,
in [%];

X;par - grad de retinere in PAR, pentru
masuratoarea numarul i, in [%];

Xeor mea - grad de retinere mediu pind in
electrofiltru, in [%];

X;+0¢ - grad de retinere pana in electrofiltru,
pentru masuratoarea numarul i, Tn [%].

masuratoarea

5. INTERPRETAREA REZULTATELOR

Din datele rezultate in tabelul 5 va rezulta
tabelul 6 in care se introduc datele necesar pentru a
putea trage anumite concluzii, i anume: debitele
de cenusa cazuta la PAR, coeficientii de retinere la
PAR reale si cel estimat, debitele de cenusa la
intrare in electrofiltru reale si estimate, debitele de
gaze arse la intrare in electrofiltre si randamentele
impuse la proiectare la electrofiltre. Din acestea,
vor rezulta: eroarea de estimare a datelor,
concentratia de cenusa la intrare si iesire in
electrofiltre, inclusiv de cite ori depasesc
concentratiile de cenusa la cos normele in vigoare.

Debitul de cenusd estimat la intrarea in
electrofiltru se determina cu relatia:

m

intr ELF g5t = )
Mp4
(100 — Xeor madj'xp); ni-.i [kgf.'i‘]
(15)
Eroar_ea de esti_mare:
g = Mintr ELF~™inmr ELF est 100 [%-] (16)

T HLY

Folosirea acestor estimari ne aratd ca

rezulta erori foarte mici, intre -0,01% si +0,01%,

ceea ce este un lucru imbucurator, reprezentarea
lor este prezentata 1n figura 3.
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Destimare 1
Hestimare 2
Oestimare 3

Cestimare 4
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Destimare 7
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Fig. 3.

Pentru estimarea concentratiei cenusii in
gazele de ardere se utilizeazd datele de proiectare a
electrofiltrelor si concentratia cenusii la intrare in
electrofiltru, rezultdnd valori foarte mari fata de
valoarea limitd de 150 mg/Nm’® depisirile fiind de
de 1,3 = 3,5 ori.

Concentratia cenusii in gazele de ardere la
intrare n electrofiltru este determinata cu relatia:

CintrELF = %-100{] [g;‘mi.] (17)

unde:

therpir - debitul de cenusd la intrare In
electrofiltre, in [kg/h];

Mo~ debitul gazelor de ardere, In [Nm’/h].
sau
ConerELr = — " -3600000 [g/m3]
Mga
dacd #i;psgrr €Ste In [kg/s].
Concentratia estimatd a cenusii in gazele

de ardere dupa electrofiltre:

(18°)

1—
CintrELF — ﬁ Cingr grr 1000 [mg/ mi-]

(19)

unde:

Cigz ELF
k=== (19)
Cpal tim
unde:
Cpaizim - Vvaloare limitd a concentrafiei

cenusii in gazelor de ardere.
3
N .Cvﬂllim= 150 mgmm . ) .
In figura 4 se reprezintd grafic concentratiile de
cenusd, raportat la valoarea limita.
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6. DETERMINAREA  DEBITULUI
CENUSA EMIS IN MEDIUL AMBIANT

DE

Vom folosi datele din tabelul 4 si relatiile de
calcul (1), (2), (3), din care vor mai rezulta
urmatoarele relatii de determinare a debitului de
cenusd in gazele arse la intrarea in electrofiltre:

. L
Mps =10 (4 40y 2 e B |4 QO
Ap oty = (1 —x)-a-B E] 1)

Din acestea rezulta cele 2 tabele:
- tabelul 7 pentru calculul debitului de
cenusd conform relatiei (1) si (20).
- tabelul 8 pentru calculul debitului de
cenusd conform relatiei (3), (21); respectiv (2)

Nerr - randamentul de proiect al electrofiltrelor. pentru calculul factorului de emisie.
Coeficientul de depasire al concentratiei limita:
Tabel 7

Bkg/s| Hi |[Ai% | nD |q4| au Dga mps g/s | Mps kg/s cml

k)/kg % |%| % Nm’/s mg/Nm®
119,75 | 7314 | 2095 | 98 | 1 87 472447 | 436,5713 | 21,82856 | 46,2032
109,33 | 7641 [ 20,77 | 98 | 1 87 445794 | 395,1609 | 19,75804 | 44,32102
94,78 | 8143 | 17,37 | 98 | 1 87 465553 | 286,5022 | 14,32511 | 30,7701
112,59 | 6615 | 24,4 | 98 | 1 87 371864 | 478,0517 | 23,90259 | 64,27776
99,57 | 7678 | 20,9 [ 99 | 1 87 374435 | 181,0685 | 18,10685 | 48,35778
116,7 | 6548 | 22,5 | 98 | 1 87 507099 | 456,9212 | 22,84606 | 45,05246
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91,66 | 7494 | 21,1 | 98 | 1 87 407059 | 336,5571 | 16,82785 | 41,34009
Tabel 8
Hi B kg/s| A=a y | X Aev Ain_elf e
kJ/kg % % | % g/s kg/s kg/k]J
7314 | 119,8 | 20,95 | 98 | 13 | 436,525 |21,82623 | 0,000498
7641 109,3 | 20,77 |98 | 13| 395,116 [19,75582 | 0,000473
8143 194,78 | 17,37 |98 | 13 | 286,461 | 14,32306 | 0,000371
6615 | 112,6 | 244 |98 | 13| 478,012 |23,90061 | 0,000642
7678 199,57 20,9 |99 13| 181,048 | 18,10481 | 0,000237
6548 | 116,7 | 22,5 |98 |13 | 456,881 |22,84403 | 0,000598
7494 | 91,66 | 21,1 |98 | 13| 336,521 |16,82603 | 0,00049

Avand ca baza datele din tabelele 4, 6 s-au
recalculat valorile din tabelele 7 si 8 rezultind
urmdtoarele: 17, = ¥ = 98 %; pentru electrofiltrele
nemodernizate si 99 % pentru cele modernizate;

¥=1—tagnm=13 %, deci =87 %

7. CONCLUZII

Metodologia de estimare a concentratiei cenusii
in gazele de ardere la intrarea in electrofiltre,
considerand-o corectd, ne poate ajuta sa calculam
foarte rapid si cu o precizie foarte buna (+ 0,01%)
datele necesare. Relatia (18) ne aratd ca putem
determina concentragia cenusii la intrare 1in
electrofiltre cunoscand doar debitul de cenusa
cazut la PAR si coeficientul de retinere estimat al
PAR-ului, deci relatia se poate generaliza
cunoscand debitul de cenusa retinut Tntr-un anumit
punct al circuitului si coeficientul de retinere
estimat in acel loc, rezultand relatia:

Thir:r:r'EL-F et — (1 i — Yeor r:lmd}'?_j [k}j‘f.&’] (22)
unde:
X 4 - grad de refinere mediu in punctul A, in [%];

Xepormea - grad de retinere mediu pind 1n
electrofiltru, in [%];
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MinerELF o= - debitul de cenusd estimat la intrare
in electrofiltre, n [kg/s];

ti, - debitul de cenusd retinut in punctul A, in
[kg/s].

Valorile obtinute pentru randament electrofiltre
si gradul de recirculare, respectiv retinere sunt cele
optime pentru grupul energetic de 330 MW din
cadrul Termocentralei Turceni ce a fost studiat,
aceste valori vor fi folosite 1n calculele ulterioare.
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Abstract. The paper analyses the possibilities of reducing NOx emissions resulting from combustion of lignite
from basin Oltenia. The benefits and disadvantages of different methods used worldwide are presented.
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1. INTRODUCTION

When burning solid fuels in the furnace of the
steam boilers, nitrous oxides are being formed, the
nitrogen that contributes to the production of the
pollutants comes from the nitrogen from the fuel
and the nitrogen from air.

Basis pollutants based on nitrogen under the
form of NO and NO, are generically known as
NOx.

The nitrous oxides contribute at the formation
of acid rains which affect the ecosystems,
participate at the formation of photochemical
pollution and of the troposphere ozone, producing
pulmonary diseases and having a lariat effect (
monoxide of nitrogen).

From the total quantity of NO, developed by
burning, around 95% is under the form of NO, the
rest under the form of NO, Released in the
atmosphere, NO, in the presence of oxygen from
the air and under the influence of ultraviolet rays is
transformed in NO, that is very toxic. Sometimes
NO2is combined with water vapors forming nitric
acid, H,NO;, NO is an colorless, smelling and
instable gas while NO, is a red- brown colored gas,
with a irritant characteristic smell and sweet taste.
Nitrous oxides attach the airways, the mucosa,
transforming the oxi- hemoglobin in meta-
hemoglobin which can lead to paralysis. The nitric
acid determines the apparition of more types of
corrosion that attacks the metallic constructions.
The oxidant character of nitrous oxides and formed
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nitric acid are the main causes of destroying plastic
masses, paints, marble, etc, these go in the micro-
fissures of the materials forming nitrates that
increase the fissures leading to the destruction of
the constructions.

The NO, content can be expressed in mg/ m’N (
in normal conditions of temperature and pressure —
that is 0°C and 760 mmcolHg), respectively in
p-p-m ( parts of a million).

Defining conditions in which burning gases are
for which NOy is being measured is very important.
That is why, regulated vales that are not overcame,
will be, in case of a burning installation:

Burning installations:

- powered by liquid or gas fuels 3%

- powered by solid fuels in
condition 6%

- gas turbines ( for every fuels) 15%

- engines with interne burning (for every
fuel) 5%

- ovens from the glass industry 8%

- plants of incineration ( burning) of wastes
11%

sprayed

2. THE MECHANISMS OF NITROUS OXIDES
FORMATION

Due to the fact that NO is a dominant product
generated when burning sprayed coal, the majority
of physic and mathematic models refer to it. NO is
formed in three ways:



- N from fuel released at relatively low
temperatures forming NO fuel;

- The reaction of the oxide with the oxygen
at high temperature form thermal NO, its
concentration in burning gases from the flame
largely depends on the value of the temperature;

- The radicals derived from fuel react with
the oxygen forming prompt NO; this is formed in a
narrow area of the initial part of the flame, area in
which a big jump of temperature can be observed.

The nitrogen can come from the atmospheric air
introduced for burning, generally named molecular
oxide that leads to the formation of thermal NO
and prompt NO; organic molecules present in solid
fuels or heavy liquid, named generically oxide
from fuel.

Therefore, in the burning process of the fuel,
nitrous oxides appear — that are named NOy as
secondary effect of burning at high temperatures,
due to the reaction of O, in excess with the
nitrogen from the air and the flame temperature.
NO from the fuel is formed in two ways: from the
nitrogen contained in volatiles and the nitrogen
contained in coke. The nitrogen contained in
volatile is released in time of the devolatilization
of the coal particles and the nitrogen from the coke
is residual nitrogen that remains in the matrix of
mineral substance — coke that follows the
devolatilization process.

In general, NO, is formed in two ways:
transforming HCN in gas phase; heterogenic
transformation of nitrogen in coke and soot. It is
also taken in consideration the interaction of NO
with other products like SO,, coke and ash.

The quantity of nitrous oxides generated during
burning depends on the type of used fuel and on
the conditions in which the burning takes place.

This can be diminished by taking action on the
conditions in which burning takes place,
respectively, by lowering the maximum
temperature of the flame, diminishing the oxygen
excess, etc. When these measures named primary
are insufficient, we must call to reduction
procedure of nitrous oxides from the burning gases,
secondary measures.

The main factors that influence the speed and
the way of developing formation mechanism of
nitrous oxides are:

- burning parameters: temperature , O,
concentration in the burning area, and stationary
time

- the properties of the fuel: calorific power ,
the content of nitrogen , the content of volatile
substances and reactivity.
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The emissions of NOx do not reach significant
values until 1500°C. Once this temperature is
reached, any further grow leads to a rapid grow of
the formation rate of NOx. NO, production is
maximum for excess of O2 and 5-7 %( 25-45%, air
excess). A level of air excess leads to the reduction
of the temperature flame therefore slowing the
reaction.

The reactions of forming the nitrogen are:

When the air is in excess

O+N,=NO+N (D)
N+0,=NO+O )
When the fuel is in excess:

N+OH =NO+H 3)

The reactions are possible when temperatures
are bigger than 1300°C.

It is possible that on the way of burning gases
even at temperatures lower then 650°C, reactions
like the following can appear:

2NO+0,=2N0O, )

3. REDUCTION METHODS OF NOx

To reduce the concentration of NOy there are
many primary measures of reduction of the
emissions in order to suppress the formation of
nitrous oxides in the burning installations. All this
methods have as mean the modification of the
operation parameters or projecting the burning
installations so that the formations of nitrous
oxides is reduces or already formed nitrous oxides
can be transformed inside the boiler before being
released.

Primary measures of emissions reduction are :
the excess of reduced air, reducing the temperature
of pre-heating the air , introducing gradually air in
the furnace, burning with reduced NOy , recycling
the burning gas , in furnace , introducing gradually
the fuel: reducing NO, in the furnace by re-
burning; burning with reduced NO, , burning in
fluid layer.

Burning with excess of reduced air is a
simple method of reduction of NO, formation, the
burning can be optimized, it is easy to implement,
it doesn’t need constructive changes, in some cases
the efficiency of the furnace can be increase. The
reduction of the air excess in the burner minimizes
the air debit of the fuel during the initial burning
phases, leading to the formation of smaller
quantities of NO, Due to reduced level of oxygen
lead, the burning can become incomplete, the
quantity of unburned carbon from the ash increases
and the temperature of the steam can decrease. The
reduction of O2 quantity in primary zones at values
under 1% can lead to a high level of CO emissions;
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when lowering the efficiency of the boiler,
corrosion, having a general contra productive
impact on the performances of the boiler. Potential
problems that can occur when applying this
method are: fire in air heaters and the ash bunker
as well as the growing of water losses from the
tube that shield the furnace.

Reducing the heating temperature of air
leads to the limitation of maximum temperature in
the primary zone of burning. The process is not
applicable to furnaces with liquid evacuation of
ash that is to furnaces projected for big heating
temperatures and on burning natural gases.

High heating temperature of air is essential for
a correct functioning of the burning installation.

Burners without distribution and burners
with  preferential burning, burning in
substoichiometric conditions or burning by air
injection is based on the control of introducing
oxygen in the furnace. By dividing the necessary
total air , for burn in the furnace it is achieve a

burning area and a filling area of burning with
oxygen excess called the secondary area.

The conditions from the primary area involve
the transformation on N from fuel in NO,
achieving a maximum of temperature more
reduces, conducting to the reduction of thermal
NO. The filling of the burn is made with excess air
in the secondary area characterized by relatively
low temperatures. The main techniques of
achieving this method are: burners with
preferential burning, burners without distribution
of tertiary air.

Natural setting of the fuel consists in delaying
the injection of a part from the fuel of the flame so
that in the flame there is a poor area in fuel at
relatively limited temperature followed by an area
with a higher temperature in which it is injected
the rest of the fuel, this area has a reduced quantity
of oxygen. In figure 1 it is presented a burner with
natural setting of burning sprayed coal.

Fig. 1. Burner with natural setting burning

Natural setting of air is used mainly for
solid fuels and it is identical to the previous,
creating distinct areas of burning that are made by
natural setting of injecting the necessary air for
burning either in the burner or in the furnace. It is
presented the case of sprayed coal burners frontally
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placed. In the burning area there is a lack of O, the
missing area is introduced above the flames.

In practice there are the following options for
making a gradual introduction of the air:

- air above flame ( over fired air) — the slots for
entering air are installed above the superior line of
burners, on one side the burning air is injected in



these. The reduction of NO, is based on the
creation of two distinct areas of burning; a primary
area characterized by lack of oxygen and a
secondary area with oxygen excess to ensure a
complete burning.

Colector (cheson)
de aer

Aszitoars

Focar 1 :
sau
camera de

Cezcul
imaginar
tangent

combustie

i = '\,__, - )
. Vmej
:;’/’ ) J

Colector (cheson)
de aer

N f '

Arzitoare T

la axa
arzdtoarelor

Adriana FOANENE

In the case of sprayed coal, the disposal in corners
of the burners and the tangential introduction of
secondary air at a certain angle regarding the main
direction as it can be observed in figure 2, limits
the flame front and it creates a rich area in fuel in
the center of the furnace.

Arzitoare

Fig. 2. Arrangement of burners in the corners and tangential introduction of secondary air

This placement leads in inferior NO emissions
then those obtained at the frontal disposal, the
reduction of the flame length, its center reduced
heat is ceased by radiation directly to the walls of
the equipments leads to the recirculation of the
burning gases by the burners realizing an important
transfer of heat trough the walls.

NOy reduction in furnace by re burning it
seeks the reduction of the concentration of the
oxides that are already formed while burning at
molecular nitrogen.

On re burning there are three areas that are
formed:

- the primary area of burning: air excess varies
between 1,13 - 1,15

- reduction area (re burning) the conditions are
substoichiometric

- the definitive area of burning

Burners with reduced NOj for sprayed coal it
supplies a quick mix of the coal with the burning
air leading to very high temperatures of the flame
with the purpose of reaching a high burning
intensity and an increased efficiency , conditions
that favor the production of an increased level of
NO,_ In burners with reduced content of NO, the air
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is gradually involved. The burners are projected to
control the mix and the stoichiometric of the fuel
and the air from the area near the burner, to delay
the transformation of N form fuel in NO, and
formatting thermal NO, all in the conditions of a
great efficiency of burning. This is realized by
controlling the moment, the direction and the
quantities of fuel and air when exiting the burner
while the jets are directed in the furnace.

In case of the burners with reduced NOx
burning , reduction and definitive of burning take
place in three distinct areas.

Burners with reduced NO, based only natural
setting of air are capable to reach a reduction of
30-60% at commercial skill depending on the used
coal and on the operating conditions.

These burners can be: gradual burners with
recycling gases or with air and fuel in steps and
turbine burners with reduce NO,

Burning in fluidized layer

The fluidized layer is generally composed of
inert  granulated material that has a
desulphurisation action (limestone or dolomite),
constituting the environment in which the
coefficients of intern and extern heat transfer are
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very big, the layer is at a very homogenous
temperature.

Injecting fuel directly in the fluidized layer, the
fuel burns in an environment of which temperature
is well controlled. There are two types of fluidized
layers: the fixed fluidized layer or in boiling
(bubbling beds); the fluidized circulated layer
(PCF).

Burning in fluidized layer is used mainly for
solid fuels, the content of nitrous oxides is situated
in this case between 200-300mg/cm3N (at 6% O,),
meaning a half or a third of the obtained value for
the same burned fuel under sprayed form.

3. CONCLUSIONS

For the existing furnace the implementation
decision of one or another method depends
essentially on each case. For the new furnaces the
decision is influenced by the allowed level of NO,
concentrations and  obviously by the
implementation costs. Their application can be
made individually or in combinations of two or
more technologies. Maximum performances
obtained with every method are in part as follows:

- Burners with NO, lower than 40%

- The air above the burning area 30%

- Recycling burning gases 40%

- Reducing NOx in the furnace 30%.

Applying these primary methods by reducing
the NO, has, still, some secondary effects as: the
possibility of appearing unburned mechanic and
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chemical (due to the incomplete burning), the
higher risk of dirtying surfaces; the increase of the
quantity of gas at exhaustive, in the case of
recycling burning gases; the risk of appearing
sulfuric hydrogen in the furnace, for the fuel with
over 1% sulfur, due to poor atmospheres in
oxygen; the risk of pipes corrosion in the furnace,
modifying the distribution in ceasing heat between
the furnace room and the following surface, due to
major modifications that appeared in the burning
process; modifications and settlements of the
automatic system of the burners; the complication
of the route of some pipes from the furnace that
leads to disorders in the emulsion circulation.
Taking into consideration that some of the
denoxation procedures need big investments, until
the implementation of the best methods we can go
with easier methods even if the efficiency is not
very big.
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1. INTRODUCERE

Oxizii de sulf sunt rezultatul oxidarii a ufuluiin
procesul de ardere a sulfului continut de
combustibil. Participarea sulfului in compozitia
carbunilor este cuprinsd 1n general ntre 0,1 si 7%
Provenienta sulfului in cirbuni este diversd s
poate fi grupata astfel: sulful organic; sulful di
sulfuri, (piritic); sulful din sulfati si sulful mineral. ~

Sulful organic, Sy, este constituit din sulft”
existent in cirbuni sub forma diferitelor combinat
organice. El reprezinti intre 30% si 70% di
continutul total de sulf, fiind cu atit mai ridicat cu
cat continutul total de sulf al carbunelui este mai
scazut. Sulful din sulfuri (piritic), S; , este
constituit din sulful aflat in combinatii chimice sub
forma de monosulfuri sau bisulfuri in masa
minerala. Sulful din sulfati, Sso4, este constituit de
sulful aflat in combinatii chimice sub forma de
sulfati solubili sau insolubili In masa minerala.
Sulful din sulfuri si sulful din sulfati constituie
sulful mineral.

Din punct de vedere al arderii sulful poate fi
combustibil sau necombustibil. Sulful combustibil,
Sc , este constituit din sulful organic si sulful din
sulfuri, iar sulful necombustibil, S,, este constituit
din sulful din sulfati, acesta din urma ramane in
cenusa dupa ardere.

In combustibili lichizi, pacura, sulful se gaseste
sub forma de sulf organic si sulf din sulfati.

Diluat 1n apa ploilor acidul sulfuric constituie
unul din constituentii majori ai ploilor acide, acidul
azotic fiind celalalt constituent major.
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2. MASURI DE REDUCERE A EMISIILOR
OXIZILOR DE SULF

Tehnologiile generale de desulfurare a fluxului de

gaze (FGD) utilizand procesele umede sunt:

- spalare cu (piatra de) var

- spalare cu (hidroxid) de sodiu

- spalare cu amoniac

- spalare cu apa oxigenata

- spalare cu apa de mare

- spalare cu alcali

- altele

Desulfurarea umeda se face in echipamentele

numite scrubere umede, care sunt tehnologii FGD,

aflate in top pe piata fiind utilizate in cazanele mari

de abur.Aceasta se datoreazd gradului mare de

retinere a SO, si fiabilitatea ridicatad.Piatra de var

este utilizata in cele mai multe cazuri ca adsorbant,

aceasta fiind disponibild in cantitdti mari in multe

tari, fiind ieftind pentru proces in comparatie cu

alti adsorbanti.Produsele secundare sunt gipsul sau

amestecul de sulfat de calciu/sulfit, depinzand de

modul de oxidare.Dacd ghipsul poate fi vandut,

atunci costurile totale de operare pot fi reduse.
Spalarea cu sodiu era obisnuita la sfarsitul

anilor 1960 in Japonia.Produsul secundar, sulfitul

de sodiu, era vandut pe piata industriei de

hartie.Procesul de spalare cu sodiu este simplu si

era aplicat unui numar mare de cazane mici

alimentate cu pacurd. De asemenea se mai

utilizeazd sistemele de spalare cu magneziu,

utilizatd in cazanele industriale relativ mici, ca

urmare a costurilor reduse de capital. Apa uzatd ce



contine sulfat de magneziu poate fi devarsatd in
apa maritima.Produsul secundar al scruberului
umed cu amoniac poate fi utilizat ca fertilizant 1n
agricultura.

Dezvoltarile recente din procesele cu alcali,
care permit utilizarea pietrei de var in locul
sorbentului scump cu var, si productia de gips, pot
sd reia utilizarea acestui sistem.

Scruberele umede cu var/calcar sunt cele mai
utilizate sisteme FGD (desulfurare a fluxului de
gaz) , avand 80% din intreaga capacitate FGD
instalatd.Figura lprezintd schema de principiu a
instalatiei de desulfurare umeda a gazelor de ardere
utilizatda la CTE Rovinari cu var/piatrd de
var.Calcarul este utilizat in general ca reactiv
deoarece este prezent in cantitati mari in multe tari
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si Tn mod normal de trei sau patru ori mai ieftin
decat ceilalti reactivi.Varul este utilizat uzual ca
reactiv in instalatiile vechi datorita reactivitatii lui
mai bune cu SO,.Cu toate acestea varul a fost
inlocuit de calcar pentru a reduce riscul calcinarii,
acesta fiind foarte activ chimic.in unele cazuri,
varul se utiliza in locul calcarului datorita
cerintelor pentru culoarea alba ceruta de utilizatorii
gipsului.Procedeul FGD ce utiliza calcarul putea
atinge acelasi grad de retinere a SO, ca si
varul.Reactivitatea calcarului are o influenta
importantd asupra randamentului sistemului FGD;
cu toate acestea, la momentul actual nu exista
standard sau metoda normatd pentru a testa
reactivitatea.Se utilizeazd de asemenea si alti
reactivi, precum varul imbogdtit cu magneziu.
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Fluxul de gaz ce paraseste sistemul de desprafuire
trece prin schimbatorul de céldurd si intrd in
absorber unde este 1ndepartat SO, prin contact
direct cu o suspensie apoasd de calcar, acesta
trebuind sa contind mai mult de 95% CaCOs.

Slamul proaspat de calcar este Tncarcat continuu
in absorber.Fluxul de gaz spalat trece catre
separatorul prin pulverizare §i este emis 1In
atmosferd prin cosul de fum.Produsele de reactie
sunt extrase din absorber si sunt trimise in procesul
de deshidratare si alte procese.

Scruberul umed cu piatrd de var este Tmpartit In
doua categorii, in functie de tipul de
oxidare:oxidare fortata si oxidare naturala.

La oxidarea fortata cu un pH de 5 la6, gésit de
obicei 1n scruberele umede cu calcar, reactiile
chimice sunt urmatoarele:

SO, + H,O — H,S0; (1)
CaCO; + H,SO; — CaSO; + CO, + H,O 2)
CaSOs+ Y2 O, + 2H,0 — CaSO, 3)
CaCOs+ SO,+¥2 O, + 2H,0 — CaSO,2 H,O +
CO, “4)
CaS0s+ Y2 H,0 — CaSOs* ¥2 H,0 (5)

Reactiile (1)si (2)sunt obignuite 1n toate sistemele
umede FGD. Reactia (3) aratd oxidarea fortata a
sulfitului de calciu cu aerul si formarea sulfatului
de calciu deshidratat sau a gipsului in stare de
oxidare. La modul de oxidare fortata, aerul este
introdus la baza absorberului pentru a oxida
sulfitul de calciu 1n sulfat de calciu, atingdnd o
oxidare de peste 99%. In oxidarea naturald, sulfitul
de calciu este oxidat partial de catre oxigenul
continut in fluxul de gaz. Produsul principal este
sulfitul de calciu semihidratat (5). Amestecul
produs dintre sulfit de calciu semihidratat si gips
formeaza namolul. La o gama de pH redus intre
4,5-5,5 reactia chimica este diferitd.Dupa absorbtia
SO, (1), produsul primar al neutralizarii cu calcar
nu este sulfit de calciu ci bisulfit de calciu
Ca(HSO3)2.

CaCOs+ 2H,S0O5; — Ca(HSOs5), + CO, + H,O (6)
Ca(HSO3)2 +¥2 O, + H,0—
CaS0Oq°2 H,0 + SO, (7N

Bisulfitul de calciu este mai solubil decat
sulfitul de calciu.Functionarea intr-o gama de pH
redus are un risc redus de depunere si
infundare.Bisulfitul de calciu este oxidat si
cristalizat in forma de gips sau sulfat de calciu
deshidratat (7).

Deshidratarea primara este de obicei realizata
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de hidro-cicloane urmatd de deshidratarea
secundara, produsul fiind vandut in principal ca
ghips pentru ipsos, ciment, placi, sau utilizat ca
inlocuitor al gipsului natural pentru a umple minele
si terenurile.

Valorificarea gipsului poate contribui la o
reducere per-total a costurilor de exploatare.Gipsul
care se poate vinde, necesitd o spalare in timpul
deshidratarii secundare pentru a indeparta sarurile
solubile precum clorurile.

Produsul secundar din oxidarea naturald este un
amestec dificil de deshidratat. Amestecul este sulfit
de calciu semihidratat si sulfat de calciu
deshidratat. De aceea, deshidratarea primara
solicita un decantor, iar cea secundara este
realizata cu filtre sau centrifugi.

Produsul secundar final contine 40-50% apa.in
multe cazuri este depus pe halde sau depozite
finale 1nsd necesitd amestecarea cu cenusa
zburatoare si var pentru a nu fi spalat de
ploi.Procesul de oxidare naturald este practicat in
principal in SUA avind o fiabilitate destul de
mare, Intre 95-99% datoritd problemelor de
depunere a gipsului.Exista o tendinta de a trece de
la oxidare naturalda la oxidare fortata deoarece
gipsul este de calitate mai buna decat slamul, chiar
si pentru scopuri de depozitare finala.

3. CONCLUZII

Desulfurarea gazelor de ardere se poate face
prin mai multe procedee folosind scrubere umede.
Metoda este mai eficienta decdt desulfurarea
uscatd, gradul de retinere a SO, este mai mare.
Desulfurarea cu piatrd de var este cea mai utilizata
deoarece piatra de var se gaseste in cantititi mari si
este ieftina.

La CTE Rovinari se afla in montaj sistemul de
desulfurare umeda cu piatra de var care in
momentul de fata este utilizat la mai multe centrale
termoelectrice.

Produsul final rezultat dupa desulfurare, gipsul,
care poate fi vandut.

Gipsul depus in depozitele de cenusa fixeaza
cenusa §i se evitd antrenarea ei In aer cum se
intdmpla Tn mod frecvent la Rovinari.
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EXPERIMENTAL RESEARCH ON THE EFFECT OF
CHANGING THE PERMEABILITY OF THE FILTER ON
THE PERFORMANCE OF A FUEL INJECTION ENGINE

Dinili IORGA’, R. HENTIU?, Liviu MIHON', Toan HITICAS', Daniel CARABAS", Walter
SWOBODA'

'UNIVERSITY POLITEHNICA OF TIMISOARA, Romania.
MAHLE TIMISOARA, Romania.

Rezumat. Aceasta lucrare prezintd teste experimentale asupra permeabilitatii filtrelor cu diferite grade de
porozitate, cinci astfel de elemente, toate avind ca referintda C20NE, pentru a determina variatia puterii si
momentului la motoarele cu aprindere prin scanteie. Concluziile la care s-au ajuns releva faptul ca odatd cu

Cuvinte cheie: permeabilitate, filtru, aprindere prin scinteie, caracteristica de putere si moment.

Abstract. This paper presents the experimental tests on the permeability of filters with different degrees of
porosity, five such filter elements, all by referring to one reference, namely the C20NE, to determine the variation
of power and moment of an spark-ignition engine. The conclusions were reached are those that along with
changing the filter permeability, influences the characteristics of spark ignition engine are minimal.

Keywords: permeability, filter, spark-ignition engine, characteristic of power and moment.

1. INTRODUCTION

Today we can see the approach on the engines
domain, on different components elements, from
different systems, to improve their performance
and reduce pollution levels. Thus, using Fluent
program, was managed the air filter housing
research, watching the flow velocity at the
entrance, exit and inside the filter.

Research conducted and presented in this paper,
aiming airflow in the air filter housing of a spark
ignition engine with 4 cylinders. Engine
performances are increasing and therefore air
filtration system becomes increasingly complex,
must meet several requirements, including:

-avoid water absorption

-pre-heating intake air

-improving performance through constructive
optimal location

-solid particles from the air intake filtration.
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Fig. 1. Part of filtration system

2. FILTERS CONSTRUCTION

Experimental part was made on a car Opel
Omega - production year 1992, engine capacity
1998 cm3, maximum power 85 kW at 5200 rpm,
maximum torque 170 Nm at 2600 rpm — on
dynamic bench roller Maha, type LPS3000, and to
ensure a working close to the real, all the auxiliary
vehicle equipment systems were kept.

Filter elements used in the experiments were
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conducted in the plant in Timisoara Mahle

Industrial Filters, by adapting the molds of a Filration | Fitering | oY fpore size
standard flat filter. The filter characteristics have Element medium | Surface [mp] [V's] la [um]
been changed, for this filter using elements similar dp=200Pa
to those made from materials Opel, made by
different filter materials and different filter C20NE C%}%c;se 038 260 21
surfaces.

The seal profile is similar to the original; it is
standard for flat elements. Creases lateral seal was EF01 gzgzzs% N 06 860 60

made after the industrial standard method, which is

different from the original element, but provides

the same function. EF02 Cemose N 12 860 60
Mold the seal is a standard feature, but Epoxid T1

modified in order to obtain the size of the original Cellilose 4

Opel. Figure 2 show as the mold set the seal with EF03 0.6 260 35

: Epoxid T2
mounting template folds.
prog | Cellilose g0 260 35
Epoxid T2
gros | Celdlose 4, 260 35
Epoxid T2

The first feature is made for the original item,
which is shown in Figure 3.

EF00 - C20NE

90 250
85 240
230
220
210

80
75

70
r 200
65

Fig. 2. Mold liners constructed element

180
180
170

60
3. EXPERIMENTAL ACHIEVEMENTS 55 1

50 180

- 150

Pe [kW]
Me [Nm]

To determine the variation of power and
torque, measurements were made for each of the
five types of filter elements shown in Table 1; this
paper presents the only some of the types.
Temperature, ambient pressure and relative L 110
humidity did not vary significantly during 25 100
measurements, even if they were made at different 20 - 00
times of day. 1% 50

Filter elements presented in the paper are 10 : : : . — L7
EF01, EF03 and EFO0S, presenting in the figures 1opo- 200003000 4BOD 5000 6000
below, characteristic of power and moment with n [rotimin]
these filters elements.

45
140

r 130
120

40
35
30

Fig. 3. Characteristic of power and moment for the original
filter C20NE t,,,=24.0 °C, ¢=32,6%, pmp=1023,0 hPa
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EF01
90 250
85 4 T 240
g0 | -+ 230
+ 220
75
1210
70
-+ 200
o + 190
au 1 180
— 55 T 170 e
= £
= 50 1180 &
b Q
a s 1150 =
40 + 140
1130
35
+ 120
30
4110
21 1 100
20 1o
15 4 )
10 : : - - 70
1000 2000 3000 4000 5000 6000
n [rot/min]

Fig. 4. Characteristic of power and moment for the original
filter EFO1 — T1 t,,,=24.,6 °C, ¢=31,7%, p,m»=1022,9 hPa

EFO03
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o | { 240
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75 4
1210
70 4
L 200
65
1 190
60 A L 180
55 1170 =
g E
= 50 | 160 Z,
@ )
el 1150 =
40 4 L 140
1 130
35 4
L 120
304
1110
25 Pemax =839 kw
Me max=156.7 Nm L 100
20 4 Lag
154 an
(0] T T T T T 70
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EF05
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5 1 oan
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704
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& e 1150 E
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204
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Fig. 6. Characteristic of power and moment for the original
filter EFO5 — (2 t,,,=26,8 °C, 9=27,4%, pyny=1021,8 hPa

In the figure below can follow the above
characteristics comparison to more easily assess
the changes in parameters after changing filter
elements. In Figure 5 are all cases for which
experimental research has been made, but the work
has been presented only three of these cases.

EF00 ... EF05

@
)
Me[Nm]

Fig. 5. Characteristic of power and moment for the original
filter EF03 — 2 t,,,,=26,0 °C, 9=27,9%, pam»=1022,2 hPa
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—PeEFO0 —— PeEFO0T —— PeEFO2
207 — PeEFD3 PeEF04 — PeEFD5 a0
— Me EFO0 —— Me EF01 —— Me EFOZ
151 — e EFD3 he EF04 —— Me EFO5 &0
10 70
1000 2000 3000 4000 5000 G000 n [rotimin]

Fig. 7. Characteristics of power and moment for the filters
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By changing the filter surface, we tried to
simulate restricting, respectively an-restricting, the
intake manifold to the filter, in order to observe the
effects of the performances of the engine. In terms
of efficiency, the deviations do not exceed 2% in
cases using various filter elements, which can be
seen in the figure below.

n. [%4 EF00 - 05

sEFO0 4 EFD
=EF02 +EF03

SEF04  +EF05

2

1000 2000 300 aom

@00 [rotimin] 500

Fig. 8. Variation of the effective yield of the engine,
depending on the filter element

4. CONCLUSION

After experimental tests performed, we can
specify which items were more strongly influenced
engine characteristics, namely: EFO1 element (0.6
m® filtration area, resistance to flow four times
better than the original item) and EF03 (filtration
area 0,6 m’, resistance to flow the same as the
original item). However, the influence on engine
power characteristic was not significant, and this
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because the original dimensioning of the filter,
which allows a higher flow than that required for
the engine to operate smoothly and in low
permeability conditions.

Interesting was the fact that the elements of 1.2
m® surface, due to excessive folds approach,
proved to be a greater flow resistance than in cases
with 0.6 or 0.8 m” surface, a situation which
distribution folds was more advantageous. Hence
the variation of power and torque values, which
did not increased in comparison with other
elements, although theoretically, due to higher
surface permeability should be better.
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THERMODYNAMIC ANALYSIS OF A STIRLING
ENGINE USED AS PRIME MOVER IN A CCHP
BIOMASS SYSTEM

Krisztina UZUNEANU', Gheorghe POPESCU’, Téinase PANAIT', Marcel DRAGAN'

'UNIVERSITY DUNAREA DE JOS OF GALATI, Romania
*UNIVERSITY POLITEHNICA BUCHAREST, Romania

Rezumat. Motorul cu ciclu Stirling poate folosi diferite tipuri de resurse regenerabile de energie incluzind
biomasa, energia solara si geotermald. Aceste caracteristici fac din motorul Stirling o aleternativa promitatoare la
motorul cu ardere internd. Aceastd lucrare prezintd problema evaluarii performantei si eficientei motorului
Stirling utilizdnd combustibili regenerabili (paleti), intr-o microcentrala de racire si incélzitre a unui sistem de
trigenerare, pentru o resedin{a domestica.

Cuvinte cheie: sistem de trigenerare, motor Stirling, combustibili regenerabili, biomasa, paleti de lemn.

Abstract: The Stirling cycle engine can use different types of renewable sources of energy including biomass,
solar and geothermal energy. These features make the Stirling engine a promising alternative to the internal
combustion engine. The paper presents the problem of energy performance and efficiency evaluation of the
Stirling prime mover using renewable fuels (pellets), in a micro scale combined cooling, heating and power
(mCCHP) trigeneration system, for a domestic residence.

Keywords: Trigeneration system, Stirling engine, renewable fuels, biomass, wood — pellets.

1. INTRODUCTION

Fossil fuels such as petroleum, coal, and natural
gas have become limited resources. In addition,
global warming due to carbon dioxide (CO2)
emission has become a serious environmental issue,
in recent years. Since current living and
economical standards depend strongly on fossil
energy sources, it is necessary to realize a new
technology that utilizes biomass as a source of
energy. Climate change and limited fossil
resources call for a reduction of non - renewable
primary energy input and greenhouse gas (GHG)
emissions by 50 to 80 % by 2050 [1]. One possible
developmental path is decentralization of the
electricity system. Distributed power generation in
small, decentralized units is expected to help in
reducing emissions and saving grid capacity, while
also providing opportunities for renewable energy.
It could thus form a constituent part of a more
sustainable future. This vision of decentralized,
and often autonomous, technological systems has
been often replicated and has also been applied to
energy systems. The trigeneration concept refers to
the simultaneous production of mechanical power
(usually converted to electricity), heat (at low and

TERMOTEHNICA 1/2011

high temperatures) and cooling (using heat at high
temperature) using only one source of primary
energy [14]. This source is represented by fossil
fuels or by some appropriate types of renewable
energy sources (biomass, biogas, solar energy, etc).
Since biomass is the only carbon-based renewable
fuel, its application becomes more and more
important for climate protection [15]. One
objective of trigeneration systems is the
diversification of energy sources, especially use of
renewable ones, accordingly to the geographical
location.

2. MICRO CCHP SYSTEMS

A comparison of residential micro CCHP
technologies focused on prime mover, made versus
separate heat and power, where the needed
separate heat and power (SHP), indicates that the
overall system efficiency has the best value for
Stirling micro-CCHP technology as well as for
thermal/electric ratio [2, 12]. One of the most
recent and promising alternatives for the biomass
use are the m-CCHP (Combined Cooling, Heating
and Power small-scale <1 MWe) plants. In such
systems, there are no important resources
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requirements and the seasonal efficiency of the
conversion is increased thanks to the high
efficiency of the overall system and the large
operation period. A CCHP system (figure 1)
indicates large-scale technologies that contain both
improved conventional approaches, like steam
turbines, engines, combustion turbines and electric
chillers, as well as relatively new technologies
such as fuel cells, micro turbines, Stirling engines,
absorption chillers and dehumidifiers [14].
Although steam turbine, reciprocating internal
combustion engine and gas turbine that can be
considered as the conventional prime movers still
make up most of the gross capacity being installed,
micro gas turbine, Stirling engine and fuel cell
present a promising future for prime movers in
CCHP system.

Steamor .
Absorption
Hotlar Chillers
:I l-) Al
Handler

m
Wa
M Process
Unit
loads l

T Flectric
Building
3 E?ugr\tr:;lsr BeaictyV, —=)| o
Facility

Chillers
Fig. 1. A micro - CCHP concept

The trigeneration technology is a very good
solution to supply energy to the building sector
(residential houses, offices, hotels) [2].

Typical application
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Fig. 2. Schematic mCCHP

domestic consumption

The proposed micro-CCHP systems comprise a
prime mover, which generates electricity, and the
heat recovery and utilization components which
use the heat rejected by the prime mover provide
space heating, hot water, and cooling [7].
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3. A PRIME MOVER STIRLING ENGINE

Since the invention of Robert Stirling in 1816,
the Stirling cycle engines have always been of
great importance for the engineers to generate
mechanical or electrical power more efficiently or
to reduce the energy consumption of the
refrigeration devices [5, 11]. Stirling engines can
be used for primary power generation and as a
bottoming cycle utilizing waste heat for power
generation. The most outstanding feature of the
Stirling engine is its ability to work at low
temperatures, and thus it can use low temperature
energy sources that are widespread in nature: the
hot water from flat solar collectors, geothermal
water, and hot industrial wastes. Stirling engine
can also use all fossil fuels and biomass, to realize
an environmentally friendly electrical energy
production. Compared to conventional internal
combustion engine, Stirling engine is an external
combustion device [13]. It produces power by an
external heat source and not by explosive internal
combustion. Stirling engines closely couple a
burner to a heater-head heat exchanger that induces
harmonic oscillations in a piston inside a
hermetically sealed container [10, 11]. The Stirling
engine itself is a heat recovery device, like the
steam turbine [6]. Two types of Stirling engines
show potential for residential trigeneration: —
kinematic Stirling and free-piston Stirling [3,5, 11].
The free-piston Stirling has fewer moving parts,
does not need for a lubricant, it has low
maintenance costs and a longer life. The theoretical
efficiency of the Stirling engine is equal to that of
the Carnot engine, which is the highest possible of
all heat engines. Stirling engines generally are
small in size, ranging from 1-25 kW although
some can be up to 500 kW [11, 13]. The Stirling
engines are 15-30% efficient in converting heat
energy to electricity, with many reporting a range
of 25 to 30% [12]. The efficiency of modern
Stirling generators is more than 40% [7]. Stirling
engines are expected to run 50000 hours between
overhauls, and free-piston Stirling engines may last
up to 100000 hours [12]. The cost of 1 kWh of
power from a cogeneration system is 3—4 times
less than for centralized power systems, and the
heat generated is essentially free [6].

3.1. MATHEMATICAL MODEL ANALYSIS
OF STIRLING ENGINE

In the ideal Stirling engine cycle, a working gas
is alternately heated and cooled as it is compressed
and expanded [11].
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Fig. 3. VE — expansion volume, VC — compression volume, H
— heater, C — chiller, R — regenerator

The ideal Stirling cycle combines four processes,
two constant-temperature processes and two
constant-volume processes (figure 3) [11]. The
study presents the thermodynamic analysis of a
Stirling engine with two separate V cylinders [11].
Two pistons generate the compression and the
expansion spaces and the regenerator is on the
connecting pipe between the two variable volumes
(figure 4).

Fig. 4.

3.1.1. Volumes

Compression and  expansion instantaneous
volumes are defined according to crankshaft angle
[11].

- Instantaneous expansion volume:

Vg = VEm (1+cosa)/2 1)

- Instantaneous compression volume:

Ve, =k Vpm |l +cos(a—o)]/2 o
o — rotation angle of the crankshaft
¢ — angle between cylinders; usually, ¢ = 90°

- Overall instantaneous volume:
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l1+k+cosa+
/2
+kcos(oc—(p)} 3)

- Maximum overall volume:

VT :VE +VC :VEM|:

Vim =VeM + Vem =(1+k)Veym @

- Constant “dead” volume:

VM =XVEM 5)

3.1.2. Pressures

The total gas mass is the sum of instantaneous
mass of the considered volumes [11]:

\%
mT =pﬂ(l+cosa)+
2RTE
\% \%

KPVEM [ 4 cos(or— )]+ 2YM.
2 RTc RTpm )
Using the notations [11]:

VEM TM 1+7 (7)

Relation (6) becomes:

K_ (1 + cos o) + k(1 + cos(a — @) + 2S
p 8)

We use the notations:

2
A=(k2+rz+2krcos(p)l/ B =1+k+28

©)
c=A/B 9= arctdk sin@(t+k coso)) (10)
‘CZTc/TE’kZVCM/VEM (11)
And the instantaneous pressure is:
p=K (1+Ccos(a.—1))/B (12)
- Average pressure is:
2z
Pa = de(oc -0)= VPminPmax =
0
—p [1-C
—Pmaxy[7, ~
1+C (13)
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Where:

Pmax :K(l -C)/B (15)
l

pzpa(l—Cz)A/[H—C(oc—e)] (16)

3.1.3. Energy Analysis

The expansion heat Qg>0 and compression heat
Qc<0 are considered to be isothermal and they are
equal to the work [11].

- At the expansion space:

2n
Qg =Wg = IPdVE =
0

1
=7p, VECsin e/[1+ (1—(:2)/2}

A7)
- At the compression space:
21
Qc=Wc=—Ich=
0
’ 1
=np,kVcCsin(6-¢)/[ 1+ (1—c 2
(18)
- Exchange heat ratio:
Qc/Qg=-1 (19)
- Overall work of the cycle:
3.1.4. Efficiency Of Stirling Cycle
- Stirling engine cycle efficiency is [11]:
A% T
n=_T=1_T=1__C=nmax
Qg Tg (©2))

3.1.5. Mass Of The Agent

The mass of the agent in Stirling engine is
obtained from relation (1), (2) and (16) [11].
- Instantaneous mass in expansion space:
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1/2
(1+cosoc)(1—C2)

1+ Ccos(o.—61)

_1paVEM
2 RTg

(22)

- Instantaneous mass in compression space:

1
_k paVem (1+cos(o— (P))(l -c? )/2
2 RTc 1+ Ccos(oc - (p)
(23)

mc

- Instantaneous mass in regenerator dead space:

1/2
(<)

RTy 1+C cosla—6 )

(24)

Total mass is the sum of instantaneous mass of
considered volumes. Using relations (22)...(24),
and o = 0, it results:

1
~ 2%
InT=PaTEM (1 C [T+ k(1 +cosp)/2+S]

RTc 1+Ccos
(25)
3.1.6. Dimensionless Heat Parameters
In order to compare mCCHP systems two

dimensionless parameters are considered [11]:

- Overall expansion input heat related to total mass:

—m Qg _
QE_mTRTC

_ 7 Csin 8(1 + Ccos6)
(l—C)%{H—(l—CZ)}é][‘c+k(1+cos(p)/2+S]

(26)

- Overall expansion input heat related to maximum
pressure of the cycle:
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QE = =
Pmax VTM

_ nCsine(l—Cz)%
(1+C)2{1+(1—C2)y2](1+k)

- Dimensionless overall work:

27)

WT =(1_T)QE (28)

The overall work of the cycle Wt depends of some
parameters: 1, k, X and . [11].

Usually, the following values are considered:
Tc=300K, Tg =300-1700K, X=0-2

k=0.80 ¢=100°

4. A CASE STUDY

The development of sustainable energy systems
for the future is the combined production of
electricity heating and cooling in small units that
are directly embedded in the buildings where the
heat, cold and electricity are to be used.
Implementation in the experimental building on
the University “Dundrea de Jos” of Galati campus
of a mCCHP experimental system, using
renewable energy available in the South-Eastern
region of Romania and meet the specific climatic
conditions, has the purpose to validate the
theoretical developments and to provide the basis
for the generalization of results for the entire
region. Therefore, after a brief overview of the
South Eastern region of Romania
o Climatic conditions of the region, and
. Energy resources, especially renewable ones,
available in the region
were identified and analyzed.

The climatic parameters that influence the

construction of a building are temperature,
humidity, wind speed and sunshine.
From the analysis of statistical data about these
parameters the climatic conditions for space
heating and the specific heat needed were
determined.

From the analysis of urban and rural conditions
for space heating and the potential of renewable
energy in the South-Eastern region it was
identified the type of renewable energy that can be
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used to achieve a mCCHP system, namely biomass
pellets and solar panels.

The simplified model of the residence meets the
current standards for a living area and space
volume needed for a 4-member family while
keeping the particulars of the South East region of
Romania.

For a good choice of the system to be
implemented by the project, it is necessary to know
the structures, used worldwide for the energy -
heat-cold production systems. Implementation of
optimal solution — particular climate conditions
and construction and functional particulars of
buildings in the South East of Romania — calls for
a comprehensive comparative analysis of the
multitude of existing solutions to achieve these
systems. Precisely because of this variety, it was
necessary to organize the structural-functional
analysis, according to different criteria:

- according to the type of primary mover;

- according to how refrigeration cycle is carried out;
- according to the type of the electric generator
employed.

At the basis of this project lies the integration of
Stirling engine (fueled with wood- pellets) with an
electric generator and their interfacing with an
electronic module that has a programmed logical
(IT) for monitoring, protection and control
(MPCS).

In this case, we choose the Stirling engine
(figure 5) from Sunmachine (Germany) with
characteristics:

- Stirling engine 2 single acting - pistons in V type
arrangements

- Wood pellets as fuel

- Electrical output capacity: 1.5 — 3 [kW]

- Thermal output capacity: 4.5 — 10 [kW]

- Cost of unit: 23000 €

- Specific cost of unit (€/kWe): 7670

Fig. 5. Stirling engine
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Wood pellets to fuel the Stirling engine have the
characteristics:

- diameter: 6 mm

- length: 4 - 15 mm

- density: 1300 kg/m3

- humidity: 3.6 %

- ash content: 0.8 %

- calorific power: 18200 kJ/kg.

5. CONCLUSION

1. The evaluation of various micro-CCHP systems,
regarding the prime mover technology for
producing electricity and heat for residential use,
indicated that the micro-CCHP units with Stirling
engines are more appropriate for the micro-CCHP
having the best value for overall system efficiency.
2. A market study focused on producers and
conversion techniques with a high development
status pointed out that in the case of the micro-
CCHP units with Stirling engines, there can be
generated savings of 10% of the energy costs using
it in existing one-family-houses.

The major disadvantage of the Stirling engines is
the high cost of the equipment.
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SIMULATION OF A PASSENGER CAR PERFORMANCE

AND EMISSIONS USING THE AVL-CRUISE
SOFTWARE
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Abstract: Lucrarea prezintd un studiu teoretic al emisiilor de gaze poluante pentru autoturisme. Au fost cercetate
mai multe conditii de exploatare, utilizand software-ul de simulare AVL-CRUISE, cu studiu de caz aplicat pentru
un autoturism echipat cu motor cu aprindere prin scanteie. Programul de simulare poate fi utilizat pentru analiza
parametrilor de functionare pentru intregul autovehicul, atit motorul, transmisia, cat si sistemul de tratare a
gazelor de evacuare, in toate fazele de proiectare. Astfel se obtine o reducere semnificativa a timpului alocat
cercetdrilor experimentale, ceea ce duce la o scadere a costurilor asociate dezvoltdrii prototipurilor si o
identificare rapida a punctelor critice unde se pot obtine imbunatatiri semnificative in privinta performantelor.
Cuvinte cheie: Programul AVL-CRUISE, emisii poluante, autoturisme, motor, transmisie.

Abstract: This paper presents a theoretical study of emissions variation for passenger cars. Various situations
were investigated by simulation using the AVL-CRUISE software applied for vehicles powered by spark ignition
engines. The software can be used to analyze operational parameters for the entire vehicle, including the power
unit, transmission and after-treatment system, throughout all the development phases. This greatly reduces the
need for experimental trials and results in decreased development costs, with speedy identification of critical
points where significant improvements can be achieved.

Keywords: AVL-CRUISE software, emissions, passenger cars, power unit, transmission.

1. INTRODUCTION

In the search for improved fuel economy and
low emissions, several technological advances
need to be evaluated, with respect to their potential
of fulfilling these requirements. One way of
studying this potential of improving vehicle
operation is to simulate different working
conditions using the AVL-CRUISE software.
When considering the four AVL products specially
designed for simulation purposes, Boost is the first
choice for internal combustion (IC) engine
thermodynamic cycle simulation, heat transfer and
chemistry in exhaust gas after treatment systems
and acoustic layout definition. AVL EXCITE is
the leader in simulating dynamics, strength,
vibration and acoustics of IC engines,
transmissions, power units and drivelines under
real operating conditions. AVL FIRE is powerful
multi-purpose fluid dynamics software with a
particular focus on fluid flow applications related
to internal combustion engines and power trains,
while CRUISE is the prime tool for finding the
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right balance between fuel economy, emissions,
performance and drive quality for conventional
and alternative vehicle concepts [1]. Several
studies have been undertaken to predict fuel
economy and carbon dioxide emissions [2], or to
optimize these parameters [3], as well as
developing new strategies for alternative power
train architectures [4]. Other studies even used
these different modules to better predict
performance and emissions during transient
operation [5]. Such a study is developed in this
paper, with the aim of evaluating emissions from a
spark ignition (SI) engine powered passenger car.
The results obtained using the AVL-CRUISE
software were used to analyze experimental results
obtained by performing measurements within the
time interval between two periodical inspections.

2. THEORETICAL CONSIDERATIONS
SI engines exhaust gases are mainly constituted

of nitrogen (N,), carbon dioxide (CO,) and water
(H,O). As these engines are rarely operated in the
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lean range (of course, with direct injection SI
engines this is no longer the case), very little
oxygen (O,) is found in the exhaust, as compared
to compression ignition (CI) engines. The three
regulated pollutant species, carbon monoxide
(CO), unburned hydrocarbons (HC) and nitrogen
oxides (NOy), generally make up only around 1-
2% of the total exhaust gas stream [6]. This
proportion largely depends on the air-fuel ratio [7].
Other components such as particulate emissions
are also present, but in much lower concentration
compared to CI engines, where this requires a
particulate filter to be fitted to the exhaust system,
in order to fulfill pollution standards. One major
drawback of SI engines is that they produce
maximum power at slightly rich air-fuel mixtures,
resulting in high CO and HC emissions. Another
inconvenience is that maximum fuel conversion
efficiency is obtained with slightly lean mixtures
that lead to high NOy production rates. A three
way catalytic converter can be used to reduce al
three regulated pollutant species (figure 1).
However this technology requires that the engine is
operated very close to a stoichiometric air-fuel
ratio. Given the conditions of SI engines operation,
several improvements can be identified by
performing simulations. The AVL-CRUISE
software is capable of simulating the operation of
passenger cars in different conditions. In this way,
critical points where significant improvements can
be achieved are identified without the need for
actual experimental trials, or a much smaller
number of measurements performed just to
validate the results obtained in a very short time by
using the simulation software.

o RaHC NOy
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2 NOy
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% 7 ~ catalytic
~ converter

% ~ ~/
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\

9 3
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0,9 0,95 1 1,05 1,1

Relative air-fuel ratio

Fig. 1. Emissions concentrations for spark ignition engines
exhaust [6].

3. OPERATIONAL PARAMETERS

Several parameters are needed for simulating the
operation of SI engine powered passenger cars.
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These parameters were introduced within the
software’s block diagram, using the user interface
(figure 2):

- vehicle geometrical parameters (L, 1, h, Mpr,
Amp),

- power train parameters (displacement, torque,
power, gear box, differential etc).

Other input data such as engine speed, torque, fuel
properties, working temperature and so on, was
also required.

The passenger car considered for simulation was a
928 GTS type Porsche, with the following
specifications:

- displacement, cylinders, valve train: 5,4 liters,
V8, Twin cam,

- engine code: M 28.50,

- rated power: 257 kW @ 5700 rev/min,

- displacement: 5,400 liters,

- transmission: CVA 4,

- vehicle mass: 1620 kg.

Fig. 2. Input parameters block diagram and simulation
algorithm

4. RESULTS AND DISCUSSIONS

Full Load Reduction

Full Load Reduction Characteristic

[ (% T o] Xam
OIEEEEEET ok o e e Ty

Fig. 3. Calculated torque during full load operation.
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The software calculates full load engine torque
based on the input data (figure 3). Maximum
engine power is the main value used for
calculating full load torque. After the full load

characteristic is available, several other parameters
such as air-fuel intake can be calculated and
plotted (figure 4). These values can be plotted in
isometric

three dimensional or charts.

CHen & YO8 ¢ SE 5> B

FWndow.

) S

BT AL

Volume Flow <I/h>

Fig. 4.. Air-fuel intake plotted in 3D (left) and isometric (right) charts.

To completely describe the power train, other data
referring to transmission gear ratios, differential
ratio and so on was needed. Based on this
information the software calculated the torque
transmitted by the clutch (figure 5). With all
parameters properly defined, simulating the
vehicle operation was possible, along with
calculating HC and NOy emissions. These values
were compared to measurements performed
according to the specifications of periodical
technical inspections procedure. Volumetric
concentrations of CO, HC and O, in dry exhaust
gases are routinely performed to evaluate the
effectiveness of pollution control devices fitted to

B @ osoam

SI engines powered passenger cars. These
concentrations need to be below certain thresholds
at idle and accelerated idle, with the engine
warmed-up. Nitrogen oxides emissions are not
required to be measured, but all standard emissions
testing equipment can be provided with this
optional component. Calculated values for HC and
NOy emissions were compared to the ones
measured during engine operation as described
above, and were found to be in good accordance
with the experimental data. As a result, the results
provided by the AVL-CRUISE software can be
successfully used to simulate SI engines emissions
for different vehicle operational parameters.

[ Torque Characteristic
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Fig. 5. Transmission characteristic (left) and calculated torque transmitted by the clutch (right).
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Fig. 6. Calculated HC (left) and NOy (right) emissions.

5. CONCLUSIONS

Simulation software can significantly reduce
the time required for developing new technologies
and control strategies in the automotive field.
Therefore, the possibility of simulating vehicle
operation using the AVL-CRUISE software was
investigated. As the results obtained by running the
software were found to be in good agreement with
experimental data, the simulation program can be
effectively used to develop new automotive
technology.
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OPERATION OF A 330 MW STEAM TURBINE
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Abstract: Lucrarea prezinta influenta reducerii numarului de tevi asupra functiondrii condensatorului turbinei cu abur
de 330 MW. Fenomenul depunerilor pe suprafetele de schimb de caldura constituie una din problemele majore cu care
se confruntd centralele electrice si termice. Aceste depuneri devin un factor economic important care influenteaza
investitia, costul exploatarii si costul operatiilor de curatire a utilajelor. Depunerile din interiorul tevilor influenteaza
negativ functionarea condensatorului si a turbinei cu abur ceea ce duce implicit la un randament mai scdzut al grupului
energetic de 330MW. S-a realizat un program de calcul numit "Calculul Performantelor Condensatorului de Abur",
CPCA cu ajutorul céruia s-a reusit studierea variatiei mai multor parametrii de functionare ai condensatorului.
Cuvinte cheie: schimbatoare de cdldura, condensator, numar de tevi.

Abstract: The paper presents the influence of reduced number of pipes on the operational characteristics of a 330
MW steam turbine condenser. Build-up on the internal surface of pipes is a phenomena that hinders the performance
of thermal and electrical power plants. This build-up of material can be an important economical factor that influences
investment, operational and equipment cleaning costs. Condenser and steam turbine operation is also influenced by
such build-up, resulting in decreased efficiency. In order to study the operational parameters of such a condenser, a
software was developed, designated as CPCA (steam turbine condenser performance calculator, original title in
Romanian Calculul Performantelor Condensatorului de Abur).

Keywords: heat exchanger, condenser, number of pipes.

1. INTRODUCTION - condenser body,
- tubular tubes,
The condenser features a one passing - cooling water outlet space,
arrangement on the water side, with the pipes - cooling water inlet,
displaced horizontally (figure 1). - heat exchanger pipes,

- condensed water reservoir,

- pipes stack.

Steam exits the low pressure side of the turbine
and enters the condenser through the inlet and is then
condensed on the outer surface of the pipes stack
containing pipes manufactured from CuZn28Sn1 [1].

Cooling water is circulated through the inside of
the tubular stack, crossing the inlet chambers and
exiting through two parallelipipedic shaped
chambers divided by a vertical wall (figure 2).

The steam condenser can operate with only one
Fig. 1. Tubular stack of heat exchanger pipes. of the two cooling water outlet chambers, thus
allowing cleaning operations to be carried out. This
mode of operation needs to be short, as the steam
turbine has to be operated at light load.

The main components of the condenser are the
following:
- steam inlet,

TERMOTEHNICA 1/2011
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Fig. 2. Cooling water inlet chambers.

The back wall of the chamber is made from a
tubular plate into which the pipes are fixed (figure
3).

Special machinery is used for fixing the pipes
into the wall, equipment that has special jaws that
when applying a certain precisely determined force,
induce a plastic deformation of the pipes.

Fig. 3. Back wall tubular plate and heat exchanger pipes
arrangement.

2. BUILD-UP INFLUENCE ON CONDENSER
OPERATION

In electrical and thermal power pants, water is
used as a raw material for producing steam, as well
as cooling agent or for district heating.

Several water quality prescriptions need to be
fulfilled so that build-up on the inner side of the
pipes is avoided and optimum heat exchange
performance is ensured (figure 4) [2,3].
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Fig. 4. Build-up of material inside condenser pipes.

A good heat exchange fluid needs to fulfill the
following requirements [2,3]:

- high thermal conductivity,

- increased specific mass and high specific heat,

- low dynamic viscosity,

- thermal stability and low chemical reactivity,

- low solid content to avoid build-up,

- low toxicity and non-explosive,

- it must not contain floating material,

- it must not contain suspensions,

- low corrosion level,

- with no algae or other microorganisms,

- low mineral content to avoid calcareous build-
up,

- it must not contain oils in suspension.

These properties ensure high heat transfer rate
low energy requirements for pumping cooling water
at low flow rates. Also, thermal resistance can be
lowered by a careful choice of conductive materials
and lower gages.

Raw water obtained from surface waters (rivers,
lakes) or underwater reservoirs (wells) contains
mineral particulates in suspension (silica, clay, silt,
sulfur compounds, hydroxides) or organic matter
(oils, fats, microorganisms, vegetal remains, phenols,
sugars, different acids).

The presence of these substances makes raw
water unusable for steam generation or cooling due
the low thermal conductivity of this matter causing
build-up in pipes.

The effect of inner build-up is that heat is not
efficiently transferred due to:

- lower heat transfer rates,

- increased hydraulic resistance,

- local overheating,

- corrosion beneath the build-up,

- steam contamination.
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Therefore, build-up inside the pipes has a
negative impact on equipment performance, service
intervals, pumping requirements, and can cause
failures, even accidents by machinery damage.

3. PIPES NUMBER INFLUENCE ON THE
CONDENSING PRESSURE AND
TEMPERATURE, AND HEAT FLUX WITHIN
THE CONDENSER

The 330 MW steam turbine condenser features
the following constructive specifications [1]:

* pipes number: - ® 18x1 25180 pcs
- O 18x1,2 1320 pcs
Total 26500 pcs
* material
CuZn28Sn1
* heat exchange surface 15605m*
* pipes length 10494mm

* condenser with water chambers length
14130mm

* condenser width 9792mm
* condenser height 9940 mm
* unloaded condenser mass 317840 Kg
* cooling water flow 36400 m*/h
Technical performance for steam turbine

condensers is achieved by monitoring the following
parameters that can vary within wider or narrower
limits:

- condensing pressure (vacuum);

- condensing temperature;

- condensate temperature;

- cooling water temperature at inlet and outlet;

- water temperature drop across the condenser;

- condensate temperature drop across
condenser.

A software (CPCA) was developed in the Visual
Fortran 6.0 programming environment for studying
the operational parameters of the condenser
[5,6,7,8].

With the help of this software, it was possible to
study the influence of several parameters [4]:

- variations of temperature and pressure for
different number of pipes and several cooling water
temperature values t., p.=f(N), (figure 6, 7).

- variations in the heat flux for different number
of pipes and various cooling water temperatures
Q=f(N), (figure 8).

The number of pipes can reduce in time as a
result of build-up or clogging with different foreign

the

TERMOTEHNICA 1/2011

objects (grabble from the water inlet, woodchips,
plastic bags or silt deposits) coming from the raw
water used for cooling steam condensers (figure 5).

CU DOPURE,

! -
Aok

Fig. 6. Clogged pipes

Figures 6 and 7 show the variation of condensing
temperature and pressure at different inlet cooling
water temperature values, within a 7-35°C range [4].
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Fig. 7. Condensing temperature for different number of
pipes and several cooling water temperature values.

The results obtained by running the software
showed an increase of 40,82% in condensing
temperature, in the range 24,5-41,4 °C, for a cooling
water temperature value of 7°C, when the number of
pipes is reduced from 26500 to 13250 (figure 6) [4].

An increase of cooling water temperature from
7°C to 35°C, together with reducing the number of
pipes from 26500 to 13250, resulted in an increase of
condensing temperature [4].

Condensing pressure raised by 55,84%, in the
range of 0,034-0,077 bar, when the number of pipes
was reduced from 26500 to 13250 at a water cooling
temperature of 7 °c (figure 7) [4].
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Fig. 8. Condensing pressure variation for different numbers of
pipes and various cooling water temperature values.

A drop of 1,6%, from 360,3MW to 354,4AMW, of
the overall condenser heat flux was observed when
the number of pipes was reduced from 26500 to
13250, for a value of 7°C cooling water temperature

[4].
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Fig. 9. Heat flux variation for different numbers of pipes and
various cooling water temperature values.

The three diagrams shown in figures 6, 7, and 8
were plotted to simulate the build-up of material on
the inner surface of the condenser’s pipes, taking
into consideration the thermal resistance of that
material, at a values of R,=0,00024 m*K/W and for a
water flow rating of 100% of its maximum value.

5. CONCLUSIONS

Reducing the number of pipes, combined with
increasing the cooling water temperature results in
several problems of the condenser’s operation, such
as [9]:

1. A drop in vacuum and an increase of
condensing temperature: due to low flow of cooling
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water as a direct result of build-up inside the pipes,
or due to air leaking into the system as a result of
poor sealing, or as a result of faulty vacuum pumps
operation.

This problem can be remedied by cleaning the
heat exchange surfaces, proper sealing of the
condenser’s flanges and vacuum system, as well as
good maintenance of the vacuum pumps;

2. An increase of the difference between the
saturation temperature and outlet cooling water
temperature: this situation is caused by dirt deposits
on the heat exchange surface, leading to material
build-up in time. The fix is achieved by cleaning the
heat exchange surface, either by treating the process
water, or by removing the dirt through continuous
mechanical cleaning [9].

During the operation of the condensers, the main
way to avoid material build-up is by treating the
water used, and when build-up is inevitable, or water
treatment is very expensive, continuous cleaning
systems can be implemented.

3. An increase of the difference between the inlet
and outlet temperature values for the cooling water is
caused by a drop in water flow, as a result of faulty
operation of the circulation pumps or an increased
hydraulic resistance on the condenser’s water circuit,
e.g. build-up within the pipes.

This situation can be remedied by cleaning the
pipes. Operational requirements state that the
maximum number of clogged pipes is 100 of the
26500 total number of pipes; a situation resulting in
a higher number necessitates the replacement of
pipes [9].

The problems produced by deposits inside the
pipes and eventual clogging, are comprehensible in a
wide range. However, most of these situations can be
remedied by cleaning the inside of the pipes. It is
therefore necessary to clean the heat exchange
surface whenever this is possible.
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ADVANTAGES OF DRY DESULPHURISATION
METHOD IN BLACK COAL COMBUSTION
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Rezumat. In lucrare se prezintd metoda de desulfurare uscatd.Sunt evidentiate avantajele metodei la reducerea
rezistentei termice si ca urmare cresterea eficientei energetice.
Cuvinte cheie: poluare, desulfurare, rezistenta termica, eficienta.

Abstract. The paper presents the dry desulphurisation method. Advantages of the method are highlighted in
reducing thermal resistance and thus increasing energy efficiency.

Keywords: pollution, desulphurisation, thermal resistance, efficiency.

1. INTRODUCTION

The majority of big power plants use to produce
thermal energy coal. No matter its provenience, it
always contains a certain quantity of sulfur
between 0,5 — 3%.

By burning sulfur this one is transformed in
SO, and in certain conditions in SOs.

The transformation of SO, in SOj; is strongly
influenced by CaO from the burning gases which
play a catalyst role.

The effects of SO, on the fauna and flora are
known and measures are taken in order to reduce
them. After burning sulfur, SO, goes into all the
surfaces of heat exchange. It can enter in reaction
with water and it can form H,SO, which corrodes
the pipes or it can combine with other substances
forming compact sulfate deposits on pipes that
reduce, increase the thermal resistance when heat
passes. As a result the energetic efficiency drops.

The  majority of the methods of
desulphurization intend to reduce the sulfur oxides
from the steam generator without having an
interest on what happens inside the generator.

This present paper wishes to analyze the
possibility of desulphurization in its burning phase
so it reduces the sulfur oxides from the burning
gases and at the same time to reduce the deposits
from the pipes as well as the corrosion made by
H,SO,.

2. THE INFLUENCE OF SULFUR OXIDES
IN THE FORMATION OF DEPOSITS ON
THE PIPES
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The ash that results from burning coal is made
up of oxides from different substances form the
fuel. These oxides behave differently in the
furnace and on the exchange heat surfaces.

In this way while some of them melt easy
(Na,0,K,0) , others melt very hard at high
temperatures (Si0,,Fe,05,A41,0;) . Some of
them evaporate easy , others (Cal, Mg0} do not
evaporate.

While burning in spray condition of the coal,
80-90% from the ash goes in the current of burning
gases. The oxides of different substances do not
totally lodge on the pipes but they lodge
selectively.

There are two types of deposits on the pipes:
friable (sprayed) and bounded (compacted) . The
sprayed deposits can easily be removed by blow
while the compact deposits can not be removed
and grow continuously. Sometimes these deposits
crowd in very big formations (bears) and at a
certain point the force of gravity is bigger then the
force of clamping and they fell in the furnace
outbreak damaging the pipes. Sometimes
explosions occur by quick evaporation of the water
from the system of hydraulic evacuation of the
slag, and the ash from the furnace ( frequent cases
at CTE Paroseni and CTE Mintia).

In figure 1 there are presented compact deposits
on the pipes of the super heater S3 from CTE
Turceni which was installed on the furnace.
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Fig. 1. Compact deposits on the pipes:1- powdery deposits ; 2- slagging

The deposits formed on the pipes introduce an
additional thermal resistance when heat passes.

Thermal resistance of the deposits is
calcullated by the relation:

1
R = ; - k_n (1)

Where k, is the global ( total) factor of
heat exchange for clean fascicules , k is the (total)
global factor of heat exchange for depuration
fascicules.

In order to compensate the resistance when
heat passes as a result of the deposits , the surface
of the heat exchange is sometimes oversized with
50%. On surfaces as the super heater S3 presented
in fig.1 from the boiler of 1035 t/h of 1827 m’,
the oversize with 50% is to much. The formation
process of ( tied) bound deposits on the pipes is
very complex and it depends on a multitude of
factors ( the chemical composition of the ash , the
existence of melted particles , humidity , the
synthesizing of particles , the combination reaction

etc.).
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The formation of tied deposits is mainly
due to the presence in the burning gases of SO;
and CaO.

The main binder of tied deposits CaSOy is
formed by combining CaO from the ash with 50z
and 0= from the burning gases after the reaction:
2Ca0+2 50,40, = 2Cas0, (2

It is possible that the formation of Ca 50,
will produce due to selective deposit and oxidation
according to this reaction:
CaS + 20,5 Ca 50, 3)

The alkali metal sulfates (K,SO,) on
temperatures of 850-900°C form a bound mass of
sulfate deposits combined when burning coal and
brown coal.

In figure 2 it is presented the formation of
Ca50, in relation to the content of SO, from the
burning gases and depending on time.

a CaO + 5% SO,, for two hours
b CaO + 5% SO, +10% steam,
for two hours

¢ ash + 5% SO, , for two hours
d CaO + 5% SO, , for four hours
e CaO + 5% SO, , for four hours

Fig. 2 . The formation of CaSO4 depending on the concentration of SO,

The increase of the quantity of SO,
from 0,5% (E curve) to 5% (A curve) leads to
the increase of the quantity of formed CaSQOs.
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The calcium oxide CaO contributes to
the formation of bound deposits but does not
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have a main role. This happens because it is
(8,15% ) as well as in the friable ones (5,60%).
The content of SO, was of 10,51% in bound

found in the same proportion in bound deposits

deposits and 5,93% in friable deposits in the
case of coal from Rovinari.

Table 1
Component name Powdery deposits % Slagging %
CTE ROVINARI CTE TURCENI

Calcination 7,92 2,35 1,15
Si0, 48,60 21,25 12,18
Al,O; 16,71 5,04 5,26
Fe,0; 6,46 46,76 63,98
CaO 5,60 8,15 3,18
MgO 5,60 3,80 0,53
SO, 5,93 10,51 8,04
Alkali 1,59 0,42 0,34

In conclusion the SO, reduction in the furnace
leads to the reduction on formed deposits and
the reduction of thermal resistance.

In order to limit the sulfate oxides in the
burning gases , a dry sorbent ( fig.3) is
introduced in the furnace. This can be sprayed

calcium carbonate CaCO; and dolomite
3. THE RETENTION OF SULFATE CaC0O;.MgCO:;.
OXIDES IN THE FURNACE
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Fig. 3. The retention method of sulfate in the furnace

In the furnace the emitted heat by burning
fuel makes CaCO; to pass in CaO.

The surface of CaO particles react with SO,
in the gas flux and formats the calcium sulfite
CaCO; and calcium sulfate CaSO, The
products of this reaction are afterwards retained
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together with the flying ash from the filtration
system.

The majority of the carbonates are retained in
the coal and ash that is evacuated from the
furnace.

Chemical reactions that take place are the
following:



CaCO;+heat—CaO+CO, 4)
or
Ca(OH),+heat—CaO+H,0 (&)

The formed CaO is combined after the
reaction :

1

CaO+ 502 +2 02 — Ca 50, +heat (6)

The interval of critic heat for the chalk
reaction by injecting the sorbent in the furnace
is of 980-1230 °C. The CaO that results must
stay in the furnace for at least 0,5 s in order to
react at the critical temperature with SO,.

Ca(OH), has two reaction intervals 980-1230
°C and the second around 540 °C.

The thermo chemical CaSO, is not stable at
higher temperatures then 1260 °C. It is possible
that at low temperatures a semiconductor layer
of CaSOQ, is formed on the surface of CaO
reactive and the efficiency of the
desulphurization drops.

The efficiency of SO, retention in the furnace
is of 50% when the molar report of the sorbent (
Ca/S) is of 4-5. The yield of retention can
increase with 10% if water is sprayed in the
burning gases before they enter in the electro
filters of the burning gases. The ash with CaO
addition , collected from the electro filters can
be re-injected in furnace many times. By this
method the yield of SO, retention increases to
70-80%. Working at the molar ratio of 2,0 Ca/S
with 10% content of recycled ash almost triples
the quantity of ash retained in the electro filters.
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The investment in the case of injecting the
sorbent directly in the furnace is of almost 25%
compared to the wet system. The chalk cost is
considered to be half of the operation cost of the
process, taking in consideration that it can be
found in large quantities in Romania and it is
very cheap.

Another big advantage of this process is that
it does not need additional operating staff.

4. CONCLUSIONS

On burning solid fuels on heat exchangers,
compact sulfate deposits are formed and they
reduce the transfer of heat with 50%. The
majority of desulphurization installations
function after the burning gases has crossed the
boiler and the deposits are already formed. By
injecting sorbent in the furnace S0, is retained in
combination of ash sulfate and the transfer of
heat improves , as a result the investment in the
heat exchanger drops.
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ANALYSIS OF THE COGENERATION
IMPLEMENTATION POTENTIAL INTO AN EXISTING
SATURATED STEAM BOILER INDUSTRIAL PLANT

Paula UNGURESAN, Florin BODE, Mugur BALAN, Andrei CECLAN

TECHNICAL UNIVERSITY OF CLUJ-NAPOCA, Romania.

Rezumat. Lucrarea prezintd o analizd tehnico-economicd referitoare la potentialul de implementare a unei
instalatii de cogenerare cu turbin cu abur, utilizand un cazan de abur existent in industria petroliera.in acest sens
s-a avut In vedere utilizarea unei turbine cu abur in condensatie, in doua regimuri posibile de operare: cu si fara
prize de presiune, utilizdnd debitul de abur produs de cazan. in realizarea studiului s-a utilizat programul
Engineering Equation Solver (EES), pentru diferite temperaturi de supraincalzire a aburului (Regim I) si pentru
diferite debite de abur prelevate din turbina (Regim II). Principala concluzie a studiului intreprins este ca nu se
justificd investitia in echipamentele aferente unei instalatii cogenerative cu turbina cu abur, la presiunea de lucru
din cazan de 6 bar deoarece perioada de amortizare a investitiei este mare.

Cuvinte cheie: cogenerare, cazan de abur, turbind cu abur, analizd tehnico-economica.

Abstract. The paper presents a techno-economical analysis concerning the potential implementation of a steam
turbine cogeneration plant into an existing saturated steam boiler plant from the oil industry. It was analyzed the
use of a condensing steam turbine in two possible operating conditions: with and without extractions, using the
production of an existing saturated steam boiler. The study was carried out using the Engineering Equaton Solver
(EES) software, for different superheat conditions (Regime I) and for different steam flow extractions (Regime II).
The plant performances were determined and a comprehensive economic calculation was performed for the two
operating conditions. The main conclusion of the study was that due to the low boiler operating pressure of only 6

bar the investment into cogeneration equipment is not justified, because of the too long payback period.
Keywords: cogeneration, steam boiler, steam turbine, techno-economical analysis.

1. INTRODUCTION

The paper deals with the possibility of
implementing a steam turbine cogeneration plant
into an existing steam boiler in the oil industry.

Cogeneration is the simultaneous production of
heat and power from the same primary energy
source in a single system/unit. The two types of
steam turbines most widely used are the back
pressure and the extraction-condensing one. The
choice between backpressure turbine and
extraction-condensing turbine depends mainly on
the quantities of power and heat, quality of heat,
and economic factors [1,2].

The existing steam boiler, produced by Sieta
Cluj-Napoca, of VAP 3D type, has the following
nominal parameters:

- Thermal load at 100°C: 3942 kW;
- Nominal pressure: 8 bar;

- Nominal steam flow rate : 6t/h;

- Nominal temperature: 175°C;

- Maximum working pressure: 8 bar.
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2. FUNCTIONAL DESCRIPTION OF A
COGENERATION PLANT AND OF
POSSIBLE OPERATION CONDITIONS

The cogeneration potential study has been done
under the conditions determined by the measured
parameters of the boiler steam output: steam
pressure 6 bars and the steam mass flow rate:
1.212 kg/s.

Because the plant comprises two steam boilers
which never work simultaneously, one can support
the whole technological process, while the second
may be used to produce electricity through a
Claussius-Rankine cycle.

The most appropriate technological solution for
the analised plant is the option of cogeneration
with extractions condensing steam turbine. As the
available pressure at the steam turbine inlet is very
low, expansion in the steam turbine above
atmosferic pressure would represent a low
potential for producing mechanical power.

The schematic diagram of a condensing steam
turbine cogeneration plant and thermodynamic



cycle in temperature (T) - entropy (s) diagram is
presented in fig.1, [3,4].
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Fig. 1. The schematic diagram of an extraction steam turbine
cogeneration plant and thermodynamic cycle in T-s diagram

The existing boiler will ensure the steam
evaporation (3'-4) and will produce saturated
steam; the boiler must be equipped with a steam
superheater (4-1) that will use the methane gas as
fuel, in order to realise the superheated steam.

The mechanical energy is developed in a steam
turbine, where the steam expands following a
theoretical adiabatic process (1-2).

The exhausted steam from the turbine is
condensed in a condenser (2-3).

A condensation pump will increase fluid
pressure (3-3"), up to the boiler pressure.

In the current operation, the steam boiler
provides saturated steam to a pressure of 6 bars
and temperature of 160°C. If equipping the boiler
with a superheater, it will produce superheated
steam. To determine performance indicators for the
steam turbine cogeneration plant, the superheated
steam temperature is considered to be in the range
of 160 ... 500°C.

Two possible operating conditions were
considered:
TERMOTEHNICA 1/2011
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Regime I: The entire flow steam expands in the
turbine, to a pressure higher than 0.05 bars (which
corresponds to a saturation temperature of 33°C).
This operating mode corresponds to a maximum
electrical power because the entire available steam
is used to produce work.

Regime II: Most of the steam flow rate (70-90%)
expands in the turbine, producing mechanical work
while a part (10-30%) is being extracted to a
pressure of 1 bar and used for heating purposes.

3. PERFORMANCE ANALYSIS OF THE
THERMODYNAMIC CYCLE FOR THE
STEAM TURBINE COGENERATION
PLANT

3.1. Regime I

In order to perform the analysis on the potential
use of cogeneration, a computer program has been
developed by using the application Engineering
Equation Solver, (EES). The main parameters of
the fluid in the characteristic points in terms of
superheated steam temperature are presented
below.

Table 1
The values of thermal parameters as function of
superheated steam temperature

1 [hd 2 [l ¥4 b [hd [ it | [l F [hd
T1 h h2r | k2t 2 P2 h3 Hprin
[C] | [kka] |[kdkol | [kdkal | [C] | [bar] | [kdikgl | [kJika]

180 2759 | 2B4E | 2641 135 | 3431 578 £EA.1
200 2850 2613 2608 1133 1631 | 4778 4783
250 2967 | 2500 2675 | 9394 08137 | 3335 3941
300 3081 2863 2648 7827 0442 377 3282
350 3165 | 2850 2624 | BS4 02551 | 2738 2743
400 3270 | 2535 | 2604 | 5453 041542 2283 2289
450 3376 | 2522 2487 | 4514 009673 189 1896
500 3483 | 2512 | 2471 | 3594 00B257 | 1547 1553

Analyzing the values of thermodynamic

parameters obtained for the cycle, it turns out that
for high values of superheat temperature (250-500)
°C the pressure at the end of expand process is
lower than barometric pressure, which requires the
use of a condensing steam turbine.

Calculation of the energy transfer in the
processes

The energy transfer can be calculated for each
process, as follows [5]:

¢  The heat flow absorbed by the working

medium in the boiler during the heating process

3'4 -1, (Qeazan) is:

Qcazan = Iha '(hl _h3') [kW] (1)
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. The heat of condensation, (Q
isobar process(2-3), is:

Qcond =11y - (hy —h3) [kW] )

. The power obtained in the turbine (Py),
considering an irreversible process is:
Pr =1y - (hy —hy) [kW] 3)

) during

cond

. The necessary power for fluid compression
(in absolute value) is (Pp) :

Pp =1i1y - (h3 —h3) [kW] @)
Calculation of the fuel consumption and

performance indicators

The required fuel consumption (Vcb ) is:

3
m
_N 5)
MNcazan "di| S

Qcazan

Veb =

where TNcazan 18 the thermal efficiency of boiler
and q; is the fuel lower heating value.

Electrical efficiency (n.) is the ratio of power
produced in the turbine (Pt) and heat developed by

combustion (Q, ):
Pr
=—|- (6)
e =g, -]

Thermal efficiency () is the ratio of useful heat
(Q,) (if heat recovery is possible) and the heat
developed by combustion:

Qq
=—|- @)
Mt Qs [ ]

The total efficiency of the system (1)) is the ratio
of two useful effects: power (Pr) and useful heat
(Qu) and the heat developed by combustion

(Q,):

T]:PT +Qu
Qa
Power to heat ratio (PHR) is an important

indicator used in assessing the performance of
cogeneration plants:

(-] ®)

PHR = LT ] 9)

u
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The values obtained by using the computer
program, for energy transfer, fuel consumption,
electrical efficiency, thermal efficiency, the overall
efficiency of the plant and for power to heat ratio
in terms of superheated steam temperature are
listed in table 2.

Table 2

The values of energy transfer, fuel consumption,
efficiencies and power to heat ratio as function of
superheated steam temperature

@ cahd IS\':f] [kva] Ghemre|| B Ve

[kw] [kw] | [kwl [men/s]
160 13%.7 2518 2141 0.3738 2656 2951 Q.08294
200 280.7 2594 2205 0.5586 2874 31583 Q08857
250 443.7 2663 2263 0653 3106 3451 0059695

T Pr
[cl | [kwl

300 584.4 2716 - 06524 3312 3&80 01034
350 745.7 2759 - Q.7102 3504 3843 01084
400 841 2756 - Q.7186 3686 4046 01157
450 1034 2828 = 0.7226 3862 4291 0.1 206
500 1177 2857 = 0.7244 4033 4481 0.1253

TI e N n PHR

[cl [-] [-] [-] [-1

160 0.04672 0.7254 0.7721 0.06441

200 0.0879 0.6904 0.7783 0.1 273

250 0.1 286 0.655% 0.7844 0.1 861

300 01623 - 0.1623 -

350 01915 - 01915 -

400 0.2175 - 0.2175 -

450 02411 - 0.2411 -

500 0.2626 - 0.2626 -

The electric efficiency values are found

between 0.04 and 0.26; these values are lower than
those commonly found in the literature (0.1-0.2)
for this performance indicator [8].

Considering a 85% recovery of condensation
heat, the resulting thermal efficiency values are
0.65-0.72. For higher values of the superheat
temperature, heat is transferred in the condenser at
low temperature, which is not usable and therefore
represents a lost heat.

The total efficiency of the plant has high values
when heat recovery is possible at the condenser
(0.77-0.78). If the heat recovery is not possible
(because of the condensation temperature), the
only useful effect is the electrical power developed
in the turbine; for these conditions, the total
efficiency has the same values as the electric
efficiency.

The power to heat ratio (PHR) for these
conditions has values between 0.064 and 0.196 .
The literature values obtained for this indicator are
between 0.125-0.33 [8].

3.2. Regime I1

This operating mode is characterized by the fact
that the main steam flow rate that expands in the



turbine represents about 70-90% of the steam flow
rate provided by boiler. A part of the steam flow
rate is extracted from the turbine to a pressure level
of 1 bar. This amount of steam can be used for
heating  purposes. @A  superheated steam
temperature of 500° C was considered, for a
maximum turbine power output.

Thermodynamic  parameters for working
medium at turbine inlet (1) and outlet (2) and for
condenser outlet (3) have the same numerical
values as in the operating conditions described
above.

For the other cycle points, thermodynamic
parameters were determined as following:

= extraction steam pressure was set to 1 bar;

= the enthalpy of extraction steam (hy,) was
determined from internal efficiency of the
turbine:

lpy _hy—hy,

(10)
lp  hy—hy,

MNir =

Graphical representation of theoretical and real-
turbine process is shown in the diagram below.

h &
[kl kgl

s K7 kg.KI
Fig. 2. T-s diagram steam expanding process in turbine

= the heat balance equation was used to
determine the enthalpy of mixture (hy)
after collecting two amounts of condensate
(in the condenser and preheater)

my-hy = (Ma—mp)-hs +mp-hs(11)

®

(me-mp)hs
o &
ma.hgn fhp,h3"

Fig. 3. Schematic representation of the heat balance equation
for the mixture
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The main thermodynamic parameters in the
cycle characteristic points: extraction (2'),
condensate (3"), condensate mixture (2'") and boiler
inlet (3') obtained by using the computer program
developed for extraction flow rates between 10-
30% of the total flow, are listed below.

Table 3

The values of thermodynamic parameters on the
characteristic states of the cycle, function of
extraction flow rate

. har' hat* hz" h3' h3"
mp [klfkgK] [k]fkgK] [kJ/kgK] [kJ/kgK] [k)/kaK]
[kayss]
01212 181 181.8
0.2424 2679 2058 207.2 208.9 417.4
0.3636 233.5 236.5

The theoretical power obtained in the turbine is:

PT = ’ha'(hl _hz'r)-i_(’ha_rh’/’).(hTr _h’2r)[kw]
(12)

and the extraction available heat:

Qpriza = (mp)- (hpy —h3v) [kw] (13)

The values obtained by using the computer
program, for energy transfer, fuel consumption and
efficiencies are given in tabel 3.

Table 4

The values of energy transfer, fuel consumption,
efficiencies and power to heat ratio function of
extraction flow rate

Pt ' Qeond Pr : =
my | |20 | ewn | o | 2| 2 l i“‘; |
lkays] fkw] kwl | Dkwl | [mews
01212 1120 310.5 2571 1.051 4001 4445 01249
0.2424 1060 621 2285 2056 3968 4409 01239
0.3636 1007 431.4 2000 3.693 3935 4372 01229
rﬁp MNe Mt n PHR
[-] -1 [-] -]
[kg/s]
01212 0.252 | 0.06984 | 0.3219 | 3.608
0.2424 0.2413 0.1408 | 0.3821 1.713
0.3636 0.2303 | 0.2131 0.4434 | 1.081

With increasing extraction steam flow, the
turbine power is reduced from 1120 to 1007 kW.
The electric efficiency values of 0.252...0.2303 are
commonly found in the literature for this
performance indicator.

4. ECONOMIC ANALYSIS

In order to implement a cogeneration system,
the following investments should be made: steam
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turbine, generator, condenser, steam superheater, a
circulating pump and a cooling tower.

The speciality literature indicates the following
investment and operating and maintenance costs,
for steam turbine cogeneration plants:

Investement costs

- 800-1000 $/kWe [6];

- 200-1000 $/kWe [7];

- 1500 $/kWe for electric power of 1 MWe [8].

If the investment costs do not involve the purchase
of the steam boiler, the following specific cost is
recomanded: 400-800 $/kWe [8].

Operating and maintenance costs
- 0.004 $/kWhe, [6];

- Up to 0.002 $/kWhe [7];

- Between 2.3 and 1.5 $/MWhe [8]

In accordance with mentioned bibliographical
resources, the most appropriate investment cost is
1,500 $/kWe, that means 1180 €/ kWh.

Regime I

For a maximum turbine power of 1177 kW an
investemnt cost (a first cost) of approximately 1.4
million € results.

The electrical energy that could be produced
annually by the steam turbine cogeneration plant
depends on the turbine power output, Pr, utilisation
factor 7, and on the annual hours ny:

E. =Py 1-np =8248416kWh/y (14)

Annual operating time of cogeneration plant is
taken into account by using an utilisation factor of
0.8.

For a unit cost of electricity (Cepe) of 0.292
RON / kWh, the annual revenue from the sale of
electricity would be (Ceyep):

Cenel =Eel *Cenel =

15
2,408,537.47T RON/y =561,430€/y (1>)

Annual costs related to fuel

To achieve maximum power, the boiler thermal
load is 4033 kW. Unit cost of fuel (cy,) is 0.09142
RON/kWh (according to EON Gaz consumer
category BS).

Annual costs related to fuel consumption; (Cg,)
depends on the thermal load of the boiler, the
annual number of hours and the load factor (c,).

Cep =7T-np -Qy -cop = 2,870,848 RON/ y

(16)
=669,195 €/y
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Annual operating and maintenance costs

The unit costs of operation and maintenance as
mentioned in the references are:

0.002 $/kWh = 0.00157 €/kWh.

Annual operating and maintenance costs
depend on the unit cost, power developed in the
turbine and the annual number of operation hours,
as follows:

Co&M =co&M ' Pr - t-np =12950 €/y (17)

For operating conditions without extraction,
which corresponds to a maximum electrical power,
it came out that accounting for fuel cost and annual
operation and maintenance costs exceed income
from the sale of electricity.

Table 5
Annual revenue
Revenues from sold electricity 561,430 Eur
Total revenue 561,430 Eur
Annual expenditure
Fuel cost 669,195 Eur
Operating and maintenace cost 12,950
Total expances 682,145 Eur

Regime 11

The maximum thermal load of the steam
turbine (931.4 kW) corresponds to a power of 1007
kW.

It is assessed the electricity that could be annual
produced by the steam turbine cogeneration plant:

Ee =Pr-T-n, =7,057.056 kWh/y (18)

For a unit cost of electricity of 0.292 RON/kWh,
the annual revenue from the sale of electricity
would be:

Copel =Euj - Copol =480,340 €/ y (19)

en.el —

Fuel savings obtained by heat produced in
cogeneration

Maximum thermal load available at the steam
turbine extraction is 931.4 kW.

The annual amount of heat that can be produced
in the steam turbine cogeneration plant is:

Et :Qp -T-Np :6,527,251kWh/y (20)

If this heat is separately produced in a boiler,
with an efficiency of 0.9, the related annual costs
would be:

C =Et'cch

=596721,2 RON / y=139,095€/ y
Moo

21






Annual cost related to fuel

To achieve maximum power, the boiler
thermal load is 3935 kW.

The unit costs associated with fuel
consumption depends on the boiler thermal load,
the annual number of hours and the load factor:

Ceb =7-0p - Qcazan “Ccb =

(22)
2,521,041 RON/y =587,655€/y

Annual operating and maintenance costs

Annual operating and maintenance costs are:
Co&M =co&M P -T-np, =11,079 €/an  (23)

For this exploitation conditions, with
extractions, it results that annual income from
the sale of electricity and annually fuel economy
is higher than the annual cost for fuel plus
operation and maintenance costs.

Table 6.
Annual revenue
Revenues from sold electricity 480,340 Eur
Revenues from sold thermal 139,095 Eur
energy
Total revenue 619,435 Eur
Annual expenditure
Fuel cost 587,665 Eur
Operating and maintenace cost 11,079 Eur
Total expances 598,744 Eur
The difference between 20,691 Eur
revenues and expenses
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5. CONCLUSIONS

Thermodynamic and economic analysis of
cogeneration potential use in the studied plant
reveals the following:

- While operating the plant without extraction,
waste heat in the condenser is not usable;
revenues from electricity fuel costs do not cover
annual operating and maintenance costs; this is
mainly due to the fact that the steam pressure is
small. Therefore the investment in equipments
mentioned above is not justified.

- For an extraction operation regime, an annual
rate of return of 20,000 € can be obtained. The
annual income return on investment does not
provide a reasonable pay back period.

REFERENCES

[1] P.Unguresan, Cercetari privind optimizarea centralelor
termice de cogenerare cu motoare cu ardere interna,
prin analiza exergoeconomica a schimbatoarelor de
caldura, Universitatea Tehnica din Cluj-Napoca, (2008)

[2] Horlock, J. H. Cogeneration - Combined Heat and
power, Thermodynamics and Economics, Krieger
Publishing Company, (1997).

[3] Moran, M.J. and Shapiro, H.N., Fundamentals of
Engineering Thermodynamics, 4th ed., John Wiley &
Sons, New York, (2000).

[4] Korobytsin M.A., New and advanced energy
conversion technologies analysis of cogeneration,
combined and integrated cycles, PHD Thesis,
Amsterdam, (1998)

[5] Barelli, L., Bidini, G., Pinchi, E.M., Implementation of
a cogenerative district heating: Optimization of a
simulation model for the thermal power demand,
Energy and Buildings (2006);

[6] ONSITE SYCOM Energy Corporation Review of
combined heat and power technologies

[7]1 C. B. Oland Guide to combined heat and power
systems for boiler owners and operators, (2004)

[8] EDUCOGEN -The Europeen Educational Tool on
Cogeneration-, A Guide to cogeneration, (2001).



CONSIDERATII PRIVIND CORELATIILE DINTRE
PARAMETRII GEOMETRICI SI FUNCTIONALI AI
MOTOARELOR CU ARDERE INTERNA DE LA
BORDUL NAVELOR

Anastase PRUIU, Traian FLOREA

ACADEMIA NAVALA MIRCEA CEL BATRAN, Romania.

Rezumat. in prezenta lucrare sunt prezentate relatiile dintre parametrii geometrici si functionali ai motoareleor cu
ardere interna, rapoartele dintre parametrii geometrici,rapoartele dintre parametrii functionali si se precizeaza

semnificatia acestora.

Cuvinte cheie: puterea motoarelor navale, raport de comprimare,coeficient de sarcind, indicator de sarcina

Abstract. In the present paper are presented the relations between the geometrical and functional parameters of

internal combustion engines |,

parameters and there are

the ratios between the geometrical parameters

, ratios between the functional

Keywords: naval engines power, compression ratio, load factor, load guide.

1. RELATII PENTRU DETERMINAREA
PARAMETRILOR FUNCTIONALI AI
MOTOARELOR CU ARDERE INTERNA

Puterea efectiva a motorului
aD? 2n 1
-S
4 7T 60

Pe:nm'pmi‘

unde:
M,,- randamentul mecanic al motorului

D oi {—2} - presiunea medie indicata;
m

D [m]- diametrul (alezajul) cilindrului;
S [m]- cursa pistonului;
n [rot/min]- turatia motorului;
1- nr. de timpi sau de curse ale pistonului in care se
realizeaza ciclul motor :
T =2 pentru motoare 1n 2 timpi;
T =4 pentru motoare 1n 4 timpi;

2n < . . .
— - numarul de cicluri pe minut;
T

2n, 6_10 - numarul de cicluri pe secunda;
T

2 g . . .
160 - numarul de cicluri pe ora;
T

Puterea efectivad a motorului poate fi determinata
cu relatia:

also presented their significance.
=1, —— kW (2)
© =M 3600 (W]

unde:
7, - randamentul efectiv;

C, { kiCb} - consumul orar de combustibil;

k cpe e e
o} LS puterea calorifica inferioard a
kgcb
combustibilului;
Consumul orar de aer :
kgaer
Co=Cp 0y [ - } 3)

unde:
o- coeficientul de exces de aer;

kgaer . =
m,, |———|- masa teoretici de aer necesara
min

kg cb
arderii complete a 1 kg combustibil;
Rezulta:
C kgaer
Cp=——"2— 4
! - My, min |: h :| ( )
Relatia (2) devine:
P=n,- C 9 [kw]
oy, 3600
sau:



o- maer . k
C. =P min 3000 { gaer} ©6)
Qi ne h
Presiunea medie indicata:
0
Pi =My - M; - ———Ps (7
o-m

aermin
unde:
nv- coeficientul de umplere al cilindrului cu
incarcaturd proaspata (aer);
ni- randamentul indicat;

{kgaer
s

m3

} - densitatea aerului de supraalimentare;

Comprimarea aerului de supraalimentare
se face dupa un proces politropic de exponent
politropic .

Fie (p, ; T,) parametrii mediului ambiant
pentru care se determind densitatea aerului.

P, { kg aer} ®)

Po =

R-T, m’

Do [—} - presiunea aerului mediului ambiant;
m

kg
T, [K] - temperatura aerului mediului ambiant.

R {k—JK} - constanta aerului;

Fie (p, ; Ty) parametrii aerului pe refularea
compresorului. Se determina densitatea:

__D kgaer 9)
Ps=%. T, { m’ }
Deoarece:
1 { m’ }
Vo =—
P, kgaer
1 { m’ }
Vy=—
TP, kgaer
Rezulta:
p, -V =p, v (10) sauPo _ Ps (1)
P Py
Din relatia (11) se obtine:
1
P. =P, (”—) (12)
Po

Tinand cont de relatia (12), relatia (7) devine:

pmi=nv'm'L'Po~(&) ‘ (13)
(x.mll(.’r[nin pﬂ

Introducand relatia (13) 1n relatia (1) se obtine:

(14)

p,\% a* . 2n 1 .
L e et i
p, 4 T 60

Fie constanta cilindrului:
2
7D 2 1
K= §e—-
4
si constanta motorului:

2
k-5 2L

Puterea motorului poate fi scrisd sub forma:

Pe :77]”.77‘/ HIL
a

(15)

(16)

min (17)

1

po '(&]m 'Kcil ln[kW]

o

sau
9,
Po=, 1y 1] =
a‘maer

min

| (18)

o 2] i)
p,
Puterea motorului poate fi calculati cu relatiile:

Pe:nm'pmj‘n'kcil‘i [kW],
PL’ :nm .pmi .n.kMOT [kW] (19)
Se mai poate scrie:
By = Ppe - n-kyor kW] (20)

Pentru motoarele care functioneaza la
turatie constanta, expresia devine:
By = Pime ki [kKW] (21)

in care k,,, este constanta motorului la turatie

constanta:
2
7D 2n 1
kpn=n-k = 85— —- i (22
mn MOT 4 r 60 (22)
Fluxul energetic disponibil, obtinut
prin arderea combustibilului este:
04 =% ow, (23)

3600
expresie in care consumul orar de combustibil
se determina 1n functie de masa de combustibil
injectata pe ciclu m, [kg comb./ciclu]:
C,=m 2" .60.i [@} 04)
T



Rezulta:

Pezne.mc.%ﬁ().i._Qi [kW],
T 3600
P,=n,-m -k, [kW] (25)

unde kr este o constantd functionald pentru

motorul exploatat la turatie constantd,
functiondnd cu un anumit tip de combustibil:
2n . O
ke =22.60-7 —2— 26
F=r 3600 (26)

Din egalitatea relatiilor (21) si (25), se
obtine:
Pme “kpn =Me -me-kp (27)
de unde presiunea medie efectivd poate fi
exprimata sub forma:

k
pme:ne‘mc'_F:ne‘mc'K (28)

kmn
In ultima relatie, constanta K este data
de relatia:

' %-60-1'- 0,
k=K __ 1 3600 __ 9
kn 7D ¢ 2n 1 AD?
4 T 60 4

{ kJ 3} 29)
kg -m

Relatia (28) devine:
; kN || kJ
Pme =T "M % |:_2:|v{_3:| (30)
7D .S m m
4

Luand 1n consideratie expresia randamentului
efectiv, rezulta n continuare:

3600 o m, 3600
me = ¢ 'Q'.m D> :C_'ﬂ'DZ
e 1 M S e MHadiy S
4 4
kN
{—2} (€29)
m

de unde se obtine relatia care permite
determinarea masei de combustibil injectata pe
ciclul motor:

1 aD* S {kg comb.

m(': ‘pme'ce‘

32
3600 4 } (52)

ciclu
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2. PARAMETRII GEOMETRICI AI 5
MOTOARELOR CU ARDERE INTERNA
NAVALE

D(m) reprezinta diametrul sau alezajul cilindrului
motorului;

S(m) reprezinta cursa pistonului intre cele doua
puncte moarte (punct mort superior; punct mort
inferior);

S . .
S=2R,unde R= 5 reprezintd raza cercului
descris de axa fusului maneton;
S . ¢ . g
o Y raportul dintre cursa §i diametru

Pentru motoare navale

y=0,8 +1
y=1<+ 125
y=125+1,8

y= 1,8 +2,2 motoare cu cursa lunga
y=22 +4,6 motoare cu cursd superlunga
L(m) lungimea bielei;

Vs(m®) cilindreea unitara

D2

vi=""s (33)
4

volumul cursei pistonului;
V[(m3) cilindreea totala;

2
Vtzi.vszi.n]z .S (34)
VC(mS) volumul camerei de ardere;

V,(m®) volumul maxim al fluidului motor;
volumul total al cilindrului;

V.=V.+ Vs (35)
Raportul de comprimare ¢ reprezinta raportul
dintre volumul maxim al fluidului motor si
volumul minim al fluidului motor

Vs 36)
V.

€= =1+
C C
Raportul real de comprimare
Cursa utilda S, (m) a pistonului, la un motor in 2
timpi, corespunde deplasarii pistonului intre
muchia superioara a ferestrelor de baleiaj sau a
ferestrelor de evacuare; hgg (m) Tnalfimea de la
muchia superioara a ferestrelor de baleiaj pana la
punctul mort inferior (PMI); hgg (m) indltimea de
la muchia superioara a ferestrelor de evacuare pana
la punctul mort inferior (PMI);
Functie de ferestrele de baleiaj (FB) si de ferestrele
de evacuare (FE) se defineste cursa utila:
Supg =S -hpg ; Supe =S - hgg ;

Coeficientul cursei utile se defineste ca raport intre
cursa utila si cursa pistonului.

Supg

Yrg = corespunzator FB;



Y =——  corespunzator FE;

In unele situatii este recomandat s se tind cont de
cursa pistonului afectatd de FB si FE.

‘I’FB=hTFB Wy = 37)

rezulta:
Ex, =1+ Vm(e—1)=1+(1- W) (e~1) 38
8RFE:1+7FE(€_1):1+(1"PFE)'(8—1) (39)

Raportul dintre semicursd §i lungimea bielei;

A= (40)

o lw
==

A= 0,2 + 0,25 — pentru motoare fara cap de cruce
A= 0,25 + 0,35 — pentru motoare cu cap de cruce

Raporul dintre cursa pistonului si lungimea bielei,

Y= @1

L

3. RAPOARTE INTRE PARAMETRII
FUNCTIONALI

Raportul de puteri (coeficientul de sarcind)
K,=Pexp/Pen 5 Pey, este puterea efectiva de
exploatare si P, puterea efectiva nominala;
K;=0,1-1,1 pentru motoarele de propulsie cu
instalatie de propulsie EPF.

Raportul de turatii

K, =neyp/nn 5 Neyp €ste turatia de exploatare ;

si n, turatia nominala

K, =0,4-1,03 pentru motoarele de propulsie IP-EPF
K, =1,06 pentru declansarea dispozitivului de
protectie la supraturare

Raportul de momente

K =Mexy/ My, ; My, este momentul de exploatere
si M, momentul nominal

Raportul de mase de combustibil injectate
(indicatorul de sarcind)

Kini =Mexy/Mey ; Moy, €Ste masa de combustibil
injectatd in exploatare si m., masa de combustibil
injectata in conditii nominale

m C
cexp _ “exp pmexp (42)

m(’}’l CVI pmen
Puterea motorului la functionarea pe
combustibil greu fata de puterea la functionarea pe

motorind se determina astfel:

P, =P, (@I%} kWl @3)

pMOT Mor

Pe pro — puterea efectivi a motorului la
functionarea pe combustibil greu;

Peyvor - puterea efectiva a motorului la
functionarea pe motorina,

Puro — densitatea combustibilului greu;

Pmor— densitatea motorinei;

Quro — puterea calorificd a combustibilului greu;
Qumor— puterea calorifica a motorinei.

Variatia densitatii cu temperatura

p()
— HFO 44
pHFO 1+ ﬂ . At ( )
4. CONCLUZII:

1. Relatia (18) pentru determinarea puterii
motorului permite analizarea influentei unor factori
cum ar fi:

1.1 Calitatea si regimul de ungere pentru
mecanism motor;

1.2 Calitatea traseului de aer;

1.3 Calitatea proceselor din cilindru motor;

1.4 Regimul de racire a camadsii de cilindru, piston
si chiulasa;

1.5 Calitatea combustibilului;

1.6 Analiza elementara a combustibilului;

1.7 Amestecul aer —combustibil;

1.8 Parametrii mediului ambiant;

1.9 Presiunea aerului de supraalimentare;

1.10 Dimensiunile motorului;

1.11 Turatia motorului ;

2. Raportul S/D si turatia determind viteza
medie a pistonului , motoarele cu cursa peste 2 (m)
si turatie peste 150 (rot/min) au viteza medie a
pistonului peste 10 (m/s), vitezd care corespunde
motoarelor rapide si ultrarapide;

3. Raportul de comprimare peste 13 asigurd o
pornire sigurd la temperaturi scazute ale aerului, de
exemplu pentru motoarele de barcd de salvare sau
motoarele avarie . Pentru motoarele de propulsie si
pentru cele auxiliare, procedurile impun
preincalzirea Tnainte de pornire;

4 Indicatorul de sarcina corespunzator relatiei
(42) permite exploatarea motorului ludnd in seama
masa de combustibil injectata pe ciclu, postul de
comanda fiind prevazut cu un aparat indicator de
sarcind, iar pe carturile de supraveghere sunt
stabilite valorile indicatorului de sarcina;

5.Utilizarea  combustibilului  greu  pentru
motoare in 4 timpi si motoare in 2 timpi este
permisa cu incdlzirea acestuia pana la temperaturi
(110°-160°C)  care asigura o  viscozitate
comparabild cu a motorinei, ceea ce duce si la
reducerea densitatii acestuia conform relatiei (44).
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EVALUAREA POTENTIALULUI DE MURDARIRE SI
DE FORMARE A ZGURII (ZGURIFICAREA)

Andrei STOIAN

COMPLEXUL ENERGETIC TURCENI, Romania.

Rezumat: Murdarirea partii schimbatoarelor de cdldurd din componenta generatoarelor de abur, spélate de gazele
de ardere, se inregistreaza oriunde se recupereaza caldurd din fluxul de gaze arse care contine particule, corozive
sau reactive. Acumularea de depuneri pe suprafetele expuse, nu numai pe suprafetele schimbatoarelor de caldura,
poate crea probleme. Principiile generale ale procesului de depunere implica: transportul particulelor sau
componentelor reactionate chimic pe suprafetele de schimb de caldura, aderenta particulelor (sau aglomerarilor
de particule) la suprafetele de schimb, fie prin procese fizice, fie prin reactii chimice si posibilele exfolieri ale
materialelor constituente ale suprafetelor de schimb de cilduri. In orice proces de evaluare a zgurificarii si
depunerilor, este imperativ necesara efectuarea unei analize a cenusii, din moment ce natura chimica a cenusii va
determina proprietatile sale de depunere.

Cuvinte cheie: schimbatoare de caldura, depuneri, cenusa.

Abstract: Contamination of the heat exchanger part in the composition of these flue gas driven generators is
registered wherever heat is recovered from the flue gas flow which contains corrosive or reactive particles.
Accumulation of depositions on the exposed surfaces, not only on the surfaces of the heat exchangers, may create
problems. The general principles of the deposition process involve: transport of particles or components
chemically reacted on the heat exchanger surfaces, adhesion of particles (or particle agglomerations) at the heat
exchanger surfaces by physical processes or by chemical reactions and possible exfoliations of the constituting
materials of the heat exchangers. In any evaluation process of slagging and depositions it is imperative required

performance of an ash analysis, as the chemical nature of the ash determines its deposition properties

Keywords: heat exchanger, deposits, ash.

1. INTRODUCERE

In orice proces de evaluare a zgurificarii si
depunerilor, este imperativ necesard, efectuarea
unei analize a cenusii, din moment ce natura
chimica a cenusii va determina proprietatile sale de
depunere.

De departe cea mai mare atentie a fost acordata
evaludrii zgurificarii si depunerilor 1n sistemele de
ardere cu carbune. Unul dintre motive este - pe de
o parte — istoric, carbunele a fost folosit Tn scopuri
industriale de peste doua sute de ani si, prin urmare
exista foarte multe cunostinte referitoare la el — iar
pe de altd parte, deoarece carbunele, unul din

combustibili traditionali, prezintd probleme majore.

Pe de altd parte, folosirea combustibililor pe
baza de titei poate duce la aparitia de probleme in
ceea ce priveste depunerile, dar, sunt In general
mai putin pronuntate decat cele ce apar in cazul
folosirii carbunelui.

Pécurile usoare si gazele naturale nu au un grad
ridicat de depunere Tn masura in care conditiile
acestora de ardere sunt mentinute.
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Folosirea deseurilor, in special a celor menajere,
este mai recentd, si, prin urmare, tehnicile de
evaluare nu sunt Inca bine stabilite si sunt, in mare
parte, in curs de dezvoltare.

Mai mult, spre deosebire de arderea
combustibililor minerali conventionali, metodele
de ardere, care vor influenta tendinta aparitiei
depunerilor sunt, de asemenea, 1n curs de
dezvoltare.

Din aceste motive existd mai multe informatii
in ceea ce priveste carbunele decat alti
combustibili.

Deoarece tehnicile disponibile pentru evaluarea
cantitativa a tendintei de zgurificare si de depunere
a diferitelor tipuri de combustibili s-au dezvoltat
de-a lungul anilor, foarte multi termeni intrind in
vocabularul wuzual, de ex. index, factor sau
indicator.

In multe privinte, acesti termeni pot fi priviti ca
incompatibili si fard o bazd logica, dar cu toate
acestea, ei sunt folositi, fiind acceptati si intelesi 1n
limbajul folosit in industria respectiva.



2. STUDII SI TESTE EFECTUATE ASUPRA
FENOMENULUI DE ZGURIFICARE A
CENUSII DE CARBUNE

Doua tipuri de cenusa pot fi luate in considerare:
(1) Cenusa provenitda de la huila / carbune
bituminos are un continut de oxid feric (Fe203)
mai mare decét cel de oxid de calciu (CaO) si oxid
de magneziu (MgO).

(2) Cenusa provenita de la lignit are un continut de
oxid de calciu (CaO) mai mare deciat cel de oxid
feric (Fe203).

Urmatoarele subcapitole prezintd o serie de teste
efectuate si folosite pentru a stabili anumite relatii
ale temperaturilor asociate cu modificarile ce pot
aparea in functie de caracteristicile cenusii.

2.1. Indicatori de temperatura

Au fost stabiliti o serie de indicatori pe baza
efectelor temperaturii asupra cenusii. Scopul
acestor indicatori este de a arata proiectantilor si
operatorilor de echipamente de ardere, date
referitoare la caracteristicile cenusii unui anumit
tip de carbune, in functie de temperaturile

inregistrate in diferite parti ale echipamentului. Fig.

1 prezinta schimbarile ce apar la nivelul formei

piramidei in timpul cresterii nivelului de
temperatura.
‘ /\ [\ 1~ |
1 2 3 4 ]
TID TI TE TF
Fig. 1. Forma piramidei in timpul cresterii nivelului de
temperaturd

Puncte critice de temperatura:

1. Mostra neincalzita

2. Temperatura initiald de deformare , TID
3. Temperatura de Tnmuiere, TI

4. Temperatura emisfericd TE

5. Temperatura de curgere TC

2.2. Temperatura initiala de deformare(TID)

Temperatura la care o forma standard de cenusa
(de exemplu o piramidd), Incepe sa prezinte semne
de deformare in partea superioard in momentul
incalzirii poartd denumirea de temperaturd initiala
de deformare. Nivelul acesteia corespunde
nivelului temperaturii dintr-un focar in functiune
prin care trec particule de cenusd care se racesc
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pana la o anumita temperatura si capatand astfel o
tendinta usoara de lipire, putdnd astfel a se depune
foarte usor pe suprafetele de transfer termic. Cand
particulele de cenusa transportate in fluxul gazelor
de ardere s-au racit, avand nivelul temperaturii sub
nivelul temperaturii initiale de deformare,
depunerile pe tevile racite ale cazanului tind sa se
acumuleze sub forma de produs ,,uscat”.

Consecintele in privinta proiectdrii sunt ca,
temperatura de iesire a gazului din focar (adica
temperatura gazului de ardere ce pardseste
sectiunea radiantd) ar trebui sd fie situatd sub
nivelul temperaturii initiale de deformare cu 50°C
pentru a evita sinterizarea particulelor din fluxul de
gaze si potentiala zgurificare in portiunea
convectiva.

2.3. Temperatura de inmuiere (TT)

Temperatura la care piramida de cenusa s-a
deformat astfel incat indl{imea acesteia sa fie egala
cu latimea, se defineste ca temperaturd de Tnmuiere.
In cazul temperaturii de inmuiere, cenusa are
tendinta sa se lipeascd de suprafetele de transfer
termic.

2.4. Temperatura emisferica (TE)

Pe masurda ce conul este 1ncdlzit, temperatura
depaseste temperatura de inmuiere, iar Inaltimea
acestuia devine egala cu jumatate din latime. Este
indeplinitd conditia de trecere in faza lichida si
picatura capatd o forma emisfericd. La aceastd
temperatura, particulele de cenusa au tendinta sa se
aglomereze si sa se lipeascad de suprafetele de
transfer termic.

2.5. Temperatura de fluidizare(TF)

In cazul in care conul ia forma plati
asemanatoare unei ,,clatite”, se spune ca a atins
temperatura de curgere.La temperatura de curgere,
depozitele de cenusda tind sa se scurga de pe
suprafetele pe care erau depuse anterior.

2.6. Masuratori electrice ale temperaturii
initiale de deformare

O metodd alternativd pentru determinarea
inceputului deformarii se bazeaza pe rezistivitatea
electrica.

Cenusa de carbune in stare solida prezintd un
nivel ridicat de rezistivitate care scade pe masura
ce temperatura creste.
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La temperatura de la care incepe topirea,
conductia ionica reduce semnificativ rezistivitatea
cenusii.

Rezistivitatea  electrica este legatd de
temperatura conform urmatoarei formule:

legR == (1)
Tz
unde R este rezistivitatea cenusii,
K este constanta , si
TR este temperatura absoluta.

Daca T este temperatura absoluta, graficul va
arata o discontinuitate la atingerea temperaturii de
incepere a topirii. Consideram exemplul dat in Fig
2.Valorile masurate sunt intotdeauna mai mici

decét valoarea corespunzatoare TDI cu 100 sau
150 0K .

1300 1200 1100 1000 900°C
I 1 1 1 1 1 1 T 1
75k W -
1005°C. /el
0 \x~© " Reducere
OF - K =
1190°C ¥ Oxidare
6.5F
log R
6.0
551
50 | | | | | | |
55 60 65 700 75 8.0 8.5 a0

1T« 104

Fig. 2. Diagrama rezistivitate — temperatura
2.7. Indicele de zgurificare (I1Z)

O formuld empirica este utilizatd pentru asa
numitul Indice de zgurificare (IZ) si se bazeaza pe
temperatura iniiald de deformare (TID) si
temperatura emisferica TE.

In cazul cenusii rezultate de la lignit indicele
este dat de formula

4(TID+TE
5

2

1Z(in unitati de temperatura) =

Indicele de zgurificare este considerat ca
masurd a tendintei de aparitie a zgurii la un anumit
tip de carbune , agsa cum este aratat in tabelul 1.

A fost confirmat ca folosirea acestui indice
bazat pe valorile de temperatura este satisfacator in
cazul instalatiilor cazanului.
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Tabel 1
Indicatori de zguri si gradul de formare al zgurii
Indicator zgurificare Tendinta de
[K] zgurificare
1505-1615 Medie
1325-1504 Ridicata
<1325 Severd

(sursa: GRAY, RJ.MOORE, G.F. Burning the
sub-bituminous coals of Montana and Wyoming in
large utility boilers.)

2.8. Raportul de siliciu

Predispozitia aparitiei zgurii din carbune
depinde foarte mult de continutul de calciu si fier
al cenusii, nivelul acestora putind fi evaluat prin
folosirea raportului de siliciu , R, definit ca fiind,

RS — Si0;

" Si0, + Fe, 0y +Ca0+Mgo

3)

A fost stabilitd urmatoarea evaluare (tabel 2) a
potentialului de aparitie a zgurii in ceea ce priveste
raportul de siliciu.

Tabel 2
Caracteristici de zgurificare in functie de raportul de

siliciu al cenusii
RS Tendinta de formare a
zgurii
0.5-0.65 Ridicata
0.65-0.72 Medie
0.72-0.80 Nu exista

(sursa: RAASK, E. Mineral impurities in coal
combustion. Hemisphere Publishing Corporation,
Washington, 1985)

Desi, 1n principiu, cu cat este mai micd valoarea
RE3 (peste nivelul 0.5-0.8) cu atdt este mai mare
predispozitia aparitiei zgurii, raportul nu este
considerat a fi o metoda de incredere pentru
evaluarea formarii zgurii.

Urmatorul exemplu arata cum este folosit.
Exemplul 1

Cenusa rezultatd in urma arderii carbunelui
bituminos contine urmatoarele componente :

%
Si02 40,8
Fe203 8,0
CaO 19,9
MgO 5,1
Alti componenti 26,2



100

Valoarea

40.8 40,8
R.=——— " ="7"=0,55 4)
40,8+ 80+199+E1 73.8

Conform evaludrii din tabelul 2 acest carbune
special ar putea avea proprietati foarte ridicate de
formare a zgurii.

2.9. Continutul de oxid feric din cenusa

Oxidul feric (Fe203) din cenusa este un
indicator al predispozitiei de formare a zgurii asa
cum este aratat in tabelul 3 si ilustrat in Exemplul
2.

Tabel 3
Caracteristici de zgurificare in functie de Fe203
continut in cenus:i

Fe203 (%) Tendinta de formare a
zgurii

15-23 Ridicata

8-15 Medie

3-8 Nu este

(sursa: RAASK, E. Mineral impurities in coal
combustion. Hemisphere Publishing Corporation,
Washington, 1985).Exemplul 2

In Exemplul 1 continutul dat este 8%. Din
informatiile prezentate in tabelul 3 aceastda cenusa
ar putea fi clasificatd ca avand potential de
»zgurificare medie”.

Este important de subliniat ca aceasta evaluare
contrasteaza cu cea prezentatd la raportul siliciului
in Exemplul 1 si ilustreazd in mod explicit
problemele 1n incercarea de a clasifica cenusa in
termeni de zgura (si depuneri) doar din punct de
vedere al analizei chimice.

2.10. Raportul baza: acid
Raportul bazd/acid, R, , este definit ca fiind:

Fe, 0, +Cal+Mg0+E 0+Na, 0
Ry = —2 P (4)
i 5i0, + Al, 0, +Ti0,

Unde: compozitia cenusii este normalizatda 100%
cu ajutorul unei baze fara sulfat. Cu cat este mai
mare valoarea R, cu atit va fi mai mare tendinta
de formare a zgurii.

A fost demonstrat ca - in cazul carbunelui - cea
mai micd temperatura de Tnmuiere a cenusii are loc
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cand R, ,, are valoarea de 0.55, desi, in general,
majoritatea carbunilor bituminosi au un raport
R, situat intre 0.2 si 0.4. Continutul ridicat de
oxizi bazici, ca de exemplu, Fe203, CaO si Na20,
duc la cresterea raportului si astfel apare tendinta
cenusii de a se depune.

Valoarea maxima a R, ;, de 0.5 este, cateodata,
cotatd ca fiind acceptatd pentru cazanele ce
functioneaza cu carbune pulverizat. Pe de alta parte,
scaderea raportului R, ,_ sub 0.27 duce de obicei
la aparitia zgurii.

Desi TiO2 este inclus in formuld, iar continutul
acestuia in carbune este relativ constant si la un
nivel scazut, acesta poate fi omis cu usurinta din
raport pentru scopuri comparative.

Modificarea raportului R,,, in functie de
continutul de fier din carbune si actiunea fondanta
a oxidului feric poate fi calculatd prin inmultirea
raportului R, ,, cu continutul total de sulf din
carbune adica :

__ Fey O, +Ca0+MgO+K, 0+Na,0
s 5i0, + Al O, 4Ti0

R x(sulf total) ()

unde intreaga cantitate de sulf este exprimata in %
din greutatea céarbunelui uscat.

Incorporarea nivelului de sulf in formuld
recunoaste importanta FeS2  in procesul de
formare al zgurii. Deoarece continutul de sulf
organic este constant, raportul se modifici in
functie de nivelul piritei. Continutul ridicat de
pirita din carbune este cunoscut in formarea zgurii.
In cazul carbunilor in care pirita reprezinti oxidul
bazic, K, este proportional cu cantitatea de fier.

Raportul R, este larg utilizat ca indicator al
tendintei de zgurificare. Tabelul 4 descrie tendinta
de formare a zgurii, dar datele din tabel nu se
aplica la cenusa carbunelui cu continut ridicat de
calciu si continut scazut de siliciu.

Tabel 4
Tendinta formarii zgurii
Rs Tendinta formarii zgurii
<0.5 Risc scazut de formare a zgurii

Probleme incipiente legate de
zgurificare

Probabilitate semnificativa de
aparitie a problemelor legate de
zgurificare

0.5-0.7

0.7-1.0

Cenusa carbunelui bituminos are urmatorii

componenti :
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Si02 40,8
Al203 19,4
Fe203 8,0
CaO 19,9
MgO 5,1
Na20 0,9
K20 2,1
TiO2 0,9
Alti 29
componenti
100

Greutatea totald a sulfului % din carbune (stare
uscata) este data de formula:

36x1.6

B = (E+19,9+5,1+2,1+D,‘3

= =094 (6)
40.8+19.44+0.9

5

)xia =

]

Probabilitatea este ca pot apdrea probleme
grave din cauza formarii zgurii atunci cand acest
tip de carbune este ars in echipamentele industriale.

Rezultatele acestei evaludri pot fi comparate cu
acele rezultate din evaluarea in care se foloseste
raportul siliciu (RS) a unui carbune care are 1in
compozitie o cenusd asemanatoare.

Modelul constructiv al cazanului influenteaza,
de asemenea, problemele ce pot aparea din cauza
zgurificarii in raport cu indicele de zgurificare,
adica, in cazul unui indice de zgurificare dat R,
un model de cazan poate fi mai predispus la
formarea zgurii decat un altul. Distinctia dintre
riscul scazut de formare a zgurii si riscul ridicat de
formare se face asa cum este descris in tabelul 4
intre intervalul R, = 0,5- 0.7.

O importantd deosebitd o are volumul focarului
raportat la puterea evacuatd. Dacd volumul
focarului este relativ mare raportat la o putere
evacuatd data, o valoare mai mare a H, poate fi
admisd comparativ cu un focar ce are un volum
mai mic §i aceeasi putere evacuata.

Calciul este un agent fondant puternic, astfel ca
in cazul carbunilor ce au o concentratie relativ
ridicata de oxid de calciu, chiar daca nivelul de sulf
poate fi relativ scazut, H, tinde si dea o
subestimare a tendintei de zgurificare si in acest
caz R, ,_ este un indicator mai precis. in schimb,
daca continutul de fier este relativ ridicat, R tinde
sd ofere o supraestimare a tendintei de formare a
zgurii.
unde Tsc si Tygpg reprezintd temperaturile la care
cenusa de carbune dobandeste o vascozitate de 25
si respectiv 1000 N s/m2 si f; este factorul de
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2.11. Indicatorii de vascozitate

Viscozitatea cenusii  determina  tendinta
formarii zgurii. Indicatorii ce se bazeaza pe analiza
chimica sunt masuri definite 1n functie de
vascozitate, de vreme ce depind de compozitia
chimica si de raportul oxizi acizi - oxizi bazici.
Studiile facute au atras atentia asupra diferentelor
dintre valorile experimentale ale vascozitatii
functie de momentul in care s-au facut masuratori:
daca zgura topita a fost racita sau incalzita.

Se crede ca aparitia acestor diferente depinde de
prezenta cristalelor in topitura, fapt ce ar putea
afecta proprietatile sale de curgere.

Masuratorile vascozitatii se schimba odata cu
temperatura si prezintd o crestere rapida a
acesteia(o abatere de la  comportamentul
Newtonian) in momentul cind are loc cristalizarea.

Temperatura la care nivelul véscozitatii se
ridica abrupt poartd denumirea de temperatura
criticd a véscozitatii , T, .

Valoarea T, poate fi folositd ca o indicatie a
tendintei formarii zgurii: cu cét este mai mare
valoarea T, cu atit este mai mic riscul aparitiei
zgurii si invers cu cit sunt mai mici valorile T, cu
atat este mai mare riscul aparitiei zgurii. Cu toate
acestea, este dificil din punct de vedere
experimental sd masori T, -ul.

Pentru a depasi aceasta dificultate, T, -ul din
datele furnizate de experimente, s-a propus
evaluarea tendintei de formare a zgurii in functie
de temperaturd, denumitd T, la nivelul céreia
zgura are o vascozitate de 106 N s/m2. Ca si in
cazul T, -ului, cu cit este mai micd valoarea T,
cu atat este mai probabild aparitia zgurii; o
probabilitate scdzutd de aparitie a zgurii este
asociata cu valori foarte mari ale T..,.

Nu exista nici o valoare mai mare a T, la care
se poate anticipa aparitia zgurii.

Deoarece procedeul de masurare a vascozitatii
cenusii este laborios si dificil, necesitand
echipamente sofisticate, s-au facut Incercari pentru
a o calcula folosind compozitia cenusii.
Temperaturile la care vascozitatea cenusii este de
25, 200 si 1000 N s/m2 sunt calculate si folosite
pentru a estima indicele Ry de zgurificare astfel:

T:—T
R, == 1000
975 x f,

(7

severitate ce depinde de temperatura Tsq; la nivelul
careia cenusa are vascozitatea de 200 N s/m2, si
poate fi obtinuta din tabelul 5



Tabel 5

Factori de severitate

T200
fi
(U9

1000 0,9
1100 1,3
1200 2,0
1300 3,1
1400 4,7
1500 7,1
1600 11,4

Temperaturile necesare pentru acest tip de analiza

pot fi obtinute din urméatoarea formula:
1

T = (”'_"“)EJr 150

logn—c

(8)

unde
m = 0.00835 SiO2 + 0.00601 A1203 - 0.109
¢ =0.0415 Si02 + 0.0192 AI203 + 0.0276 Fe203
+ 0.0160 CaO - 3.92

1 este vAscozitatea necesara (in echilibru ) T este
temperatura °C , la care proba are vascozitatea
necesara, Si0O2, Al203, Fe203 si CaO sunt
valorile normalizate ale continutului de cenusa din
carbuni, unde continutul Na20 al cenusii nu
depaseste 2%, adica:

Si02 + AI1203 + Fe203 + CaO + MgO =100 (9)

Sau pentru carbuni 1n cazul cdrora continutul de
Na20 depaseste 2%, valorile ,, raportate” sunt
folosite , adica :

SiO02 + Al203 + Fe203 + CaO + MgO + Na20 +
K20 + TiO2 + P205 + SO3 = 100 (10)

Tendinta de formare a zgurii atunci cdnd vorbim de
indicele R ;: este prezentata in tabelul 6.
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Tabel 6
Caracteristicile de zgurificare in functie de H ¢

Rrg Tendinta de formare
a zgurii

<0.5 Scéazuta

0.5-1.0 Medie

1.0-2.0 Ridicata

>2.0 Severa

Au fost facute citeva comentarii in legatura cu
folosirea R rz-ului in procesul de evaluare a zgurii.
S-a aratat ca procedeul de calcul al vascozitatii din
compozitia cenusii se bazeaza pe presupunerea ca
cenusa carbunelui la temperaturile specificate este
1n totalitate in stare fluida/ lichida, nefiind cazul in
practica. Cu cat particulele de cenusa se deplaseaza
prin focar, fiind racite in timpul procesului, ele Tsi
schimba starea din lichida in solidd, avand
posibilitatea clara, de formare a cristalelor n
matricea lichidd. Aplicarea relatiei dintre
vascozitate si temperaturd in aceste conditii, cand
particule solide sunt prezente in topitura nu este in
totalitate acceptatd. Tendinta de formare a zgurii
bazata pe aceste date devine mai putin fiabila.
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Rezumat. In lucrare se prezinta temperatura de functionare a motorului la diferite regimuri de a motorului.
Pentru a realiza acest studiu se va utiliza un supracatalizator. Lucrarea continua cercetarile efectuate priviind
influienta campului magnetic asupra functionarii si parametrilor motorului in urma incercarilor efectuate, in
prezenta campului electro-magnetic. In lucrare se prezinta influienta campului electromagnetic asupra unu m.a.s.

cu referire la mototrul Dacia 1300.

Cuvinte cheie: supercatalizator, motor, electromagnetism, termic.

Abstract. The paper shows the temperature of the engine at different engine modes. To achieve this study will
use a super catalyst.The paper continues research done look at the magnetic field influence on the operation and
engine parameters from tests performed in the presence of electromagnetic field.The paper presents the influence
ofelectromagnetic field on a spark ignition engine with regard to engine Dacia 1300.

Keywords: supercatalyst, engine, electromagnetism, thermal.

1. INTRODUCTION

1.1. Field and magnetic flux

We say that the current-carrying wire around
the wire where there are strong moments shows
and a magnetic field that depends on this electric
field. These forces act both on some wires crossed
by streams, but also on other magnetic objects
made of iron or nickel, cobalt, etc.This current is
always accompanied by magnetic field and vice-
versa. Magnetic field surrounding the permanent
magnets is produced, as we shall see later, the
currents that form the molecular motion of the
electrons orbit atomic planes perpendicular to the
axis of the magnet. Electric and magnetic field can
be considered as two different aspects of
electromagnetic  field that accompany any
movement of electricity along a conductor. To plot
lines of magnetic induction or magnetic field lines,
it uses magnetic induction lines or magnetic field
lines. Lines are called magnetic induction or
magnetic field lines drawn in a field whose
direction is given, at each point, the direction in
which the magnetic needle is placed. Magnetic
field lines of the field produced by a permanent
magnet are shown in Figure 1 they come from the
north pole and enter the south pole.
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Fig. 1. Permanent magnet (magnetic field lines)

In Figure 2 are the magnetic field lines of a
straight conductor and current-carrying wire. They
are concentric circles, centered on the axis of the
conductor, being in a plane perpendicular to the
conductor.

r

Fig. 2. Electric current-carrying linear conductor (magnetic
field lines)



Fig. 3. Coil (magnetic field lines for a solenoid)

The magnetic field in a given point size is
characterized by a directional magnetic field called
induction, induction B. The magnetic field can be
caused either by mechanical force that acts on the
magnetic field of an electric current, or by electro-
magnetic induced voltage in a conductor which
moves in the magnetic field. This force being put
on a conductor traversed by an electric current,
located in a magnetic field, electromagnetic force.

When the induction magnetic field direction is
perpendicular to the direction of electric current
strength relationship becomes:

F=B-1-1 (1)

Relation (1) allows the definition and
establishment of magnetic induction unit. Thus B =
F /1 -1 So, magnetic flux can be considered as
being equal to the amount of magnetic force field
that acts on a conductor through which current of
1A, 1m length. The size of magnetic flux in the
international system has units of measure
weber/m?2 or sec/m?2 - V, namely:

[B]=EF_Z]=[A]Y,M}=[A~Jm2}= @)

_ {VgAg sec } _ [Vg sec }
- - 2

2
A-m m

but 1sec = 1V - weber (Wb short) and therefore the
magnetic induction measured in Wb/m® field
(Tesla). Induction is also measured in gauss (gauss
= 10-4 Wb/m”. Force acting on a certain course of
a current conductor can be decomposed into

elementary forces d F.
d_F:I(EXE):IEXE (3)

This elemental force works on different
elements of current Idl. Force acting on a closed
circuit through which a current can be expressed
by the relationship:
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f:ﬂﬁxﬁ) 4)

A closed circuit can be subjected by a magnetic
field and a rotational moment that can be easily
calculated based on Laplacian force. It
demonstrates that when the couple tending to
rotate a frame, is given by:

M =pxB (5)

where: ; =1S is the magnetic moment, S (area

frame) is the magnitude of S magnetic field
oriented in the sense of the current frame.

1.2. Magnetic field intensity

Induction depends on the physical properties of
the magnetic field of the environment, the position
and size of electrical currents that give rise to
magnetic field currents. Capacity illustrations
experience as a homogeneous medium around a
straight current-carrying electrical conductor, is
formed a circular magnetic field. Induction of such
a current magnetic field at a point M located at
distance r is proportional to current intensity and
inversely proportional to the distance from the
conductor (see fig.4 and relation 6).

Also on an experimental basis to prove that
inside a coil of length 1 formed a uniform magnetic
field, whose direction is parallel to the coil axis.
Induction of such a magnetic field is proportional
to current intensity and the number N of turns per
unit length seen across the solenoid axis (see fig. 5
and 7 relation).
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1
B = 6
H— ©6)
NI
B=u— (7)

l

Relations 6 and 7 can show by applying Biot-
Savart's law or fundamental law of magnetic
circuits. In relations 6 and 7 proportionality
coefficient p is called the magnetic permeability of
the environment in which the magnetic field is
established. Relative magnetic permeability is
defined as the ratio of magnetic field induction in
that environment at a point M located at distance r
from the conductor axis and the induction of
magnetic field in vacuum or air, produced by the
same current and at the same point, namely:

p,=4=s
Hy

®)

2. EXPERIMENTAL INSTALLATION

Testing super catalyst aimed observation of
magnetic field influence on economic and energy
parameters of internal combustion engines.

Engine study was conducted in two stages:

1) Determination of energy and economic
parameters of our engine.

2) Determination of energy and economic
parameters of the engine fitted with super catalyst.

To assess these parameters is necessary to draw
the engine characteristics, these characteristics are
traced after tests on a stand as shown in Figure 6.

The engine is mounted on a stand or bench
measurements provided with all necessary
equipment measurements. Testing was performed
Vosges super catalyst samples on a stand equipped
with an engine brake hydraulic of 50daN and a
DACIA 1300 engine.

Fig. 6. Stand assembly
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Mounting super catalyst was carried out in
accordance with the instructions contained in the
catalog and more specifically between fuel pump
and carburetor Figure 7.

Fig. 7. Supercatalyst position

3. EXPERIMENTAL TESTS

3.1. Calculation formulas

Knowing the actual time to obtain an indication
of the brake and F arms' length from weighing
device:

Me=F-1 [daN-m] )]
Usually 1 = 0.716 mm, in this case the engine
effective power becomes:
Pe=F-n/k [kW]

where: F - is an indication of brake, in daN;
n — crankshaft speed, in rpm;
k=1360

Hourly fuel consumption is obtained with the
relationship:

(10)

Ch=3,6 - m/t [kg/h] an

where: t - time in which the amount of fuel
consumed, in sec;
m - fuel mass, in g.

Specific effective fuel consumption:
Ce=Ch/Pe [kg/kWh] 12)

The main purpose of the evidence consists of
acceptance of the characteristics declared by the
manufacturer and the "Super Catalyzer", certain:

- increasing power;

- reducing exhaust gas emission;

- reducing exhaust gas emissions.

Comparing the results is sensitive to notice an
improvement in engine parameters using the Super
catalyst.An average of the results after processing
the data obtained in the stands to try driving for
spark ignition engine can be seen in table 3.
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Table 1
Results of tests without super catalyst
Unit Simbol | UM Attempts
1 2 3 4 5 6
Crankshaft n rot/min 1600 1900 2200 2600 2900 3200
speed
Indication of F daN 25 26 22 11 4 0
weighing brake
Fuel C ar 100 100 100 100 100 100
consumption
during testing
Duration of trial | t sec 49.42 52.92 60 69.07 85.24 147.4
Hourly fuel Ch kg/h 7.2845 6.802721 6 5.212858 4.223369 2.442
consumption 334
Effective power | Pe kW 29.41176 36.32353 35.58824 21.02941 8.529412 0
Effective Me daN*m 17.9 18.616 15.752 7.876 2.864 0
momentum
Specific Ce Kg/kWh | 0.247673 0.187281 0.168595 0.247884 0.495154
effective fuel
consumption
Table 2
Results of tests with super catalyst
Unit Simbol | UM Attempts
1 2 3 4 5 6
Crankshaft n rot/min 1600 1900 2200 2600 2900 3200
speed
Indication of F daN 26 27 23 13 6 0
weighing brake
Fuel C ar 100 100 100 100 100 100
consumption
during testing
Duration of trial | t sec 56.74 59.96 65.61 78.52 98.52 159.7
Hourly fuel Ch kg/h 6.34473 6.004003 5.486968 4.584819 3.65408 2.254
consumption 227
Effective power | Pe kW 30.58824 37.72059 37.20588 24.85294 10.66176 0
Effective Me daN'm 18.616 19.332 16.468 9.308 3.58 0
momentum
Specific Ce Kg/kWh | 0.207424 0.15917 0.149758 0.184478 0.342728
effective fuel
consumption
Table 3
Average score
Unit Observation Value
Effective power increased 11,2%
Effective moment 11.2%
Hourly fuel consumption fell 11.16%
Specific effective fuel consumption 20.2%
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3.2. Graphic representation of results

Puterea efectiva

40

35 ﬂ
/
30 ¥
25 "
i 20 \;\ —e—fara catéllzator
Q@ —=— cu catalizator
a 15 \
10 \
5
0

1600 1900 2200 2600 2900 3200

n [rot/min]

Fig. 8. Effective power

Momentul efectiv

n
o

20
E "
< 15 4 —e— fara catalizator|
s
20 —=— cu catalizator
2

5 \

0 . . : . :

1600 1900 2200 2600 2900 3200
n [rot/min]
Fig. 9. Effective momentum
Consumul orar de combustibil

8

7 *~—

6 — T,
= e, :
2. \'\\'\ —e— fara catalizator
= \'\ —=— cu catalizator
o3 AW

2

1

0 : : : : :

1600 1900 2200 2600 2900 3200
n [rot/min]
Fig. 10. Average score
Consumul specific efectivde combustibil

0.6

0.5 /v

g‘ 0.4

2 03 » —e— fara catalizator

3 0.

= —=— cu catalizator
~ s

=

1600 1900 2200 2600 2900 3200
n [rot/min]

Fig. 11. Specific effective fuel consumption
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3.3. Determination of exhaust gas

For the analysis of engine exhaust gas was
used nuisance and opacity analyzer for ITP and
diagnosis in motor gasoline / LPG and diesel
Figure 8

General features:

- Accuracy class according to OIML

R99 70~

- Test procedure required by RAR

- Software in Romanian

- Universal tachometer BDM (B +/ B-)

- The gas analysis (CO, CO,, HC, O,)

- The RTM 430 Portable opacimeter

- Response time low.

Fig. 11. Bosch gas analyzer

Stability over time through the process of
measuring the infrared gas detectors like receptors
(petrol). Long use of the measuring chamber
(diesel). Approval certificate metrological model.

According to the stoichiometric relation of
combustion having as fuel petrol, the theoretical
absolute combustion point is verified when:

CO,+ O, =147

where CO, must be as close as possible to 14.7,
The result is that a combustion is as better as the
Oxygen decreases to zero, and CO, increases to the
superior limit 14.7.

An ideal combustion has the following
components and the following values:

CO-0.1

CO,-14.7
0,-0.1
A—1.1-12
After gas analysis Figure 9, carried out before

and after mounting on 04/14/2009 in the Super
catalyst we have concluded following:
Oxygen decrease
CO2 increase
Efficiency increase
Decrease of lambda coefficient

YV VY



B O s Cc H
Diagnosticare gaze esap. pig

Versiune BER V1.00-RO
Versiune AMM: 5

B O s Cc H

gnosticare gaze esap
Versiune BEA: V1.08-RO
Versiune AMM: 5575

Data 14 .04 .2009
. Data: 14.94 2009
Duratd: __________19:%S Durata: 13:23
Combustibil: Benzina Conbustibil : _5;;;1;;
Rezultat 1. masurare Rezultat 1. mdsurare
Temp. ulei 14 °c Temp. ulei 15 °C
Lambda 1.324 Lambd. 1.248
0 1.987 7 vol CO 0.3920 7/ vol
co2 8.05 7 vol CO2 11.66 74 vol
HC 709 ppm vol HC 598 ppm vol
02 8.8 % vol 5 7 vol
NO 303 ppm vol NO 111 ppm vol
COcor 2.873 7 vol COcor 0.485 % vol
a) Without device b) With device

Fig. 12. Results exhaust

4. CONCLUSIONS

It can be said with certainty by this study
because the technical declared producer through its
technical records confirm.
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Fitting a supercatalizator the endothermic
engine does not pose a risk, contrary thereby
increase the engine performance and extend its life,
and to protection of the environment by reducing
pollutants emitted into the air.

REFERENCES

[1] N. Bataga, Motoare termice, Lito. IPCN 1988.

[2] N. Bataga, 1. Teberean, Motoare cu ardere interna, EDP-
Bucuresti 1996.

[3] Berthold Grunwald, Teoria, calculul si constructia
motoarelor pentru autovehicule rutiere, EDP- Bucuresti
1980.

[4] D. Taraza s.a.,Aplicatii si probleme de motoare termice,
EDP - Bucuresti 1981.

[5] L Teberean, Agenti termodinamici si masini termice, Ed.
DACIA Cluj-Napoca 1999

[6] Virgiliu Dan Negrea, Combaterea poluarii mediului in
transporturile rutiere, Editura Tehnica Bucuresti 2000.

[7] LTeberean, s.a., Contract de cercetare nr.6288/2009



ELEMENTAL ANALYSES FOR DIFFERENT TYPES OF

BIODIESEL AND DIESEL

Dragos TUTUNEA, Marin BICA
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Rezumat. Introducerea biodieselului pe piatd ca o alternativa viabila la combustibilul diesel fosil pentru aplicatii
in motoarele cu aprindere prin compresie (CI) a dus la o cercetare intensiva in acest domeniu in ultimile doua
decenii. Acest lucru se datoreaza epuizarii resurselor de petrol si a cresterii gradului de constientizare al
impactului asupra mediului si a sanatatii din arderea dieselului fosil. Pe masura ce utilizarea biodieselului devine
mai raspanditd, producatorii de motoare motoare si-au exprimat ingrijorarea cu privire la performantele acestuia
in motoarele diesel. In aceastd lucrare este deteminati compozitia elementara pentru diferite tipuri de biodiesel
din uleiuri (grasimi animale) §i motorina. Datele experimentale obtinute indica continutul de carbon, hidrogen si
azot prezent in fiecare proba. Procesul de combustie in motoarele diesel este analizat in functie de compozitia
elementara a fiecarui combustibil.

Cuvinte cheie: compozitie elementara, combustie, biodiesel, petrodiesel.

Abstract. The biodiesel introduction on the market as economically viable alternative to fossil diesel for
applications in compression ignition (CI) engines has led to intense research in the field over the last two decades.
This is predominantly due to the depletion of petroleum resources and increasing awareness of environmental and
health impacts from the combustion of fossil diesel. As the use of biodiesel becomes more widespread, engine
manufacturers have expressed concern about his performance in diesel engines. In this paper is determined the
elemental composition for different type of biodiesel from oils (animal fat) and petrodiesel. The experimental
data obtained indicate the content of carbon, hydrogen and nitrogen present on each probe. The combustion

process in diesel engines is analyzed function of elemental composition of each fuel.
Keywords: elemental composition, combustion, biodiesel, petrodiesel.

1. INTRODUCTION

The search for an alternative fuel for diesel
engins has intensified in recent years with the
imminent depletion of fossil fuel in the next four
decades, based on present consumption rate of the
proven reserves [2]. Plant oils are usually
converted into biodiesel by transesterification with
short chain alcohols, such as methanol or ethanol,
to bring their combustion properties closer to those
of conventional fuel. Biodiesel is currently being

produced from grease, vegetable oils or animal fats.

The use of edible plant oils for biodiesel
production is under discussion as they compete
with food crops for scarce agricultural land and
water [8]. Other key factors contributing to this
include growing environmental concerns and
volatile crude oil prices. Among alternative fuels
touted, biodiesel is currently favored in the ground
transportation sector due to the availability of
current production technology, and compatibility
with existing infrastructure of conventional diesel
fuel. Owing to a combination of these factors and
encouraging measures adopted by policy makers in
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the form of fiscal policies, mandatory blending,
trading laws, biodiesel standards and emission
legislations, biodiesel has since seen a rapid annual
increment in its worldwide production [7]. Despite
the many apparent benefits from the usage of
biodiesel in diesel engines, widespread adoption of
the fuel within the automotive sector is hindered
mainly by the high cost and associated operational
problems. At present, biodiesel is still not as cost-
competitive as fossil diesel due to the high price of
the feedstock oil [5]. Positive governmental
policies and subsidies have proven to encourage
the initial uptake of biodiesel. Nevertheless, the
eventual cost competitiveness of biodiesel in the
long term future is expected to be governed by
maturing production technology, utilization of
cheaper non-edible oil as feedstock and the rising
trend in global crude oil prices. Outstanding
technical challenges in areas involving low
temperature operation, storage, carbon deposition
and corrosion have been addressed, with varying
degrees of success, through simple measures, such
as fuel preheating, biocide application, proper filter
maintenance and drainage of retained water [3], [6].



Quality and usability of biodiesel can be further
improved upon through the use of fuel additives in
the form of antioxidants, cetane enhancer,
corrosion inhibitor and cold flow improver.
However, production of effective biodiesel fuel
additives proves to be more challenging as fuel
additives are effective for specific compounds in
fuels. Biodiesel must be satisfactory according to
accepted fuel standards such as ASTM D6751 in
the United States or the Committee for
Standardization (CEN) standard EN 14214 in
Europe before it can be used in compression—
ignition (diesel) engines. The fatty acid methyl
esters (FAME) composition, along with the
presence of contaminants and minor components,
determines fuel properties of biodiesel fuel.

Because each feedstock has a unique chemical
composition, biodiesel produced from different
feedstocks will in turn have different fuel
properties. Important properties of biodiesel that
are directly influenced by FAME composition
include low temperature operability, oxidative and
storage stability, kinematic viscosity (KV), exhaust
emissions, cetane number, and energy content [1].

The objective of this study is to investigate the
elemental composition of biodiesel fuels in order
to estabilsh the energy combustion in diesel
engines.

2. CHEMICAL STRUCTURE

Figure 1 shows the chemical structures of
vegetable oil methyl ester, vegetable oil and
hydrocarbon-based fossil diesel.

vegetable oil

vegetable ol metyl ester

hydrocarbon

AN NNANNNN

Fig. 1. Molecular structure for vegetable oil, metyl ester and
hydrocarbon [4]

Vegetable oil, with three hydrocarbon chains
attached to a common group, has greater
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intermolecular association that results in even
higher density and viscosity values. As
summarised in Table 1, fatty acid compositions of
naturally occurring vegetable oils varies with
feedstock. These fatty acids also vary in chain
length and number of double bonds. Most
vegetable oils and their methyl ester derivatives
contain a significant portion of unsaturated fats,
which possess at least one reactive double bond.

These features are contrary to fossil diesel
which contains mainly saturated hydrocarbons
with only single bonds. Hydrogen atoms can be
added to an unsaturated fat for each degree of
unsaturation, as opposed to a saturated fat due to
the absence of double bonds. For this reason,
unsaturated fatty acids such as palmitoleic and
oleic acids are more reactive than saturated fatty
acids such as palmitic and stearic acids. Fats and
oils contain a distribution of carbon chains of
varying lengths, typically ranging from 10 to 22
carbons (referred to as C10 to C22 chains).

Table 1
Structural formula for common fatty acids and
methyl esters [4]

Acid chain | No. of Structure
carbon

Saturated

Caprylic 8 CH;(CH,)sCOOH

Capric 10 CH;(CH,)sCOOH

Lauric 12 CH3(CH2) 1()COOH

Myristic 14 CH;(CH,);,COOH

Palmitic 16 CH3(CH2) 14COOH

Stearic 18 CH3(CH2)16COOH

Arachidic 20 CH3(CH2)13COOH

Behenic 22 CH;(CHQ)Q()COOH

Monounsaturated

Palmitoleic 16 CH;(CH,)sCH=CH(C
H,),COOH

Oleic 18 CH;(CH,)7CH=CH(C
H2)7COOH

Eicosenoic 20 CH;(CH,),CH=CH(C
H,),COOH

Erucic 22 CH;(CH,),CH=CH(C
H,);;COOH

Polyunsaturated

Linoleic 18 CH;(CH,),CH=CHCH
2CH=CH(CH,);,COO
H

Linolenic 18 CH;CH,CH=CHCH,C
H=CHCH,CH=CH(C
H,),COOH

The differences in length and degree of
unsaturation in the fatty acid alkyl chains found in
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biodiesel produced from different feedstocks
(animal or vegetal) give each a unique set of fuel
properties. The physical properties of biodiesel can
be grouped and compared in terms of their impacts
on combustion, flow and storage behaviours.

3. EXPERIMENTAL DATA

Vegetable oil and animal fat was converted to
biodiesel using alkaline transesterification [9]. In
the reaction a catalyst (sodium hydroxide) was
dissolved in alcohol (methanol routes), with a
rapport of 1:6 oil:alcohol molar ratio and this
mixture were added to the oil.

The reaction of transesterification involves the
reaction of methanol with the triglycerides of the
sunflower oil to form the corresponding methyl
esters and glycerin as indicated on the following
reaction scheme (Fig.2):

CH;OCOR CHOH

CH—OCOR? +3CHOH 2% s (O 4+ RCOOCH,

R COOCH,

CH;-OCOR? CHCH FCOOCH,
Triglycerides Iuethanol Glyeerol Iethyl Ester
Fig. 2. The general equation for transesterification of
triglycerides

For the biodiesel production was used an
experimental insatllation build in the laboratory of
Thermodynamics and Thermal Machine of Faculty
of Mechanics of Craiova. The installation can
produce biodiesel from both vegetable oil and
animal fat.

Fig. 3. Scheme of principle for biodiesel installation
1- tank of vegetable oil; 2- methoxid barrel; 3- pump; 4- tank
of biodiesel; 5- meter; 6- level pipe; 7- reactor; 8- electric
mixer; 9- manometer; 10- methanol tank; 11- fan; 12- heat
exchanger; 13- variable voltage control; 14- command panel;
15- meter electric power; 16- variable voltage control; 17-
2000W electrical resistance; 18- thermometer;
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The installation presented in Fig.3. is composed
by a reactor (were the reaction take place), a
command panel to establish the reaction condition,
an electrical resistance to heat the blend, a system
for methanol recovery and different barrels for the
reactants.

The reactant mixing is done in three different
ways: by the electric mixer, through the
recirculation of the blend with the pump and to the
use in the same time of the electric mixer and the
pump.

The reaction mass was stirred at room
temperature for 60 min and heated at a temperature
of 60°C. After the decantation process, the glycerin
was removed and the biodiesel was purified with
the addition of water, then the biodiesel was dried
and characterized.

The biodiesel obtained respect the ASTM and
EN standards.

RAW VEGETABLE OIL

N /

METHANOL

l
4

PURIFICATION
BIODIESEL

Fig. 4. Basic scheme of base-base process for biodiesel
production

GLYCERINE

N
|

4. RESULTS AND DISCUSSION

Biodiesel samples were analyzed using an
apparatus COSTECH ECS 4010 — CHNS-O of
Department of Equipment and Nuclear Classic and
Thermomechanics in the Polytechnics of Bucharest
to determine elemental composition of different
fuels. It is based on an automatic analytical unit
whose operation - from sampling up to signal
detection - is microprocessor controlled.

It represents an evolution in the technique of
elemental analysis by flash
combustion/chromatographic separation and multi-
detector techniques. The value of each element is
measured through his corresponding area on the
diagram.

For the analyses was used two types of
biodiesel from vegetable oil (palm and rapeseed)
and one type of animal fat (fish oil). The samples



was measured with an analytical balance Sartorius
to determine the weight of each fuel.

As diesel fuel was used a Euro L Diesel
purchased form a local gas station from Craiova.

Fig. 5. Elemental analysis for petrodiesel

[P -

Fig. 6. Elemental analysis for biodiesel of palm oil

Ui o et Z0hge 2017

Fig. 7. Elemental analysis for biodiesel of rapeseed oil

==t i = =
Fig. 8. Elemental analysis for biodiesel of fish oil

The higher heating value (HHV) is an

important property defining the energy content and
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thereby efficiency of fuels, such as vegetable oils
and biodiesels. The HHV of biodiesel is
approximately 10 % less than that of petrodiesel.

The higher heating value of a fuel increases
with increasing carbon number in fuel molecules
and also increases as the ratio of carbon and
hydrogen to oxygen and nitrogen increases studied
the correlation between viscosity and higher
heating value.

Higher heating value (HHV) and composition
of biomass, are important properties which define
the energy content and determine the clean and
efficient use of these fuels.

There exists a variety of correlations for
predicting HHV from ultimate analysis of fuels.
Energy content is an important indication of the
suitability of a fuel.

Heat of combustion is found to increase with
carbon chain length. As CH, unit increases for
every additional carbon, higher number of carbon—
carbon and carbon-hydrogen bonds which can be
broken to release the energy contained within them
increases.

Table 2
Higher (HHV) and Lower (LHV) Heating values [4]
Fuel HHV [MJ/kg] LHV [MJ/kg]
Hydrogen | 141.80 121
Carbon 32.8 -

Hydrogen is the most energetic component. It is
a pollution-free and ash less fuel. Hydrogen, as one
of the important constituents of fuels, plays a very
important role in the combustion.

The higher the percentage of hydrogen content
in the fuels, the better it is for their
ignition/combustion.

Also the carbon present in the fuel composition
with high heating value improves the engine
combustion processes. A fuel with high content of
hydrogen and carbon represent the best solution for
diesel engines.
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Biodiesel of
rapeseed

Fuel

Petrodiesel Biodiesel of palm Biodiesel of fish

Fig. 9. Hydogen content of fuel sample
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Fig. 12. Total content Nitrogen, Hydrogen and Carbon of
fuel sample

According to the data obtained petrodiesel have
higher hydrogen content than biodiesel samples.

Biodiesel of rapeseed has a value of hydrogen
closed to diesel with good combustion in the
engine. Biodiesel of rapeseed and palm oil have
values higher than petrodiesel corresponding with
higher emission of NOx reported in specialty
literature. Biodiesel of fish oil has no nitrogen in
composition and therefore will not have emission

Petrodiesel have a higher content of carbon than
all the biodiesel samples. In a diesel engine that
completely combusts the carbon in the fuel, all the
carbon will result in CO and CO,.

A percentage of the total carbon content of the
biodiesel is actually recycled biomass carbon and
should not be considered in the net emissions of
CO2. On average, pure biodiesel is 77% carbon.
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In the biodiesel, the carbon contained in the
fatty acids reacted with methanol is considered
non-biomass carbon while the carbon in the fatty
acid portion of the methyl ester is considered
biomass carbon.

5. CONCLUSION

Biodiesel represents an alternative fuel for
diesel engines that is produced from renewable
agriculural sources and animal fat.

Elemental analyses of four types of fuels
indicate the content of carbon, hydrogen and
nitrogen present in the samples. Petrodiesel have
the highest content of carbon and hydrogen
fallowed by the biodiesel of rapeseed oil.

The biodiesel of fish oil have no nitrogen in
composition and therefore will not have NOx
emission. Neat biodiesel can be used in current
configuration of diesel engines with little to no
hardware modifications, although regular engine
maintenance and servicing are recommended by
the entire engine manufacturer.

Biodiesel is a viable substitute to fossil diesel
due to its renewable biomass origins, which can
satisfy mid-term global energy demands while
forming part of the solution to arrest further
environmental deterioration from human activities
linked to technological advancements.
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THERMAL EVALUATION OF BIODIESEL DERIVED

FROM RAPESEED OIL

Dragos TUTUNEA, Marin BICA

UNIVERSITY OF CRAIOVA, Romania.

Rezumat. Combustibilul diesel are un rol important in traficul urban precum si in transportul diferitelor produse.
Totusi, cantitatea de resurse non regenerabile descreste in mod continuu in fara noastra. Acest lucru si cerintele
impuse de mediul inconjurator au dus la necesitatea de a cauta alte surse de energie regenerabile. Biodieselul este
o alternativi, este biodegradabil si este un produs regenerabil, care respectd ciclul natural al carbonului. in aceasti
lucrare biodieselul din ulei de rapita a fost sintetizat folosind metanol §i caracterizat prin analize fizico-chimice
pentru a putea investiga proprietatile sale in conformitate cu standardele de biodiesel. O serie de masuratori termo
analitice In aer au fost realizate pentru a putea determina principalele procese de descompunere termica.

Cuvinte cheie: biodiesel, energie, descompunere termica, combustibil, rapita.

Abstract. Diesel fuel has an important role in the field of urban traffic as well as in the transportation of different
products. However, the amount of the non-renewable sources is continuously decreasing in our country. This fact
and the environmental requirements brought the necessity to search for other, renewable sources. Biodiesel is a
good alternative, as it is a biodegradable and renewable product, which obeys the natural carbon cycle. In this
work, the biodiesel from rapeseed oil was synthesized using the methanol route, and characterized by physico-
chemical analyses in order to make able the investigated biodiesel to fulfill with its properties the requirements of
biodiesel standards. A series of thermo analytical measurements in air were done to determine the main thermal

decomposition processes.

Keywords: biodiesel, energy, thermal decomposition, fuel, rapeseed.

1. INTRODUCTION

Most of the energy consumed in the world
originates from petroleum, coal and natural gas,
mainly petroleum derived fuels [1]. Rising costs of
the petroleum-derived fuels, appended to
environmental pollution and global warming, has
encouraged researches on alternative fuels and
low-energy design processes.

Nowadays, biodiesel became an important
alternative due to its environmental benefits and
easy industrial fabrication from renewable
resources. New investments for industrial-scale
plants in Europe, Asia, Australia, United States
and Brazil have increased the production of
biodiesel which the bigger advantage is the higher
lubricity if compared to the mineral diesel;
however, such vegetable oils based products
present lower oxidation stability and processing
temperature [3].

Oils and fats derived from animal, vegetable or
having even microbial origin are practically
insoluble in water. They are basically glycerin-
derived esters mixtures, where the fatty acids
contain 8-24 carbon atoms long chains, with
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different degrees of unsaturation. The composition
of a determined vegetable oil is important since it
influences the physical properties e.g. viscosity,
melting point, thermal stability and cetane number
of the oil. Vegetable oils contain in average 95% of
trilglycerides, 0.1% of diacylglycerides and 2% of
monoacylglycerides.

Tri-, di- and monoacylglycerides are constituted
by a glycerin molecule linked to three, two or one
molecules of fatty acids, respectively. Besides the
fatty acids linked to the glycerin molecules, there
are fatty acids that are not linked to the glycerin,
denominated as free fatty acids. Their amount can
be 0.3-2.0% in the vegetable oil or even higher in
used oils. Free fatty acids are responsible for the
acidity of oils and fats [4].

Biodiesel is a renewable fuel produced from the
reaction of vegetable oils or animal fats and
alcohol. Biodiesel is a fuel that can be used either
as pure (B100) or blended with different amounts
of petrodiesel (BX, whose X denotes the volume
percentage of biodiesel) in diesel engines. It brings
also advantages in pollutant emission and engine
wear, too. One of the most important biodiesel
sources is the rapeseed oil (Fig.1).



Transformation of rapeseed oil to biofuel brings
the benefits of producing a fuel locally and
generates thousands of jobs from planting to the
diesel production and commercialization.
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Combustibility and application of a substance
as fuel depends on how easily it undertakes
combustion, and, besides how much is the gained
mechanical  energy. In  diesel engines
combustibility is related to fuel properties, such as
viscosity, which is an intrinsic property of
vegetable oils and biodiesel. It remarkably
influences the operation of the fuel injection
system and the fuel atomization mechanism. This
is also reflected in the combustion process which
influences the amount of the maximum power
developed by the engine upon its operation [1].
Thermal analysis is concerned with a lot of
scientific applications. It provides efficient tools
for measuring thermodynamic properties such as
enthalpies, heat capacities and temperature of
phase transitions.

The methods of thermal analysis make it
possible to follow the kinetics of thermally
stimulated processes like decomposition, oxidation,
reduction, crystallization, polymerization and
combustion [6]. The purpose of this work is to
investigate biodiesel samples by thermogravimetry
(TG) and derivative thermogravimetry (DTG), and
to compare with the thermogravimetric profile of
diesel fuel. Both were application of
thermogravimetry to liquid fuels like diesel and
biodiesel is not usually found in reports. Only few
reports describe the use of this technique in liquid
fuels. Most papers have been focused on solid
fuels.
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2. EXPERIMENTAL DATA

Rapeseed oil was converted to biodiesel using
alkaline transesterification. In the reaction 3%
catalyst (sodium hydroxide) was dissolved in alcohol
(methanol routes), with a rapport of 1:6 oil:alcohol
molar ratio and this mixture were added to the
0il.The reaction mass was stirred at room temperature
for 60 min and heated at a temperature of 60°C. After
the decantation process, the glycerin was removed
and the biodiesel was purified with the addition of
water, then the biodiesel was dried and characterized
(Fig.3).

Qi Alcohol + Catalyst
Stirring
Separation Glycerine
Contamined biodiesel
|
Purification
Pure biodiesel

Fig. 3. Biodiesel production scheme
3. RESULTS AND DISCUSSION

Biodiesel samples were analyzed using gas
chromatography to verify the conversion of
triglycerides.

Focus GC Gas Chromatograph coupled with a
mass spectrometer DSQ was used in the
experiments. The values obtained are presented in
Fig. 4 and Fig. 5.
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Fig. 4. Chromatogram of biodiesel sample
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It can be observed that the transesterification
process resulted in 97.12% conversion of methyl
esters. These values are higher than the requested
96.5% by the European standard EN 1403.

Fuel for internal combustion engines consists of
3 basic chemical elements: carbon — C, hydrogen —
H, and oxygen — O,.

For the elemental analysis [5] we use the
apparatus COSTECH ECS 4010 — CHNS-O of
Department of Equipment and Nuclear Classic and

Thermomechanics in the Polytechnics of Bucharest.

The value of each element is measured through his
corresponding area on the diagram (Fig 6).

Fig. 6. Elemental composition for biodiesel of rapeseed

The biodiesel sample has a content of 80,3%
Carbon and 13,9% Hydrogen by weight.

TG/DTG and PDSC experiments were used to
obtain information on the temperature-controlled
combustion of the biodiesel of rapeseed and
conventional diesel fuel.

In the petroleum composition enters
hydrocarbons, aromatics and mixed with
distillation limits between 200 and 400°C. In

general diesel molecules of different lengths have
different properties and different behaviors.

Chains of molecules that are longer have higher
boiling points. They come generally from
atmospheric distillation of crude oil and consist of
mixtures of hydrocarbons that have molecules in
them range from 10 to 19 carbon atoms.
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Fuels for diesel engines is characterized by
properties opposite to the gasoline respectively
hydrocarbon components must oxidize easily with
the formation of peroxides and other products of
incomplete oxidation, for the auto ignition to start
easily.

In the TG curve of diesel Fig. 7 fuel it is notice a
loss of weight up to 16.59° C of 74% and then a
rapid weight loss (99,613%) at 16.59° C to 253.31°
C. In the DTG curve are observed the speed of
mass loss rate with a peak maximum at 210° C.
Fractions containing less carbon evaporate most
quickly. It can be seen that petrodiesel is
completely evaporated at a temperature of
approximately 253° C, of the initial sample
remaining 0,312% by weight.

In the DTA curve is observed an endothermic
process at 150° C and an exothermic peak at 230°
C. At a temperature of 255°C occurs the
carbonization of the sample. The weight loss is
approximately 99.99%.
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The TG curve of biodiesel from rapeseed Fig. 8
shows a level of stability up to 144,20°C with a
small mass loss of 1,054% in three stages of
thermal decomposition. Increasing of the heating
rate, the mass loss steps shifted towards higher
temperatures.

This occurs since at higher heating rates the heat
distribution is less uniform, which increases the
temperature gradient and provokes temperature
displacement. The first takes place in the 144, 20-
286,83°C with a weight loss of about 88,341%
with the volatilization of methyl esters.

The second is easier to 286,83°C at 500°C with a
weight loss of about 10% by the decomposition of
mono, di and triacylglycerides and fatty acids with
high carbon oleic and linoleic. And finally the
carbonization of the sample is from 500°C to
525°C with a weight loss of approximately 0.5%.
The total loss was approximately 99.946%. On the
DTG curve are observed many processes:
endothermic to 150°C and several exothermic
processes at 195°C, 270°C, 330°C, 495°C. On the
DTA curve is observed speed loss of mass at
240°C. At a temperature of 525°C the sample is
vaporized.

4. CONCLUSION

The thermal behavior of the biodiesel using TG
DTA and DSC simultaneous method was
investigated. The intervals of distillation
conditioned the possibility of vaporization of fuel
and complete combustion in the engine.

Biodiesel of rapeseed presents  more
decomposition steps with higher decomposition
temperatures indicating the formation of more
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stable compounds, which is due to oxidation
processes. The combustion of these more stable
compound takes place at higher temperatures.
Diesel has a smaller onset decomposition
temperature than biodiesels indicating that
biodiesels samples are more thermally stable than
diesel.

Biodiesel is safer to handle and store than
petrodiesel because of higher temperature of
vaporization.
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CONSIDERATII PRIVIND IMBUNATATIREA
BILANTULUI ENERGETIC PENTRU INSTALATIA DE
RACIRE A MOTORULUI

Florian VASILE, Dumitru CATANA , Ion SERBANESCU

ACADEMIA TEHNICA MILITARA, Bucuresti, Romania.

Rezumat. in lucrarea de fatd sunt prezentate, in prima parte, anumite aspecte teoretice legate de instalatia de
racire a motorului si bilantul termic al acesteia; acestea fiind precedate, in partea a doua, de un exemplu de calcul
pentru determinarea cantitatii de energie necesare racirii unui motor naval de propulsie ales arbitrar, folosind

documentatia tehnica a acestuia.
Cuvinte cheie: bilant termic, flux energetic, racire.

Abstract. In the present paper are presented in the first part some theoretical aspects linked by the cooling
installation of the engine and the thermal balance; this are preceded in the second part by an calculus exemple for
the determination of energy quantity necessary for cooling a naval engine choosed arbitrary, using his technical

documentation.
Keywords: Thermal balance, energy flow, cooling.

1. BILANT ENERGETIC. INSTALATIA DE
RACIRE

Fluxul energetic produs prin arderea
combustibilului se transforma partial 1n parte
putere efectivd si restul se evacueaza prin diverse
cai spre exterior sub forma de pierderi de fluxuri
termice. Modul de repartitie a acestor pierderi
depinde de tipul motorului, de felul ciclului, de
conditiile de functionare si de puterea dezvoltata.

Bilantul energetic exprimd fluxul energetic
intodus Tn motor prin arderea combustibilului in
cilindrii motorului si diverse fluxuri energetice
care se produc intre motor, consumator si mediul
ambiant.

Prin bilantul energetic se intelege repartitia

fluxului energetic disponibi le.xp intre puterea

efectiva si diferitele pierderi. Ecuatia de bilant
termic este:

Qdisp = Qe+ Qge+ ch+ Qrez (1)

In cazul in care ricirea uleiului de ungere se
realizeaza cu apa de mare , in circuit deschis de
racire, in ecuatiile de bilan{ energetic apare un

termen suplimentar Q,,. .. » corespunzdtor fluxului

energetic preluat de apa de mare de la uleiul de
ungere.
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Pe de alta parte, atunci cand se utilizeaza mai

multe circuite Inchise de ricire, termenul Q. se

va diviza In componente corespunzatoare fiecarui
circuit in parte. In astfel de cazuri ecuatia
bilantului energetic devine:

Qdisp = Qe + Qge + Qraacil + Qmapist +

A A @)
+ Qraz,:inj + Qrav.ulei Qrez
unde:
> 0 gy = fluxul energetic disponibil

introdus Tn motor prin arderea combustibilului ;

> 0,

puterea efectiva;

> 0 e = fluxul energetic evacuat cu
gazele de ardere ;

> 0. fluxul energetic evacuat prin
racire ;

> Q. = fluxul energetic rezidual

(evacuat prin radiatie);



Qrac il
Qrac pist
"3C W Qraciny

Qrac ulei

Fig. 1. Diagrama bilantului termic

Procentual ecuatia bilantului energetic devine :

9. + qge + 49 rac + 9 rac.ulei + qré’Z

(3)
=100[%]
unde :
— Qe =34...50;
e =—=-100[%] | % :
Qdisp
0, Qe = 25...35 ;
g ge =—--100[%] w=25..35;
Qdisp
— Qar =10...25;
drac = : 100[%] Qar 5
Qdisp
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= Q" =3...7;
Draculei = 1000%] Qu ;
disp
qrez = sz 100[%] Qrez = 1...5 5
Qdisp
Qdisp =G, -0, 3600 (kW]
: P-c, -0,
VTS kW
Cam = 3600 (kW]

Récirea motoarelor este necesara pentru a
asigura anumite temperaturi ale pieselor mobile si
fixe, si prin aceasta a crea conditiile unei ungeri
bune, a mentine jocurile normale intre piston si
cilindru, fusuri si cuzineti.

Sistemul de racire al motorului naval reprezinta
totalitatea agregatelor, aparatelor si dispozitivelor
care asigura evacuarea fortatd prin pereti a unei
parti din caldura dezvoltata in cilindrii motorului,
in timpul procesului de ardere.

Din analiza diagramei bilantului termic, reiese
faptul ca marirea randamentului efectiv este posibil
prin reducerea categoriilor de pierderi sau
recuperarea unor fluxuri energetice.

Elemente componente fig.2.: 1- racitoare
centrale, 2- hidrofor, 3- pompe principale de apa
de mare, 4- pompe de apd de mare pentru
alimentarea instalatiei de gaz inert si a tancurilor
de balast, 5- priza de fund.
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Elemente componente fig.3. : 1- compartimente
frigorifice, 2- motoare auxiliare, 3- instalatie de aer
conditionat, 4- racitor de ulei, 5- racitor ulei MP,
6- racitorul de ulei al arborelui cu came, 7-
compresoare de aer, 8- racitoare, 9- pompe de
circulare a apei cu temperaturd ridicata, 10-
preincalzitor, 11- MP(motor principal), 12- pompe
de circulare a apei cu temperatura joasa, 13- tanc
de dezaerare, 14- tanc de expans.

La instalatiile de racire In circuit 1inchis,
temperatura apei de racire este situatd in jurul
valorilor de 75...85°C, influentdnd favorabil
procesul transformarii in cilindrul motorului si
determinand cresterea debitelor relative de caldura
ce poate fi recuperat. Apa din circuitul Inchis de
racire poate fi utilizata in urmatoarele scopuri :

> La instalatia de desalinizare a apei de
mare, ca sursa de caldura ;
> La instalatia de 1Incalzire sau de

conditionare a aerului din cabinele si

compartimentele navei;

> Pentru preancilzirea apei caldarinei
recuperatoare ;
> Pentru producerea apei 1n instalatiile

social-gospodaresti.

Pentru cresterea temperaturii apei din circuitul
inchis, se utilizeazd uneori presurizarea instalatiei
(4-5bar), astfel ca, la iesirea din motor,
temperatura apei si ajungi la 110...130°C. in acest
caz , creste randamentul indicat al ciclului. Creste,
de asemenea, fluxul energeticcare poate fi
recuperat din apa de racire, ceea ce conduce la
cresterea randamentului global al instalatiei din
care face parte motorul cu ardere interna.

2. DETERMINAREA FLUXURILOR
ENERGETICE NECESARE PENTRU
RACIREA MOTORULUI

Am ales pentru exemplificare motoarele
SULZER 5RT-flex 58T-B, K6SZ90/160A si
6550MC.

Pornind de la urmatoarele caracteristici tehnice
si valori masurate ale motorului SULZER 5RT-
flex 58T-B, in timpul functionarii:

> Pe=10900 kW - puterea efectiva a
motorului;

» n =100 rot/min - turatia motorului;

» ¢.=0,170 kg/kWh - consumul
specific efectiv de combustibil;

» M =274m’h
de apa de mare;

- debitul pompei

> me =82mh - debitul de apa
necesar racirii uleiului de ungere;
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) 3
»  Muege =115m’/h
pentru alimentarea caldarii recuperatoare;

- debitul de apa

> Mpaa. =197 mh
de apa dulce (circuit inchis);

- debitul pompei

> m, =155m’h
de circulatie ulei ungere;
se determina cantitatea de energie introdusa in
motor prin arderea combustibilului, Quisp.
Qdisp - M [kW] 4)
3600
unde puterea calorifica inferioard a combustibilului

folosit este: Q; = 42700 [kJ/kg]

- debitul pompei

Efectuand calculele rezulta:

Q jigp = 21978 [kW] 5)

In figura 4 este prezentatd schematic instalatia
de rdcire a motorului cu elementele care
influenteaza bilantul energetic al motorului.

Gradul de racire a cilindrilor, precum si
organizarea rationald a procesului de racire
influenteaza sensibil performantele dinamice,
economice si de durabilitate ale m.a.i. Contactul
fluidului proaspat cu peretii calzi ai cilindrului
micsoreazd gradul de umplere; in schimb o
temperaturd prea scazutd a peretilor cilindrilor
amplificd pierderile de caldurd si micsoreaza
randamentul indicat.

Temperatura pieselor motorului influenteaza,
de asemenea, pierderile mecanice. Daca nu se
organizeaza rational circuitul fluidului de racire,
pot apare cresteri locale de temperatura care duc la
fisuri in chiulasd sau blocul motor sau la arderea
unor piese, precum pistonul si supapele. Atat la
temperaturi inalte, cat si la temperaturi joase,
pelicula de ulei isi pierde consistenta: in primul caz
datorita reducerii viscozitatii, iar in al doilea caz
din cauza diludrii uleiului cu fractiunile grele din
combustibil, condensate pe oglinda cilindrului. in
ambele cazuri, se intensificd uzura pieselor prin
frecare si se reduce durabilitatea motorului.

Racirea insuficientd sau organizarea defectuasa
a curentului fluidului de racire poate conduce la
cresteri locale de temperaturd care vor produce
arderi locale,fisuri,deformari sau rate exagerate de
uzurd.Récirea excesiva are la randul ei o serie de
efecte nefavorabile prin: influentarea negativa a
bilansului energetic, intensificarea uzurii
(datorita ,in special,degradarii calitatilor de ungere
a uleiului) inducerea in piesele excesiv racite a
unor tensiuni termomecanice generatoare de fisuri.
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In consecintd este necesard determinarea unui
regim termic optim,particular fiecarui motor.

Tendintele,in ceea ce priveste nivelul regimului
termic,sunt diverse. Amintim experimentarile
privind utilizarea unor materiale
termorezistente(ceramice) reducandu-se in
favoarea randamentului efectiv procentul de
energie care ar fi fost evacuat prin fluidele de
racire.Deocamdatd aceste cercetdri sunt ficute la
motoarele cu alezaje mici.

In cazul motoarelor navale de puteri mici si
mijlocii, se utilizeaza instalatii de racire alcatuite
dintr-un circuit inchis — care asigurd racirea
motorului - si un circuit deschis —care realizeaza
racirea apei din circuitul inchis. La motoarele
navale lente, de puteri ridicate, pe langa circuitul
deschis se utilizeaza mai multe circuite inchise.

1431 kKW

Instalatie
ungere motor

197 m'h
36C

274 m'm

Priza de fund Evacuare peste bord

Fig. 4. Ilustrarea bilantului termic al racirii

Cantitatea de energie evacuata cu apa de racire
este:

Q rac m”m Cam” ATam (6)

unde céldura specifica a apei este :
cm=4186  [kl/kg grd]

rezulta:

Q.. =6372 [kW]

Avand in vedere cd apa de rdcire preia §i
cantitatea de caldura evacuata prin uleiul de ungere,
putem verifica daca rezultatele obtinute prin calcul
pentru cantitatea de energie evacuatd cu apa de
racire se incadreazd in intervalul procentual al
bilantului termic prezentat mai sus.
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Stim ca :

Qo = 10...25; [%]

Qu=3...7; [%]

iar
Qrac —
—<-100% = 28,9% @)
Qdisp

Se observa ca valoarea calculata se incadreazd
in intervalul procentual.
Fluxurile energetice sunt influentate de sarcina
motorului si de conditiile date de mediul ambiant.
In figura 5 sunt reprezentate variatiile fluxurilor
energetice.

ki Heatdbspatbn

5000 T T T

4500 —— Cymder
4000 — bl
1500 m— GAC LT
1000
2500
2000
1500

1000

500

50 55 60 65 70 s 80 85 90 85 100 105 110

Fig. 5. Ilustrarea pierderilor de energie prin racirea motorului,
ungere si racirea gazelor de evacuare pentru motorul SULZER
5RT-flex 58T-B

In continuare sunt prezentate tabelar valorile
fluxurilor energetice evacuate cu apa de racire
pentru motoarele mai sus mentionate:

» Fluxul de energie termicd introdusa

1n motor:
Qi =Ci O, [k/h] ®)
‘ Ry
o= = kW 9
ig?zhsy? 3600 [ ] ( )
SULZER | K6SZ90/ | 6550MC
SRT-flex 160A
58T-B
Qdisp 21978 31751,47 | 162232
(kW]

» Fluxul de energie termica evacuata
cu apa de racire cilindrii:

Qmacil =My i Ca AT [kW] (10)
macii - debitul masic al pompei [kg/s]
¢,=4,186 -caldura specificd a apei  [kl/kg grd]



AT =15C - diferenta de temperatura [OC ]
SULZER | K6SZ90/ | 6550MC
5RT-flex | 160A

58T-B
Vo 82 275 56
[m’/h]
Ma.cil 22,7 76,39 15,56
[kg/s]
Q ac.cit 1431 4796,53 977
(kW]

» Fluxul de energie termica evacuata
cu apa de racire pistoane:

Qraapist = mmpist Cy AT [kW] (1 1)
mapiss - debitul masic al pompei [kg/s]
¢,=4,186 - cdldura specifica a apei  [kJ/kg grd]
AT =10°C - diferenta de temperatura [OC ]
SULZER | K6S790/ | 6550MC
SRT-flex 160A
58T-B
Vo ® 200 *
[m’/h]
M a.pist * 55’55 k
[kg/s]
Q rac.pist * 2325 *
(kW]
* - rdcirea pistoanelor se face cu ulei

>

>

Fluxul de energie termica evacuata
cu apa de racire

injectoare:

Qe = Main ¢, -AT  [KW]  (12)

Ma.inj = P, 'Vajnj' —
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[kg/s]

(13)
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¢, = 4,186- caldura specifica a apei [klJ/kg grd]
0, = 1000 [kg/m’]

AT = 15°C - diferenta de temperatura [grd]

SULZER | K6SZ90/ | 6550MC
SRT-flex 160A
58T-B
V a.inj - 18 -
[m’/h]
majnj - 5 -
[kg/s]
Qraainj _ 3 1 3’95 _
(kW]
3. CONCLUZII

Racirea motoarelor asigura anumite temperaturi
ale pieselor in miscare, realizand conditiile unei
ungeri optime, mentinand jocurile normale intre
piston si cilindru, si protejeazd unele piese ale
cdror temperaturi pot atinge valori la care
materialele din care sunt executate nu mai rezista.

Organizarea rationald a procesului de racire
influenteaza sensibil performantele dinamice,
economice si de durabilitate ale m.a.i.

Pentru a preintdmpina racirea insuficientd sau
excesiva a fluidului de racire, acestea aviand un
impact dezastruos asupra functionarii motorului, se
acordd o importantd deosebitd proiectdrii si
calculului instalatiei de racire.
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CONSIDERATII PRIVIND IMBUNATATIREA
BILANTULUI ENERGETIC PENTRU INSTALATIA DE
UNGERE A MOTORULUI

Florian VASILE, Dumitru CATANA, Ion SERBANESCU

ACADEMIA TEHNICA MILITARA, Bucuresti, Romania.

Rezumat. Lucrarea prezintd aspecte legate de importanta ungerii mecanismului motor si a instalatiilor aferente,
precum si elementele instalatiei de ungere care influenteaza bilantul termic al motorului.. Pentru exemplificare s-a
determinat cantitatea de energie necesard ungerii unui motor naval, folosind documentatia tehnica.

Cuvinte cheie: bilant termic, cantitate de energie, ungere.

Abstract. The paper presents aspects link to the importance of lubrication of engine mechanism and afferent
installation and the elements of lubrication installation which influence the thermal balance of the engine. For
exemple were determined the quantity of energy necessary of lubrication of a naval engine, using the technical

documentation.

Keywords: thermal balance, energy quantity, lubrication.

1. BILANT ENERGETIC. INSTALATIA
DE UNGERE.

Fluxul energetic produs prin arderea
combustibilului se transforma partial 1n parte
putere efectivd si restul se evacueaza prin diverse
cai spre exterior sub forma de pierderi de fluxuri
termice. Modul de repartitie a acestor pierderi
depinde de tipul motorului, de felul ciclului, de
conditiile de functionare si de puterea dezvoltata.

Bilantul energetic exprimd fluxul energetic
intodus Tn motor prin arderea combustibilului in
cilindrii motorului si diverse fluxuri energetice
care se produc intre motor, consumator si mediul
ambiant.

Prin bilantul energetic se intelege repartitia

fluxului energetic disponibi Qdisp intre puterea

efectivd si diferitele pierderi. Ecuatia de bilant
termic este:

Qdisp = Qe+ Qge+ Qrac+ Qrez (1)
In cazul in care ricirea uleiului de ungere se
realizeazd cu apa de mare , in circuit deschis de
racire, in ecuatiile de bilan{ energetic apare un

termen suplimentar Q corespunzator

rac.ulei  °
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fluxului energetic preluat de apa de mare de la
uleiul de ungere.
Pe de alta parte, atunci cand se utilizeaza mai

multe circuite inchise de racire, termenul Q.  se

rac

va diviza in componente corespunzatoare fiecarui
circuit in parte. In astfel de cazuri ecuatia
bilanfului energetic devine:

Qdisp = Qe + Qge + Qruacil + Qruc:pixt +

| @
+ Q rac.inj + Q rac.ulei Q rez
unde:

> 0 disp fluxul energetic disponibil

introdus Tn motor prin arderea combustibilului ;

> 0,

puterea efectiva;

> 0 @ = fluxul energetic evacuat cu
gazele de ardere ;

> Q,. = {fluxul energetic evacuat prin
racire ;

> 0, fluxul  energetic  rezidual

(evacuat prin radiatie);



disp Qrac cil

Qrac pist
Q rac inj

Qrac ulei

Fig. 1. Diagrama bilantului termic

Procentual ecuatia bilantului energetic devine :

q. + Qge + 9 rac + 9 rac.ulei + qrez

3)
=100[%]
unde :
-2 =34...50;
de =~ -100[ %] Qe ;
Qdisp
0, ) '
qge =——100[%] Qe =25...35 ;
Qdisp
0y w=10..25;
drac =——-100[%] Qar :
Qdisp
0, o
Dygeniei = ——100[%] | u=3..7;
disp
qrez = Qrez 100[%] Qrez = 1...5 5
Qdisp
‘ 1
=C,-0.- KW
desp h Ql 3600 [ ]
: P-c -0
Car = 3600 [kW]
In mecanismul motor uleiul indeplineste

urmatoarele functiuni:

- asigura micsorarea fortelor de frecare prin
ungerea suprafetelor in miscare;

- mentine temperatura organelor in miscare;

- asigurd etansarea dintre cilindru si
ansamblul piston - segment;
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- evacueaza impuritdtile produse sau ajunse
accidental intre suprafetele in miscare ;

- transporta si depoziteaza - 1n filtru sau in
baia de ulei - aceste impuritati;

- asigurd protectia pieselor motorului de
actiunea coroziva a mediului.

Intensitatea ungerii diferitelor piese ale
motorului depinde de conditiile lor de functionare -
incarcare, suprafata de frecare si viteza deplasarii
relative; In motorul termic cu ardere interna exista
frecarea de alunecare sub toate formele: uscata,
semiuscati, semilichida si lichida.

In figura 2 este indicat modul de formare a
penei de presiune in ulei la piese in miscare de
translatie (cilindrul 2 si pistonul 1). Presiunea
maxima a uleiului se obtine putin inainte de varful
penei (diagrama b); grosimea cea mai micd a
stratului de ulei este de 0,001 — 0,007 mm
(diagrama a). Marimea suprafetei pozitive a
diagramei presiunilor aratd sarcina admisibila,
astfel incat sd nu se expulzeze uleiul, asigurand
frecarea lichida. Aceasta depinde de viscozitatea
uleiului si de viteza pistonului; cu cit viscozitatea
si viteza sunt mai mari, cu atit presiunea si sarcina

admise de ungere fluida creste.
1

de ulei, um
B oW s

Grosimea stratului

P, kgflcm?

-

Presiunea uleiului

N
Fig. 2. Formarea penei de ulei dintre piston si cilindru

In cazul ansamblului de piese cuzinet —fus
(figura 3) fusul 2 ce se roteste cu turatia n
plasdndu-se excentric fatd de cuzinetul 1,
interstitiul AB umplut cu ulei va avea inaltimea h
variabila, ceea ce face ca lichidul sd exercite o
actiune  portantd; rezultanta componentelor
verticale ale fortelor elementare ale stratului
portant se afla in felul acesta in echilibru cu forta
exterioard R, ce apasd asupra arborelui 1. Forta R
este in cazul motoarelor Diesel, rezultanta fortelor
de presiune generate de evolutia gazelor de ardere
in cilindri motorului.
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lesirea uleiului
-~

Presiunea din filmul
de ulei

Jocul minim

Fig. 3. Forma si pozitia reciprocd a suprafetelor de ungere.
Ansamblul arbore-cuzinet

In figura 4 este aratatd schema de ungere a unui
motor Diesel cu sase cilindri cu carter umed, care
se caracterizeaza pri aceea ca uleiul motorului este
continut 1n carter. Din carter, uleiul este aspirat
printr-un filtru brut si este refulat de pompa de
ungere la filtrul fin; de la acest filtru, uleiul trece
prin racitorul de ulei si ajunge la rampa (conducta
principala) de ungere, de unde este distribuit Ia
cuzinetii palieri. De la cuzinetii palieri prin
arborele cotit, ajunge la cuzinetii de biela si, de aici,
la boltul pistonului. Tot din rampa de ungere se
trimite uleiul necesar celorlalte articulatii ale
motorului, ca lagdrele arborelui cu came,
culbutoare etc. In schemi s-a indicat inainte de
filtru fin, o priza pentru filtru de ulei in derivatie si
un manometru; un al doilea manometru se pune la
punctul cel mai indepartat de pompa, la
alimentarea ultimului palier.

Sistemul de ungere cu carter uscat prezintd
avantajul ca permite reducerea inalt{imii motorului,
limiteaza suprafata de contact a uleiului cu gazele

TERMOTEHNICA 1/2011

fierbinti scdpate in carter, deci oxidarea lui este
redusa, si permite ricirea eficientd a uleiului.

Ca dezavantaje ale sistemului sunt numarul
mare de pompe de ulei, complexitatea sistemului,
cantitatea mare de ulei necesara. Toate acestea duc
la costuri mai mari de constructie, exploatare si
intretinere. Sistemul se aplica in special in cazul
motoarelor mari, deoarece permite micsorarea
inaltimii motorului si o racire eficienta a uleiului.

Cilindri

poon 1 T N

Cuzinetj palieri Y \‘] \‘7 hd RVRVR

)'—H‘\ '/T[‘ )’—H‘\ ﬁT\ fq‘\ Vq‘\ fq‘\

Raph de ungere

-
Supapa de sigurantd

Pompa

Manometru
* Récitor
-

Sorb *

Manometru | )
Filtru serie

Filtru derivatie

Fig. 4. Instalatia de ungere a unui motor Diesel cu carter umed

Elemente componente fig.5.: 1- racitor ulei
ungere arbore cotit, 2- racitor ulei ungere MP, 3-
filtru bypass, 4- filtru cu autocuratare, 5- tanc
serviciu ulei ungere cilindri, 6- tancuri depozitare
ulei ungere cilindri, 7- MP(motor principal), 8-
unitate filtranta, 9- tancuri de drenaj si circulatie
ulei, 10- tanc decantor ulei ungere MP, 11- pompe
principale de alimentare ulei ungere, 12- tanc
decantor ulei ungere arbore cotit, 13- pompe
alimentare ulei ungere arbore cotit.
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Fig. 5. Sistemul de ungere al unui motor principal

2. DETERMINAREA FLUXURILOR
ENERGETICE NECESARE PENTRU

UNGEREA MOTORULUI

Am ales pentru exemplificare motoarele
SULZER 5SRT-flex 58T-B, 8550 MCE si RTA
84(4).

Pornind de la urmatoarele caracteristici tehnice
si valori masurate ale motorului SULZER 5RT-
flex 58T-B, in timpul functionarii:

» Pe=10900 kW - puterea efectivd a
motorului;

> 1= 100 rot/min - turatia motorului;

» ¢.=0,170 kg/kWh - consumul
specific efectiv de combustibil;
> Mam =274 m’/h - debitul

pompei de apa de mare;

> me =82m’h - debitul de apd
necesar racirii uleiului de ungere;

> Mucge = 115m’/h - debitul
de pompei de alimentare cu apa a caldarinei
recuperatoare;

> Mpaa =197 m/h - debitul

pompei de apa dulce (circuit inchis);
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>  m, =155m’h
de circulatie ulei ungere;

se determina cantitatea de energie introdusa in
motor prin arderea combustibilului, Qgisp.

: P.c, O
thsp 3600 [ ] ( )

unde puterea calorifica inferioard a combustibilului

folosit este: Q; = 42700 [kJ/kg]

- debitul pompei

Efectuand calculele rezulta:

Qisp =21978  [kW] 5)

Pentru instalatia de ungere motor,
cunoscand debitul de apa dulce necesar pentru
racirea uleiului de ungere,

Me =82 m’/h
si temperaturile la intrarea si iesirea In respectiv
din racitorul de ulei, ilustrate 1n figurda, se
calculeaza fluxul energetic evacuat prin apa de
racire ulei ungere

Qru = ’/hC“' Co ATa (6)
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0, =955  [kW]

In figura 6 este prezentatd schematic instalatia
de ungere cu elementele care influenteazad bilantul
energetic al motorului.

Separator
Ui %'C]
-,

Ulei evacuat prin ardere
5740C E 4C tubosufanta ﬂ
5moh
| ——
| ——

Cap de cruce
Bmh

| — |

lagére
125m'h

Al

Jojow

C OC OC IC )

185mlh Tanc ulei

15mh

Fig. 6. Schema si parametrii functionali ai instalatiei de
ungere

Debitul pompei de circulatie ulei ungere este,
din datele tehnice ale instalatiei,

me =155 m’/h.;

iar diferenta de temperaturd dintre temperatura
uleiului la iesirea si intrarea din si Tn motor este AT
= 10,6 °C. Rezulti deci cantitatea de energie
evacuata cu uleiul de ungere.

Qu = m”' Gy ATu (7)
unde c, este cdlura specificd a uleiului si are
valoarea: ¢, = 2,093  [kl/kg grd]

Q, =955 (kW]

In functie de puterea motorului calculati la
anumite turatii ale acestuia se pot determina
schimburile de energie dintre consumatorul de
energie si mediul exterior.

Pentru exemplificare s-au calculat cantitatile de
energie evacuate prin racirea motorului, ungere si
caldarina recuperatoare, rezultatele fiind prezentate
grafic in figura urmatoare.
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Fig. 7. llustrarea pierderilor de energie prin racirea motorului,
ungere si racirea gazelor de evacuare pentru motorul SULZER
SRT-flex 58T-B

In continuare sunt prezentate tabelar valorile
fluxurilor energetice evacuate cu uleiul de ungere:
» Fluxul de energie termica introdusa

1n motor:
Qdisp = Ch : Qi [kJ/h] (8)
. C,- 0,
= Zh W 9
desp 3600 [ ] ( )
g%zﬂEeli 8550 RTA
SST.B MCE 84(4)
Qaisp 21978 | 17337,74 | 26854
[kW]

» Fluxul de energie termica evacuata
cu uleiul de ungere mechanism

motor:
Q,=muc, AT [kW] (10)
P, =900 [kg/m’] (11)
e=p Ve——  [kels 0
=PV sgog e (12)
ggIT‘Zﬂ}ili 8550 | RTA
ssrp | MCE | 84(4)
V. [m*/h] 155 250 242
m., [kg/s] 43 62,5 60,5
¢, =2,093 [kl/kg grd]
AT [grd] 9.4 5.5 4.6
0, [kW] 955 720 562

» Fluxul de energie termica evacuata
cu uleiul de ungere ax cu came:



Q.. =muw-c, -AT [KW] (13)

u.ax = Viwar-—— [kg/s 14
m Pu 3600[ g/s] (14)

V w.ax - debitul volumic al pompei de circulatie ulei
ungere ax cu came

£, =900 [kg/m’]
¢, =2,093 [kJ/kg grd]
AT =2 [grd]
SULZER 5RT- | 8550 RTA
flex 58T-B MCE 84(4)
Viar ] 6.4 ]
[m*/h]
fnuﬂx - 1’6 -
[kg/s]
Qwax - 6’7 -
(kW]
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3. CONCLUZII

Pentru mentinerea temperaturii pieselor intre
anumite limite este necesard evacuarea unor
fluxuri energetice care depind de sarcina motorului.

Caracteristicile de exploatare ale uleiului de
ungere sunt influentate de variatiile mari de
temperatura, fapt ce impune racirea uleiului si

menfinerea acestuia in limite reduse de
temperatura.
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