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ABSTRACT

This puper describes experimenial procedures and 1echniques adopied for
conbustion aralyses dismng the testing of burners for industral applications.
The sests were corried o in the Combustion Technology Laboraiony {NTC)
ol the Universily of Fortaleza. The NTC facilities are compased basically of
experimentul iesting hall, a momitoring reem, & chromaogriply lehormery
ared o deling and simulation stodics room. In the lab lesting hall is instalbed
airst bench compased hasically of the following pets © o combustion chamher
wilh mominal thesmal capacity of 1000000 kealf, two fully instnimnented
ginsund air supply seotions, 2 gas analyecr for cmassians measuremenl, a
panel fur moniloring of waicr supply o combisizan chamber cail, seouling
e fur hes delivery of combusthon clammber, A data aogquisiton asd control
system is available with all the bardware tools for manitoring ol the combuostion
process, With all the aeyuirsd measuremends of empersune, Tow pale,
resSUre k. Cirission, eic. thi First Law emerpy balanoe approach was used in
arder i evakuaie ihe cambustion efficiency of twa differeni bumers with
JTR.000 arwd 403200 keal nominal heat power, Analysis of preliminasy
mesulis ablvws representing the barners efficiency uocarding o differem air
and fagl operating conditions. The experiental dota obained are also
commpand wilh smukation nesults [nam the mudelmg ol the combustion process,
presenieid in araiber article Bnked with this work, where o discwsseon of sich
cnmpartane s made. Fulure studies will be dedicabed b the devedopoent of
improved efficiency combustion sysiems for indusirial und commercial
applicatbans,

INTRODUCTION

Combustion and its control is a primury impaince
the survival of our plapet. Basically almost 800% af the human
gotivities on earth relies on some kind of combustion process
an fir cxample. the generation ol eleciricity, ransportation,
industries, commerce, and services. On the aber side of the
benelicial sy of combustiom there is the associntod |'|mH¢r|1
afenvironmental podlution. The mapor pollutanis produced by
combustion are unbumed angd P{Irliilﬂf b et h:,.'dm\:arl:ums,
niwrogen oxides, carbon monoxides. sulphur oxides and
partivalales under various forms.

Giovernmenial regulations on emissions standord are
being more and more siringent, depletion of fossil fuels is just
o A2 rear-marmor, Ancd the |,'||r.|1;||.'li1:'-1:n:s.-:-,-::-r thez glhishal new
arder demand scicnrists and engineers w0 be more focused on
preublems of combustion
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With the above related sitwaton on mind, the University
of Fortaleza through povernmentul help constructed the NTC
(Combustion Techmedopy Laborasory) a laboratory sere the
present work was carried out, The experimenis: described
herealier are related watk indusireal bumers performanie Im,.ting,.
and represents the stamup on rescarch activities o the NTC, in
the ficld l:sr:p]i'um‘l combustion,

Two burners were tesied for different operoting
conditions, using an experimento] eombustion chamber. The
experimentnl testing data was used in order 1o evaluste bumers
clficicncy und emissions characieristics, according o air w
fued ratin,

Analysis of the acquired dato and computed results ane
consisient with theoredical expacted results, showing by this
Wl thai the methodokogy .:pp]im,! Wil zdhquuqt,'_
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EXPERIMENTAL FACILITIES AND TESTING
SET-UP

Figures | and 2 show some views of the lesting
apparatus ased in this work. The main component 15 o
combustion chamber, equipped with all the accessory
sompuonents and control reguared for burners operation
Adtheugh any pasecas fuel could be supplied 1o the chamber,
only Teguefied petrolewm gas (LPG was wsed in this work.

The combiestion chambeer has u L:.":iﬂdr-'.':ﬂ segtion with
adiameterof LG mm, o height of 2300 mm, hiavang a composed
immualuted widl wily 200 mm thickness, The burnes is mounted in
the inferior segtion of the evlimlneal section {as shwmnin i"lgs
1 and ) being conmected to the gus und air supplyfeonird
racks,
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Fig 2 - General vaew of 1he combastion test bench.
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Tanle | - Main characptisins of the barmens esied

T industrial barners (Fig, 4) were tested according
the prl'u;c.u,!u-.'e deseribed hereafior, Table 1 lisis- main
characieristics foreach bame

A waier beoling coil is availuble rrade of the eylindsical
section ol the chamber, in order to samulate vseful heat outpur
'k coll i compecied with 3 cooding tower forming o clied
witer network.

Al the experimental dota from testing was measured by
a instrumentation system consisting basically of type K
thermocouplos, urbane fhow meters and pressure tronsmiticrs
Al the annlog signals from sensr ransmitlers wiers acgul fod
by & PO hased data acquasition and conerol system hardware

Figuire 5 below, shows a view of the PE seraen developed
within a commuercial datn acguasition and control sefiware, in
oaded 1 assist experimental tests with the combiztion chamber.

THEGRETICAL CONSIDERATIONS

In this work, liquefied petroleum gas combuston i3
considered, Although LG composition consists of cthane,
propane and butane. with different mixtures, o 11 % progane
comipasition wis assemed in this waork. Considecing complete
propane combustion with o siichiomesriy omount of air, the
F;'\IH\VWII'IU_ reagtinn sgualnn can b consiclered,

CHL+ SN0 #376N, — 300, +4H,O0+ (SHATEN, (1)

Combustion oir composition isassaumed 1 be 20 percent
0, anal 79 percent N, {by volume), The stoichiemetric air-fuel

ratio | AF,, ) fisr propane can be given Ty (Turms, 20000
i .
m_ 4,76-5 MW,
AFe oy =|" e YT T i)
i\ Mo, w | 0 oy
wieene,

Engenharia Térmica, Edigiio Espacial, n. 2, 2002, p. 3-8



PIMENTA, J; &l al, Indusirial burners desiing and combrusiian.

Fig 4 - Boamers | {befth and 2 {nehld tesied in I.!'rt-'t'trl(‘riﬂ'ﬂ'ﬂ!-.
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Fig. & - Screenshe of the PC based supeevisory panel.

.-'I.|'-'__II o PropEne senichitmetric ais b fuel mass rakio {15,752)
T

)

o e promane mir (o foel mass ralio in soechiomeing
v

vimadiliis

Lim

MW, airmalecular weight (= 28.85)

MW penparne mlcculor weight (=3012.00 B LD0B) = #4004

iy

The equivalence rtic (99 is defined by the rtio between
stoichigmetrie and aciual pir-fuel rtios as,

= -"J-'r':"_.'.l, I
AP an &l
whene AF

i

Actrepresents the actual air fuel ratio,

Engenharia Térmice, Edigso Espeaial, n. 2, 2002 p. 3-8

Aceurding the vale of o, the fucl-air mixnme may berich ide1).
fean (49 ). or stedchiometric (=1). The percent vaeess akrin
actual combustion systems s obtained with respect w P, by
msking,

f&_=%ﬁ'}-|m ®

Considering an opplication of 19 Law energy
conservation principhe, 10 a control volume incleding the
combustion chaenber, a5 shown in Fig. 6. the follawine equation
can bewridten (Bormin, F9IE),

! &
""r.w'l‘.w + "I"rn: ..u.'l’-'.'..ll. =0, +Q‘oh-r' + z II‘I"Il'l’.' (5
=]
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Fig. &« Enengy halance For the combustion chamber coiml] volume

where, -";r.....';..-,

commbustion sir und fuel respectivelyund {j‘,_, is the heat transfer
i o waker | useful heat |,{1Jm‘,md is the: bt fosses Froem chambe

and '{'-i'.-h'q .r],__mu;umapo.nds i et inpust frem

J
wolls., and E.H’rhl is the heat ouipur sssociated with
=l

combustion producis.
In arger to compute the combuston efficiency of the
biriers (), veeful heat ouwipu §s token os the heal ransfer

rage o waler inthe heating codl [{j" B, I this case., we saimply
have,

_ uwefid heas outpat . o,
ENErEr Nt m, HHY )

In the above equation, HITIY represents the higher
heating value of the ru.ullﬂm'prupﬂncil,mlr k= the fuel mass Mow
rabe. and f_."-'. is valeubatad making,

Q_ -l}d-plr'f_".,'[ll...-_n_?wm} o

where, I, L0 (7, — T__i ane the water volumetric flow
rane, density, specific heat ond temperature difference between
il inlet and tnaalet,

Heat losses from eombustion chamber walls 1o the
surroundings wens evaluated by considering free convection
with ambient still air, The wall tempertune of the chamber, wis
taken iy an averape about 30°C {mox. ), while for the ambient air,
i averape lempernure during (e tests aboug 259C (min.} was
comsidered.

For these temperaturcs, the Grushel mumber is abou
340E", which charncrerizes o turbulent flow condition. Then. o
simplifeed correlation for natural turbulent convection heal
ransfier from a vertical evlinder | Holman, 53} was wed, sesulting
in o comvective heat frunsfer coeffickent of 2.8 Wimd K. With
this approach, heat losses from the chomber are of 873 W, a
guite small value compared with the useful beat owtput (less
than 1% apeos. b

A heat transter analysis of the hesting codl was also
develiaped in this work, Sevenil tests with different wates flow
rates., a5 well as, combastion conditions were made, allowing
us o Investigale some correlation for overall heat teamafer

cocfficient. Besults aboul this are shown in next section.

TESTING METHODOLOGY AND
EXPERIMENTAL DATA

The 1esting methesdology is based in the adjust of 3
nperating comditions = (8) LFC Mow rase. (H) combustion air flow
rate and (v cotl water fow rute. Severd fests were performed
fur diffzrent eperating conditions cumblmng these paramesers,
Fig. 7 helow shows an overall view of the experiments camied
ot with respect to the range of arr and fuel fow rates,
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Fig 7- Adr and foed Mow rate mnges for the tesis,

Bastcully the 1esting procedurs consists of adjusting an
operating conditian, Le., seiting the three desired paramselars,
and Lo wait uniil stendy state establishment. Onve siable
operation is verilied, some time incerval is sllowed in onder 1o
repister & representative amount of data. before changing
nperating parameters for the next testing condition. Fig, 8 shows
i typheal besting run where air and fuel flow e was changed
for different experimentad conditions.

EXPERIMENTAL RESULTS

With overage measurements Tor each steady state
operating conditiens, the efficiency for each burner was
caleulxtcd from Fq- (6) and ploted aganst the oquivalence
ratier () axshown in Figure 2. As it con be ssen, combustion
cfficiency increases with @, and tends o some moximum stable
walue a4 & lendd 10 unity.

Concerning efficiency of combustian sgainst the
equivalence ratics fos both tested burmers, a5 shown in the Fig.
U, its behavior is as expected, that is. lor a lean masiure of fuel
and aig, the combustion efficiency will be lower then the
it efficiency which will be atakned when 9 equak umity.

Tn this artkcle technical details of cach burnes wall mod be
comsidered profoundly althoogh s can be seen in Fig. 9. the
ciambastion efficicocy of the burner | shaows a more harmoneous
tendency fhan the burmer 2. Both are of premised type burners
Hizwever, barner 2 shows.a mese consistent combustion
afficiency than burmer 1. This behavicur can probobly be due
1o the way the nir injected inte the bumer mixing chamber. In
the casieof burmer 1, airenters the chamber in a swirled way and

Engenharla Térmica, Edigho Especial, n 3, 2002, p. 38
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Fig. % - Combustion ciTiciency as o function of equivalence ratlo,

ais for burner 2, oir engers laterally throweh orifices inthe wallof
a coaical section.

Although the main goal of the experiments is the
combustion sludy, additional analysis was considered for the
heating coil installed inside the combustion chamber.

Such data dllow us o investigase pissible comelation
involving heat transter coeflicients, water ow and combustion
enmdition.

Figure 1 shows the waeelal heat liberused by burner

Engenbaria Térmica, Edigio Esgpectal, n, 7, 2002 p. 3-8
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Figure 10 - Uisebul beal outpul change with
equivalent lemperature difference.

againsl equivalent temperature difference {considering
temperatures for flue pas, water infet ond cutlet). Such kind of
representation allow 1o identify an overall heat transfer
coefficient for the water heating enil abouwt 318 WK, Although,
assesnin Fig. %, burner 2 showed a harmonbous behaviour of
cfficiency against equivalent ratio, burner | delivers o more
promounced weelul heat as a function of AT when compared
with burner 2. This behawiour con be influential on the way the
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Figane 11~ (xwgen and (Le) nivropen oxides (right) measared emissians s a functsn of the cyeavalence ratio

hurner s wsed, that s, the way the burner heats the process,
Ui the cose in which the delivered heal must be under sirict
control, the dessgn of biermer 2 will be appropeiated. and. inthe
wihier case, the design of burner | will be recommended.

Figune 1| below preens aview of O, ard NOx emissions
messured during the tests, 85 o funclion of the equivalence
ratice (0}, The observed decrease of osypen presence (o
combustioen prisduces, accordingly & increnses, is in ngreemeni
with hasic combastion theory and simply refleces the change
from a excess si condition {81 oo sioichinmedric one [0=1}.
The apposiie behaveiour 15 also expected for emission of NOx,

From Fig. 11, it is interesting (o see that bath burners
Fave practically the same belaviour i the decrease ol oxygen
cmission, Maturadly the emission of O, as exvess air percentage,
express the needs of differom technologies and applicans
as forexample, sgnowlusl products drying, But in any case for
auch application beah burner would be appropriated. The same
is nat imue when the control of NOx emission i desirable sinee
as can be seen in Fig. L1, the burnes 2, seems to show better
comditions i sccept techmical medilications inoeder 1o reduce
nitrogen oxwdes emissions.

CONCLUSIONS

Atesting mechodology Tor burners efficiency analysis
was presented, using on experimental Inboratory cumbuasiaon
churnber, Aler analysis of the acquined data, classical equasions
on combustion analysis were used in order o compute
perfoemance parameters. The eaporimental results obtadned ane
consistent with theareticol expected resulis, alkowing in consider
the methisdodogy appled as adeguste.
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