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TABLE 14 MajorFired Heser Applications in the Chemical industy
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212 COMBUSTION KINETICS
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41 INTRODUCTION
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42 FLUID PROPERTIES
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421 Density
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Densty is » pint fncton, which means that i must be

pling. The roper
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et m i the meased s of e ample and Vs te sl
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42231 Temperaure Dependence and
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e o T s oy ke

aly.
oo K. Do of o it o s v

Jds i which
izt o

i i tablsr ot ror o uilzion. Al nformton pro-
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42222 Kuamai Wity

ity e o g
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change o momestum betwcen searayes
W migrte

e s s oty s

tion et n iressed mementum
e e o i 3 b s o
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et empral s ave been dveloped 1 rov
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et second s the dimensions fo Kine-
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for any g analysis

4223 Other Units
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4224 Kineti Theory of Gases
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Jume. Theefore,th specifc hat for & consiant volume

e i given by:

= (wiom),

wis)
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representing the oldn-day's fou punch cars The i i

4.2.4 Equations of Stare

i, (3 the

e com-

of
PRl nd e (5 e g (4 dptss
Keiaof i of o paymals. Mo ol

et anges fothe polynomia: 3 high-emperaure
range and s low-t 1 his s the case, e
Common empersture orhigh snd fow s provided. The conr-

mon tempersture i wualy 1000 K (1300°F)
he tecond line comains cosfcioss 4, 1 ds f
cqusions helow, These coctcienis e fo fhe high-
{emperatre range. The thin lne comtainscosic
(o for thehightemperstrerang (s below) nd ., and
o ki o b g e s ot
Goeflcents 10, fo the low-emperar rnge.Equt
for using the polysomial are:

c
Lo v oaT o vat
Geasarear car ar

T L

i)z i

€, = Spocfl hen t consant presue

R = Gascomunt
W Embalpy
= Euopy

T = Tomperare,in degrees K
Ty = Tempersore n prefrrd s (e below)

It should b ottt e e sde of the sbove eqs-

hest, ey, or et on e it
of the gas consan and temperaure. Tempecstre must
bl tempeatre, ether Rankine or Kelvin. Entalpies
and catopis s " e listed in
ot el when

Sored i elevated tempertres (above ~ J000°F or 1100°C)

pra gt s, 4 iy e
e more comman s catons e reviowed. ong i
comments on possbe liniaions. An exbasie wview of
ey typ of equaion of st i beyond the scop of his
o, e et
Model et L ox Vin
nformation on diffrnt cquations of s, and addiionl
nformation rgsntng thse that he bea summarizd below:

4241 Mdeal Gas
The e gas L b he fllwin fom

s wm

P = G resre
V = olume under consiersion

r = Number o moles

T = Temperuure of s (sbsolie eihr Rankine o

Kelvin)
R = Universal g cor
D,

1545 b Tbmole )
Lo86 Bubmole R)

i lionto e sbov om i bt s of e csin
e ity he st 9 s el e

(o sy by maliplying by sl welght (W the
equatonbecomes:

W

em (RIW) i

s el the specie
e iy el g con ST
molecula weightof the spcilc s

rom the Kinetic

desvation st (1) there
nd £ a collons e elasic. The ottt oy gaes

by incuding rdicl spcies (s in he NASA equilibium,
ol o by modicaion of e ool s 0
sccount for he e

extemely weful, Unforunately. sses 00 a0 alwsys et
e two staed ritra, which gives i lemaie e
i of sate discussedinthe following ssctins
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4243 Redlich-Kwong Bquation
“The deselopment of cubi equions of it sared rom the
Redlich Kwon eqaaton i he flloving fo

i w2
VB b e
whersconsants, i and e detemined from il tmper-
atures and pressices 2 shown

#re P
0 poomes T wan
7 =

Inon g ks ot ot o k.
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Tl

2

2 b Zh

cept e the i poi the Redieh Kuong equation
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43 FUNDAMENTAL CONCEPTS

431 Hydrostatics
4301 Manometry
A manonete s n e il e dpcmct

e v i o 8 it e ps
s g o i, Eouins (426) s (21

o e petare o a1 s v o e aths pcr
ers o esch ide of the manareer

Pehtupeln-hhen @20
Pebtutoklash G2
whre s the secifc weightdened s = . Subrocing
(427 rom B (426) ives
P Bom (=t =t )
e he spcic veghtof i s sl s compared 1 e

specifc weigh of waer Equation (428) can be writen o5
T
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== wm

o quaton stes ths th diference i

L
between poins A und 81

5 ak

BBy =105x624

An clinedube mapometer can b used 0 mprove the
accurcy o the pressre reading ascumpared 0 the vetcal
e manomete Aniclined manomete consiss of s ube
ericned a3 sope, s shown i thellsirton in Figur 4,
“The presare differcnce betwoen piats A and B can b it
e Eq, (430

vt o e S P (L tfre) a
o g i

e i . s o i it S
pdisciinypipey kol et | B v ol

U-ube and inclined-tube manometers. £t s
A e manomeeromts of  besaped e o -

ofa Ut e n i i, v, et )

in the U-tube manomeler, is used o measure the pressure TuoSing.
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i e o i v o
A4 s the volume

FIGURE 47
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— m)» 3
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e iy 189 I x 294)
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i atached 1o the ground can be writen mabent

=t

sV 30
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loon. Notce hat he presare foee created 3t the
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FIGURE 48
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of e alloon. This example il b helpts when discusing
draft Soction 4313,

4313 Draft
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e fred ot D e the: e il
v e amoper nd e i f e e
ment at o patcular levation. Since both the smospherc
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[
2
e @
: Flw}ﬂm C r}J

et f s S s et
ofthe flue i s the standd temperatre o G0'F (16°C),
il bbb

o s tcnd sy ot 0 s e
prss

mospheri prese,
will move. The diference in

e liguid in the mancmeter

A B

FIGURE 4.10 A small packe of i s fom s
Ao point

1 " When cording draf i s o ccesary  place:
W minus g i frontof the mmeric vale, Cstomaily. it .

432 Bernoulli Equation

e verticalsack have 3 lower specc weight than the
otide it The ence n s weight of e e e

ur 410, malpacket f i fows from piat A 0 oint B
long ity path, Neglecting fcion . thre s el

venically upaed. The buoyat fore s equal  he product
of he diffrence in speciic weights ad the heght of the
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bl sher

e olling.
ettt ety )
o el e
areazov|espal-o @
e

o 8
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pecfc weigh i

he tempersture of the
et — oo e s el

"
"
v=
€
= Helght o i packet
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4321 Totl Pressure vs. St Pressure
Ofen, the poteial encry e neglected n the
ahove cquation, which eseis i s the pressure er and
e veloiy tem. The combinaion of these two s s

“h specfc weight of bt o gas can b calculed 55

follows:

2P et A, bty e
s the ol presare los of 4 sysem i order 0 prvent
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e itk iAWy € it
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L A ot gy

et s s et e e st s e
el press
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whers P s the ol presa, P, the st pressue,and P,
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pressare where te s velocity i zeo. Thereore,
presare of th vesel i oiously | i (7 KPag). Because
e yeocity of the ga nside the vesselis o, the velocty

must o b e, Fom Eq. (4.3, the ol pressure

4321 K" Factors

Al e s e, e B sqution s

gl il oy ol s s O ety
510 5 . o Sramei o il O

pressure st b grester thn 7et. The velocy prssur i
e can b amlys
e pressare cnrey losses rom e vessel

S iy

4 )t o )

= K{Dynamic rssure) = KB, (440)

must be equal 0 the ol prssue . the pressure sl I

fion were: (1) flow sk a s v, and (2) o fricion or

reading the st pressure 3 that locaton, Therefore, fom

o mat sty the second. Sher stess wise when o id
2

st pressure. For
e e headereads O3 ps
(6P 10 the ol e G
veoctypresare eguals 0.2 st

ofthis book. Experencehusshown s Nennard and Sret)

ll b proportonal o the
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ity commonly wilized is K" Vaues o “K" o diffsent

sty hre wil

T, el it o e e vl ol e
n the presure vesse. One can measire the

D s o s B e s
e et e s e e o P 1 T e

and
in Jelohik In the Heraure, these consants are ofen
e K tactors.

4.3.3 Control Volumes
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oo for e o The i 1 At e
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prssur n o gas st can b caeulated as follows:

@

where i the densiy o the Mlowing ga, 1 1 the velity.

e itonalconsant. Equaton (439 s wsed
Chteasiely when dtemining thepressare drop through are
and bomersystems.

o genera,there e w0 typs of physial quanites of
ioeret extensiveand ensive. For  gven volume, exien-

ive propetes descib the e volume, They iclade:
Tosl mass - w
P -
JrTr———1
Enbalpy -
Fnergy - E

Envopy 5
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Mass conservatin

4333 Energy Conservation

e o o o e e f
fokspinip oo
st ol i
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s ha hapren
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¢ g i s £ it e
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-0 an

4331 Mass Conservation
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ol and
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LT ——
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4332 Momentum Conservation
()

3
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v (W)
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pencdyraploes e
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B 447) s e B ot stes ooy N

ough the boundsy o the contol volume, The product of
ey velocky. and ara i the mass low rte. Thos,the
equaton rally rpresets the mass ow in and o of the

phcacnca i he il Crmlaton Narros

sl s it o P Pt o

e e e
o ot &

The boundry s called the contel surace, or CS. The

eoce o provide insght s the meaing ftho eqations, o

only the
S e i for clclation o, AD exaple of

O conceptua level, the equatons of e st parisl

of mas s given by:

e

“The asocite it property for mss i simply one
o

comecvution o mass
consrtion of oty
comertion of cersy
comervition of
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e e il

« Sy

A foav o [o0-ai @)

a,['MV 1[»
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mass n s mass . Thos o st
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-t and ncommpres-

(0588t e = (M5 000

For consant velc
hecomes

sctoss any opening, the.squaton

(oav) = pav), 0

it bt point much g than the ol ength e
Each of the conserson pancipls s discussd i trn.

on of conserat ded. st gaied o
the conservaton of s dervaion wil be ge
appropriate for comservation equations, Deals wil
e referencd. s appopr

4341 Consrmtiont Mo
Figure 412 s an ealizaion of a sl
Yo Tt agli re
uilzeds howees,the

Herentl” contol

qual he amountof mass kaving the volume plus ey mass

scen. Aion)exmpe o e b e ot i Fox
nd VDo P nd P gl of e

contol volumes such tht al o pt of the surfces iove.
Reguired modificaions e outined in both Pnton 1 Pt
{erand P

L e

Alof e v
o et T et

e i going to b the e of the face, s the velociy.
times the densiy: r in cquaton for:

Mass flow through s fce
octy camponen) Face area)Densiy)

From Section 4.1 it observd that te diferentl vol.

Xdietion fo snaysis, s shown in Figure 413, st in
ihe following
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1. e dnts o s s ey e
APt el iy (80 Doy e el

cquatons
56
an
‘where €, = the hest capaciy t constat pressre, . = the
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6.1 INTRODUCTION
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ey bt o e e
o et g s v il 1A U, B s
ronmental Protection Agency (U.S. EPA) report identified -
Vepmtpbaburiibalo sl IIORORY
S | G o s
et s empair o o
A Tyl it feia Find: NOx at 1‘7«-0 nnndw hmu
bl I

in efneie s iven n APE 60, secion F.102.4
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Petrochemical Industries
The Wesern Stes Petroleu Asociation (WSPA) ad the
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FIGURE 6.2 Garvon of acid r.
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621 Theory
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CHEMISTRY OF GASEOUS POLLUTANT
FORMATION AND DESTRUCTION

FUEL - NITROGEN MECHANISM

Schematic offuel NO formation pathways. (Adspid from W Barck and AF. Saofie, .. Fosl Fuel
stion: & Soure Book. John Wiey & Sons, New York, 1991

e 65 shows the predicied NO as  funcion o the
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Hasted Probe.

FIGURE 611 Sampin sstem schematc s recommended by the U, EPA
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Predicted vs Measured Exit NO Levels
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prcicion Measuted RMS veocies show some disagree-
ot with pedicted alue. This discecpancy llsttes the

s the aplicabiltyof the PCC
tany m,a emperature seacting o sysems such as com-

9226 Modling Basis
The imalaton esuls of reacin flow sysms sing FCGC
sftvarear bved o o i ssompicns
1. o et s rom e rescor (0 bt os s
opeston)

g effects. Comersely, the secondlni,efeed 035
the “fat<hemisy” it oceurs when:

Dase o2y

I this case, the eacion toe 5 very short (s escions)
st 1o the mixing e, Many chffsion flames
approvimated wel by helser mi.

rsstontime sales

i 10 ininitesimlly tin ayr, commenly refered
55 0 “Meele” o “famesheet™™ This astmpton allows
ame chemisry o be approximated win locl thermdy-
numic equilbriom withow sigafcast errr. Welbkoows

The it ssumpion, based on the Crocco simiary” i
i forcaes where hera)dffson nd mass ifusion

equal. Some Knowledge el 0 the ol ractor eat load
ond the et best hoss s specty

Da=0l)

024

e, st chemisty must be coupied with he -

T fration i thn extractd qualy Fom och discrte com-

musebe ncudd i the Kiete scheme,global mecharisrs

sl low loca tperatre egion while yieking s

et mperaurs,

ture combustio chemisty,suggetsthat e UBMODELS

Kinescs e suficienty Imm‘hlgmm\mn‘ncmunuml e coent stste-ofthe-art approsches i modei

T commonly ol 1 the B | chemicl fumacesare deseribed 0 hs ecion. This s 0t =

s i bt B e iy

comprehensine discusson ol of the avalable models a5

Tty ot et deme by e s
o il comelvif) e e,
e e St mambt Do

(021

e i heburing velocy. [ i th reaction zone hick-
e, 1" the urbulence ateniy, and 1 is the rbulence

models e commonly wed i modeling furces. While &
ol e sudied in acs

curenly being sudicd at the
devciopment” models will lead 10 mproved combusi:

been dentified  The it refemd 10 8 the “fosea” limit
Da=0, oz

T his case, te raction e () is mach lasger than the.

e e e umberof pprosimaticnsimlvod i -
eing comistion procsses i fmaces. Bven in s gs-rsd

lengh sese (e charsctestic dimers
combustion chemisry f he formace ivolves s 0 e

How tine (1)




putationsl Fluid

onesond o severt seconds, Raditive ossporfroma o

bl Pope’ nces ha the sppeal o LES in nonrscting

epertre dependent i heprimary oode of best e

{5 v imilar cxpectaion. LES does hve the advantge of

< importnce. The uselencebenisry imerition s

veraged models, bat any il poblensremaln 10

s

e gsomenics of the bmens wsed i these frmaces s

oston modelr. DNS ean b cateporically neglcted foc

e designs is NOx redction, and this lds
e mone. s o geomericlly comples, Added o the
e comply s e el el e -

{n xcessof cumentcomputaonal esoares

992 Ralaios Models

ey for veducing NOX smissios from pa-ired | Typial pei e ot of o ol esion
sl ey ot Saction. These regons
A — o

This means that 0 mabe bumer with lower
Coisions, e has o make 3 ubulent flame tht s

emperes her than
200° (1200°C). Radant beat is ncdent on the proces

ubes,
frm e g, Acute modelin of e et drd 1
e

s are typealy poo

i NOX
v, e i the quaniative NOX predictions e poor,

proces
vty e e s n o, s e
tion o radis

sl For exampl. the resals of 8 CFD aniysis

it oot

e vl e i of e s i o
. When

bk,
s o i e et S
< ange of opeating condions

s hat were el by i
Thecmal radivion tspon it proden
el e et s The o

oo KT s i caspon 3
mcning, i st . To =
LR

[uiekissm, 029

an,

Radint sty i  fantion of locstion (e coonintes
s - dimension problem). dicton (two angula nde-

e - and wavsiagth (o independens viciale
e 5 Tryin from 0 1 ity This mcans tha w

1 Solution Algorithms ot e o g

1) Nk Sk s e Kk | g el st sl angular

Fare:) svraged pecies cquaions, and the | dependence can be rested by angular disceization sich &

e el equation. No disassion 1 given bere of | in the P-L methoe o the discrec ondinstes method, Metbods

e s Hnte-volur i

N1 LES may Bodh the 21 and

s i the ot e ncresse in | dicrete cedis method spproximate the anular depeo-

i the ear ur, but ot prsen
et B gy

e of ot of . To Mot oo ot



208 The John Zink Combustion Handbook

il bl of bt oy ol el
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9.4 SOLUTION METHODOLGY
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APPLICATIONS: CASE STUDIES
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URE 99
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FIGURE 9.10
moic
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Suface 1 shown a5 an ndicto o the lame shpe. This sufac i clored acconting s tepertre (F).
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FIGURE 9.12  xerior eomety of frnace ncudod in model. Th suface mesh s s showr,

FIGURE 9.13  Burmer sometey. Th scid swi vanes e shown i e the s e vanes e shown i reen;and e
St et p s shown i prle
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FIGURE 9,14 Oxygen mass fracions viewed from the shove the frnace. The contour sele s logaitini. The mass
v st contored on the idlane of th fumace

FIGURE 9.15 1,5 ol fscions coniourd on the mid-pane of the fumace
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2050

FIGURE 9.16  Stoichiomeric s sufice coloed by temperture () forthe sl bomer desgn,

FIGURE 917 Stcichiometic iso-srfscecolored b temperature (*C) for e ol burner design,
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T vew shows the buner gl and the mising

Mid-plane o geometry colored by temperstie (°C

GURE 9.18

SURE 919



314 The John Zink C
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Muthane conceneaion prosle (ppmm)
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FIGURE 922
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FIGURE 10.1  Fire caabedron.
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FIGURE 102 Tube ropure i a frd hete. (Couresy o Buteror
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il evenaly, No mater bow well e

mmm" i vy e conle o e o
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of ey wil fil From e 0 time. O S
ool gl oG onlsysen s
frof one o cven el compomes il ot e &
sy e i s e
il e wm v o o e
For example.

shances at the speedometerevery now and then and adjsts
oo pvition s ecessary

fow down in o

ihe operaing pont becanse some
Happen and oae necds 1o prearefo it.Feedforwand i comn-

0 will ot kel case the il switch contcts 10 (o8
open. T design  ale sy, the contrls ngincer
choose and vl the sensor 501t whenan la o
s prsen, the swich contacts il pen, Thus, the sl
condiion cocides withthe e mede. 1t

sensor could il and he contol sysien would il thisk
veryhing was mormal and et o keep opersing =

e vl of comin i v B In 0 s
desniction sysim, what Happens i he wase flow sudinly

I addton 1o snsoes, il control elements lso b
e modes. The controls enginer can usally select e
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PV Flowvaive.
FY Fiow Relay
FIC - Flow Indcating Controller

CONTROLVALVE
(FINAL ELEMENT)

FIGURE 125 Feedforwied ooy
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e will e closed (5l shut) pon Lo of i I

“The design of combostion sysems n the United Sals
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i enance sysem safr.
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2.5 Agency Approvals and Safery
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prevntin explosionscausd by spark-
ll s e

concerned about
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FIGURE 12,6 Doobe-biock-snd bleed st

PoweR

204

FIGURE 12.7

Falat nput 10 programmaie logic controler (PLC),

2152 Unsatistictory Parametr System Shutdown
A unsasfctry paraeer forany el iput immeci-
el suts o the st The santrl sysim ypicaly

nin Figure 121

e e sitch o the rely fis. the
pstem shute down,

oo, the ey s amoer conttf seres it il
et i ot o e conts . e
vl o e vt
iy g ottt

ToFigue 12 e xmwwm.mwm
he syt huts down, Even i damage 10

e relays wil shut down the system. This i an exceles
of edundancy, st desen priciples,and e
e design pilosophy:

12,153 Local Reset Requiredafter Sysiem Shutdosn
A e o, by sl conion,
sy s 8 e st o e g e
i i i o e i e T
per sk pom Vo s

iy the corection of the condion thatcaved the shtdose.

12154 Watchdop Timer to erily PLC Operation
1 the PLC logic fecres, a sepsse tmer fis (0 rceive =
expecte s ol o he L and s own the sy




0

mbustion Controls

Rox  C1 CRy Oz CRmx O3
o
IGNTION
SOURCE

St sring

FIGURE 129 Typicl pipe rack.

216 Pipe Racks and Control Panels Typial ool pescs e shown i Figre

Figue 1211 shows the inside o e arge contlparc. he
st combosion ool sy, wo o asembies [ 5 51 L ST B S e o LT
devces on the pipe ek, 1 el s the el devien, e
onnected e controlpane.Thecontrl sysem

el
e oo e . il st | sy resides i the conrl a1 s (0 e
witn, msicnance,and roubiesboating beneis catoned
sbove, antbee benci o packagin the contol syt 1 Gt

it
he comibuston proses fod uch as i (el wd waste
and control clementslocted on the pipe

roubishooting o con

e ther st

. This makes e and J and bt e

jent 4 reduces the aount und complexky of wiring
lof the componenis.

Waen
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FIGURE 12.10a

FIGURE 12,100 Sl contol pane.

i
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FIGURE 12,11 asie he
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s andthe merconnecing pipng. miniizing
o of expensive o blsboosin, and tni

122 PRIMARY MEASUREMENT
cotondscibes  umtrof Gl o s O
et

o rovide the e hetween s

Ao et Beetontls o
e e

ferntdevies s o

Discrere Devices
11 Annunciators

it s cenalzed aarm beoodeasing nd e

o capaly, the ongial cause of the shotdown can
1 be determined

2212 Pressure

e sitches sce Fgure 12,13 and b)ar ssorstht

e eipoin. The dev
i comboion s, ey ar sl ied o o
low fuctgas pressae. They ar normally st 3

s e when n e slan condiion

13 Position Switches

s dovces e

FIGURE 1212

Prevsre siches.

it itegrte hescons and ethe visal dovices, They re

aves, insertabe giters, and othr devices. Poiion
hes sunly ooy s mechaica fnkage, bt prosi-

Ll e cot sy i  vve i g, cne, o i
e

oo g ot sk o

12214 Temperature Swiches

ment such a anks o fame aesters, These sensors gener
lly 80 not have he Tange o s for comstion system
= 10 s sppaons v e i

il expansion of tno different motals geners physcal
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movermsn: The maveanent opens o closes on or mors s

pane, bt s newer systems have everyting locaied in

of contats.
aways preciable. Generally nstllation s open con

e seamner hows
O ki ik e s 1 pOBINY O th

12215 Flow Switches

he sgnal wire from e it It e sparie wires
 scanper sgnal.they e o i s

Flow switches e sensors that e
o ductn whih flow i measured. Because o he lack of
e readout an the mproved relabily of anlos
ramiters i this sevie,these devices s becoming ese
common. Thei e mode i not siways recicable. Usoal

12218 Solenoid Valves
Solencid. valves are tumed on o off by the prsence or
fenoid vave

awich s n the
atam condiion. hus ey coil that ks mesbanically (0 alve dise e
s, Encrgring the solenid causes he Tikage 10 push

16 Run ndicators agins . speing 1 reposiion the valve dise. De-cergiving
e e e e e

ks Nl e i
i

[T ———
o that shows tha the syt s functoning soenally and
moving i,

12247 Flame Scanners
Flame scannenssre crucial 10 the sfe opraton of 3 con.-
bustion system. I the flame

combustion enclosre i stopped and the area is purged
o gt can b sty s come in
e e S L

d teee-vay valves
o Ty s o
el o of T

Tovimy e et -

wich secton of the coecromidesged | o, mment i s llove o i e SOV
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artame | 50V

trviolt radiaon and cmi a Joded falre postion. Th falre modes of he solnoid
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R cominsn. W e e sps, the cure sap. | sy st o aer whih compone .

ond dely,to minmize spurious ht

owns, and then 1 designe the 12219 Tgnition Trans

e ot e e e e

pition ranstocmers supiy the igh solage pecesary 0
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o scunners i desrable i here s st s, sch 55

e thepi fame durng sy
{em ightff, Th tpe of tansiommer usually used
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be,
{hen continusy jumps te spark g3t h g, which .
e

wlly s They
of flams o e of the slf.chesk, Usully,te con

ocoed
provide a more tens spark. A igh-cnrgy g s similr




Combustion Controls

e 10 stor ncrgy s et spars, esaling n

e igies using couxal cable similar 0 the spark pl
e e can,

Analog Devices
Conrol Valves
ol valves are ong the most comples and expensive
mponents. in any combasion conol sysem.

e used_ Contol valvs st be g
sl preumatic
)

Ao Fipue 214, he e of s and o

Jecion process. A ypicalcoirol
sl camponerts that e mated togther
<tore osallaion in the pipin sy,

Conl v Bty
BT e

cusion of parsll posiioing descibes how controls
e e el s sy v gt

sy for system co

tuator suppiis he meshanicl fore 1o postion he
i for e desired flow ke For conol splications, i

FIGURE 12.13

Percent Flow.

Percent Open
FIGURE 12,14 Conto vl charsceriis

1 of e g i e o o b e, Tw

e single-acing, with cotrol s s n oo

prossure o pis .
i e o il 10 10 3 e s
e cosedfor el valves,open foe

e o, v s 0 the

3 CurmenciosPressure Traniducer
The currento-press. il called the 1P
o, st 24Y DC (10 20 mA) st e
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FIGURE 12,15 Tiermocaupic

FIGURE 12,16

enenlly wsed,the spring it the actor foces the vabe
hee g o the cogivee

peciting the vale. Ot

mon ik el et e v ks
lthere s some — solenoid vives i ot s

Mechanica Stops

A iops e s 1 it b o open o shut
ol valve can el I i i il hat o more thn
of i eve entrs  dosrea e, 11 v

ighin i supplied. Afer 4 efned
s il 10 okt e vy s el
and ol ool ol opersion e

1232 Tounierme
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Doy o s e ot
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122214 Bosioner
I o e ek dovie s
the el positon o he vlve s el e dsie positon
salis il el d S

output 0 1he actuoe  ensr e desie

ome Becae the
et g depending on e e
ooy gy e = e el s
i s, Inconts

et 0 400F o

s o b i e v o s el

"

e vmntu il combustion contrlagplcaions e
positioner are slmos avays

R o

153213 Timee s abe

When encrgae, the s G i e

e shoukd b used wih e

12223 Velociy Themocouples

Al nown as suction pyrometes,the design of velocen

bemmosouples e

v i o et ek e

i i 1 e o s he
T o o Yoo e e

conple i shikded from it arroundings by puting =«
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GAS FLOW,

FIGURE 1217 ekeiy hermocoic

‘THERMOCOUPLE

sl pie a5 shown in Figure 12.16, the sesponse e i

in which it s calirted. In ecent yers, thse deiceshave

et L
sprones. Using velocity 2

v vty of ot .k e

e  Mh O of sk n oo et
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A s s M e e i
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26 Flow Meters
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122261
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bt <o

2225 Pressure Transmitters
A presure it s Figare 1216 s sually wsd
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A

i g by, vorics (whifpocts) form and tresk
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oy i ok e e e et

sl ibrton in the i he vibrstion i
10 the flow, Vorex sheddrs have 3 wide range.

s pic, highly reible, and

Ve
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FIGURE 12,18 Presire

ransmiter (ft) and pressre g (rgh)

122262 Magnasc Flow Mesr
A magneic feld, n cuen-caying condacto, 3 el
moton between the two reate an elecriclgencrte. I the
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abily i a0 5 g00d 5 some e ypes
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o e el
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122244
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122266 Turbine Flow Meters
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e i mH cuse the wbe 1ty o twist because of the
Corio
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i the cvoltons reval the cxact smount of flow, Theee
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122274
Niogen onides (NO, NO, e s Cupe 6) e one ofthe

{hers e movingpust, the eers st e oo they
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2227 Anslytica Instruments
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e very specile apiiaton, Unlke the scrsars s
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122275 Con Mot (€O e
€O is aso an s & product of
et T e o s oV
Figu T s o st sy of e
cieney o o comlailow 0 the sombustion syt

123 CONTROL SCHEMES
0 bl ok et et e

s s given elow.
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e waergoio 0t hescrubber

he et pH 10 ewtlise the wc

ot The amlyze sends nfoemion 03 conrollee ht s
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2272 Condetity Analser

T
Jon descibes methods e 10 ool the

mv m\mlhn‘! P i i
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1231 Parallel Positioning

Designers we aalog conirol schems fo moulte vale
oo o i s o i e
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S s S s st o S
vavesfont a single oo gl

12311 Mechanical Linksge

e, W e pH e

Jeaiig s e
e the w0 s

2273 Oxygen(0,) Analer
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FIGURE 12,19 Mechaniclly Inked parate posiioning.

ofthevaves, Ansyical feedbuck o conl foel gas o co-

il ke sl s s vl

el varaions, e changes, and system erors.
Dy ot ol g st
sather than il parameters.

12312 Blectonie Linkage
Eleconically lnked fuelund combustion e valves fo par-
el posioning have many advansges v mechaniclly
Hinked valve. Figue 1220 ilsrats the schere

In the example. 3 TIC (emperature indicuing conrllr)
enerstes  firing e depand. The conole apples an

proper
coeticims .mgam e e
formance pos

i
eschvalve e System losd dow

of the valves mst be of fxed scometsy. Section
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ot poions e e o cores o, Pl

v, Wt posones, e e e
[—

T
s the miimum valv posiion and the sccond value s the
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Sl i (1 s e i i )| s nd s il i for o e T
- gl imersion is | outut 8 spi ranged Thetop Rl (12020 mA) i sed o
ecoan becae he i el apn v | o fol . When bumin exhrmic s equeng
s clsed Fuelstould | quench s

e
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FIGURE 1220 Elcumnicalylinked paraliel postioning.

FuelGon Combuston A

Vb e

FIGURE 1221 A suiton o pcaiel positoning.

Combustion A
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it et
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1 th parllel positoning scheme, s not requied. nsead.
wpo moe is confgord 1> match the valve

il changes_ Forex e contlr utpt mcreases
e o DA |mﬁ¢\,m=mrlmu=rmwm
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P

FIGURE 1224 The required shape of the air vahve
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s o e e it m;mmdunng
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b iy ol My o e e ik
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mulipler gives a fixed tim, & summing
i b el o sl s i i
ow e could prodace  comistion i deficency:
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onypen conten for mulile s soures
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FIGURE 12.25  Fully netered contol s

e

FIGURE 12,26 Fully meteted contol scheme with cross fmting
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FIGURE 12,29 Moliple fuesand O; sources.

Controtler

soarian

FIGURE 1230 Contmiier

il sy, igh noise el will dive divaive gain
il

dietion of contolles cutpu when the process variable

cmetimes be beneficia,
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ments of the same dimeasions, I differences are discov-
ey must b resolved before proceeding wih the
nscalaion work.
e sl e e i o
e and or ess. Any necess ould be o
ey i

15213 Existing Heaters

o e o oo i v
and any iy coip These imsrctions
i i oo bl et

I —

g o the cqipm
e e g

echuse some eftctory must e be

{sse Figure 152), The varping ey make il o i

s recommendstions

2

Sevce vl

fomars, P 153 i
ik o o el i e oo T

for i sisfacory scalaion. 1 old bumers st be e
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Misalgned
Fioor Rffactory

FIGURE 15,1

o [y e ——————
e o nwaed el
Donut Ring o
(o Causad by Corectfor
sumwongre Voot BumerOpening  Warpage
/
S S e
o | Heater Steel ¥ ’1 3 5
vosorsiool o ol
Mouniing Wounting
late ‘A
RE 154 Do o gt st
FIGURE 15.2 o heater. " e .
L
<t i i

Burner Mounting.
15231 Heater
B ot o s st n iy of s
T desen of the hete, thehester maoufactrer's
o RS VR s i g
e burnes e mounicd. Some monin options e
. onhe oo sl i sty e Figre 156)
- onth wall el fing izl e Figre 157)
+ on the raam.gone. ool s, fing sty down
Vs (e Figur 138)
* s common i e e e A
o e o the e sl i |
© 2 A e e S R
‘tached o the eser s (e Fiuee 13.5)

FIGURE 155

vl e reduction
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RE 18,6 furner mounted on the flo o st

URE 157 Burers mouned o the side of s eser

32 Bumer

T b i commonly atched 015 hete e i 0 of

et e i s b kit
e s o e

10 the s leur, which

i< tached 0 he el g g 159 o brner

FIGURE 158

Buner oo o he b of a i

e
e i b e o e e i
Inbotonof presaized s pebested i froma foréed
e e o e e o i
oo 10 e e Figue 1310

& funcion o he bumer mode!

oo e vy S B SRl i

FIGURE 15,

& common plenum,

iderio, e process wd heser design charactrsics,

Josmpichon Comin s o o

mouming e and e e
R o ok o o, o

rogister and plenum depths should e checked
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cping ssebl 10 deasfy sny possbe roblens. This

klty o e e v o
« heter. Ensue that the roper burers ae alcoted o

233 Bumer P
Sl tomizing medam ipin 1 the barner should
e oadin n th burner connecios the hrmers are

o cun ca

e
Lo = et pic: Al e
independeatly o th burer

with consideraion fo the

he pping should e inled
st o 0 e S ik o s el
Irimum piping rework. Flanges o anionsshoukd b csiod

iping can b sl removed when necesary. I
{10 be nsulted. it st e intlled with the
cessnces 1 allow the cow alled

e ol o ety v e iy

vt cx opening fnctons (e

h,,‘.m ikagmens opeetion s ool o

The bumer iping conections may e ciher threadd o
ropany’s standrds e, There

wld b cnough bty inthe pping tocesily move the
s i 5 1t s cut o he e (o proger

s Sometines e
e et hoses a i fo the burmer fusl connectons o
exible connecoes shoakd

ded 5 he purchasing cor

) whenth piing s connected.

ke the poiioning sser. These T
made f el o meet the e empersturs d presre
v sl dbiy,

ings w0 pr The end connee
a5 of fleine sl hoses ks unss.
The s

e ety ek g

st have . raidd armos conen o s imp

aken i i and o
st ca b the

1 0 void harp beads o1 “Kinks cae

2.4 Tile Installation

i the fchos. It sl form the e hat conirols the

by the burace manufacurer nd shown o1

i hest flo dsehasion

o deigned
e tgoe i

i e R Mty b sl ot D

f the burner, the b e cun b

o s prmsey, sy, i n s caes ey e

1510 s i e o

FIGURE 15,11 Pipingipropedy loadedon the ener

Heater Refsctory

The refsctory on the nsde surface of the hester

provided o ot e e




454 The John Zink C¢

Rolractoryon
e Bumer Tio o
o Ouisice’ bz
| Oiametar AR
/ i
Hotar / Primay Fuel
ol Bumar Meunting Nozdo
Piste
FIGURE 15,12 Crossstion of o b e ‘
k and e reacony
umer s may extend sn addidonsl e placemen.
150 beyond he hester efacory. ernative secondary e sl
et s it s o uumuy o
15242 Secondary Tike i tha case. respon-

“The sesondary e is nocmally the i buroe e attsched
i

i)
eptopsty ety

. I the buoer i Boor-mounied. th secondey e ess
sallmoune,

toker
10 ot Al e st

the barmer s supported by both the heaer sicl and the
refactory vall of th hestr. The secondary e of 3 rof-

132422 T Tolerances

o et of the hee fror.
o b 8 sty s Bk v

dimensional tolrances: the olrances for the
spcaly =05 . (= 13 ). Each piece of e s e

et o s i i o e it

s o e b g 1512 s ot
e o  ound umer e with  mamber o e sectom, | Specifaion. At al e sec

e oy ey o | s b e s P
Because the secondary

ety cog el o o, 0 o
mortae s appled. the il oerances canno b lined o
ot o el

measared i

et ot oo i i o

four dirtions 1 coure that the dimensions o within o

ertica.
Shown o the bunr manufacturer's draving
J52421 e tatiion
Mo conimonty, snufacurer will spciy the
R ot s i s i

he dimension i twolocations o cach f th fong and s
fce Figre 15,

oose mateil s bcekin the hrst.
A dimerions of the teare on te bumer drvin, s

sl

Camecng 0 afcs . whks e b
peaing fo the bumee that spiclly
expansion gap of 0 in. (13 cm) acound e

of lerucs, Tble 15,1 shows the difference n s of &
bumer that b diffrnt e dimension. The low e 55t
istibuton of e trovgh he burer v fncton of the e

peiphery.
e on the:cenerlines of the bumer opening and place

Larger open aras allow  higher o

ot f i than sl srss for the same ressre dsop ¢
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bt s, Tmproper e s st i aldscbotion of st
o htween e bomer,

152,423 T Height

FIGURE 15,13 Sketehshowing  round e messured

Ve 5 ueh more
and e kel to b

Espansion by
T burnee e s sumounded by the heser reictoy, Wher
e burne i e, the e barns oo e the e, the

dinensons of the air flow passage iay chang

dvesely afecting the bues performice and potetally

i B e G

il surtounded by ceramic b beaer reiactory does ot
sl

152425 Ol Burmer Tie (or Primary Tie)
el ol e an el part of o combinstion barn

ccausethey can e combintion of fls.
i or gas. Thi tle s ot i the ceerof the burner
ecomdry e and s ol some disnce below the p of
e econdury ke, These te e often st i o poured i
el i s tha s ot th b Front plte

er 0 mamed

15,25 Connecting the Burner o the Heater
The burme i commonly b

The number 4 sse of bols and the bt
s by the bumer anafctrer, The bolts suppon sl

15,04 Sketchshowing a ecangul e mes-
widhs,

FIGURE
s it ength and

e, bols are mountd ot el surfices
s e comection o e e il it
Tolrances. On heaters s srvice he
et e b w ke ity e poet
o the new e, The diameer of the selected bol hoes
g o el i T o

et i bolding the propertoleances of burer el
1 he et of the ke opening.

insalation o poor burme peformance may resul
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ABLE 151
Dinensions

FIGURE 15,15 0il i in combintion barer soving
il locatons.

FIGURE 15,16  Weldng rod i a0 of 1

1526 Bumer Installation Inspection

sumoonding efcory s pled. cverything mst he
{nspescd 0 confim tht al dimensions and cricttions v
comet In aetion 1 checkin the s s previously dis
cused,te postionsand orinttions of the s s, of .
and plt tip cheched. Any protective e st be
removed s ccessary 1o contn s

o the e,
o e S g .

15261 GasTips
e o e ko et ol o
e carect i onder t it sable bumer operston, The
s e et el S e i
e e g R B e e

e diec othe
et i s
1 YA o e v

15262 ONlTips
Figare 15,15 shows an 6l tp locaed wibin 8 ol e

when he i g i comscty posi

wiiond, Ths
onsdill o s
15263 PilotTip

“The il tip i typicll ocsed loe 0 the s 33 s 0
et the pilo e il cntact and gt he gas diehurged
from the i s The b dawing will
il p Jcaton.In Figure. 1517 the it i ot propey

how the comes

O foceddrat s prehesed fed esters,the comecton
e e b e b e s e

i o v e oo o o
RO e
e e g

in Figure 15,18, The pilo tip s uslly t the plse ofte i
v flame hojder. O spder g i, the pile .
haslipip ot s sty

1527 Air Control
“The mssimum s low across the bumer i primary <co
el by the pessure drop aross e bumer e ot The
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ol s i il e g o

sack dampert), or with dampes or sposd
ot i S I sty et st
sl of exces oxyeen n

Bumer Alr Registers
The comimon s egiier omsises of (o il ples, cach
e

e Ispected 10 ensure operabilty nd
st loos deis s boen e

15272 Bumer Air Dampers
On s éer e, the s reisters st describd have

e Bladets) fn an ampt 0 nininize i Now when the
sl
s s et aionind

A hey sl propely when the i s in the close

15273 Fan Dany
o e i e ey
o el s e s o et o o)
i . Thse re suly muliple blade it withsther
e e gt s e B g i e
ot hox. A slemate design i the et v by ht
mounts drcty on hefan i et

Exercise and check thes dampers for proper fnction
st insallation and attr any epaie of the damper or

FIGURE 117 VYD buroer gas i & ifser ith
apio,

o r;l

FIGURE 15.18 VYD sketch showing th diffve cone
and e ot .

actutor, 1 these dampers 3l 1 operte corrcly, he
ey may aperae withcthe far 100 mech ar or nsu
it
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FIGH

URE 1519 Exunpe i regir

15274 Stack Dampers
Stck dampers s insalle n Beses ssacks 1 ool the
prsse wihin the heater fehoxes, The dumpers may he

Targe mouns, exinguish he flame. Slkds i  liguid fo
Ayt il lg the pavsages in o stomizes and s
“Thefo o piping for s sstens hadling oo, 0 heisie

. The nepaive pressure withinthe fshox at the burmer
e e i ot s g

fuel should be sy, ¢ shown
Figure 1521, This ype o st llowes the o temperstne

or comius
o b s o o Yo
90 o e e A e

on of the damper o
e e o of i fom e heer
1528 Fuel Piping Design

The fue ppin. from the beader 1 the bur shkd fsve
ciclly bumer sce

ity 1 o ey mind e ek
i for ghir fu s with e
concem fr visoshy conm may o may o accd o b
ostd (e Figors 15

15281 LineSiing
oo engincerin design stemyps o cqalize e o n e

fuel Ties ladingfromn 3 common manifold o ndivides

urnrs. ot mmenan and iton ffcts on low

o from the manifold should be considered. Equlizing

e bune flows promotes o lme s and cves

et diriution within the frshos

o heted el i

Figure 1520) This reduce th possibiy that liguks i o
sk sytemor sfds i i el siem will e the
headerand ater bumers. Liqidh fn 3 g buer i case
fouling and pling of he 5 pors ar eiflce e can, n

e bumers doe 1o eatfosses from the piging. The

N.m“ oo e unhured 1o the fel preparation
s fcilies decreases s the amoun of ol bures

T i de pimariy 1 the reduction i the
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FIGURE 1520 Typica
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FIGURE 1523 Typicafol g tps.

st s ool g e combusion 10
oty from th design e, and comburtion problems il
kel occur. Sourves of forign materalstat plo tps and
s clude

. pie st and g o th e s g

compounds iom the fue g2 ydogen e

| o i e o
inhe e
e e e e e
- ndocarbon mits tht vaparize o et i b risers o
ust e
B i rrrogemin g
s 0l e mensions R
iow iy s cend he st dameerby or

e The e e et sl o
et s s e, P e
S rper pronive v, o

mhmd!:\hc mm,.mm..\yw ke T
ot e ———
et Depening o e soncousion. s xn

s A how i et sl b clesae,

11 the material i pie scle o gums, = st dill o the

. sk the bamer part i ol 0 Joosen
e deposi,nd try again Wi the (st drl. Never e 3

e e removable during srvie

s el 0 crlree
e pors: hs il o ncrese e st and s

enifiod by problems bservd daring opsaton o by con
iions visuall obersed widl e frcbos, Many problens
it bsvers devlop beca of rokenor poorly aintined
pars S

ol i 10 e welder' e o gy remone the scal
e eI sl oo st e i
i mus e rpla

Repinsof damaged 1l ae 1 common shutdown e tht
{may b denufied by cbuerved damage o by e problens
Ot el i wiek s e el
mbision o
et s T heldr
by e or il il
cplcement pars shoud be ordered (rom the arigindl
e s 0 i e sy mxm w
ey, Coped s namaly d
s e et
operntion

1531 Gas 7,- uml Onﬁrc Cleaning
The foel s s (s s orifice

o i o e ot i b
e of premisfype burn
the ports can be cleand withn

the mount o deposit n the burer s

o1t
and asocined piping. Note tha nection cleanng
may o clese al o pors cqualy

(Coking o hydeabons o th fue gas s may be w0
severe dha the s must e replaced. Light coking <an b
rmoved ittt il as desribed i

e A o o s e B o B b i
s and combuston 7ore. These ot mas be kept

I of ey e
on vapors nd high emperatures inthe ue line and ip 2=
‘Someimes be removed by souking the ps n o h,u,..m\y

o
16 e ot bocome paraly or copletely pogged, the

slven Toutng
o e et of et o e
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aid s deposs ca b emoved

ore ey e ompouns by oxinion 3
sisncd s

. Many s

opainaisS sy

1532 Oil Tip and Atomizer Cleaning

e ol s e e il 1 lean thin s s and ot
e monsfguent clesain. Tps i gt ol i serice

v oy & lght carbon e

i

1 il servce will sl Bave  enacious . deposi

e st e Tt e b e
o e s vl ol s vl s s s 1
i ox ) o kst oG, Vi

gt on the srfxce
iy removcd with o wire brush, Tips i ey

comes extsme forthis 0 be succestl
An il gun somizer s shown n Figare 152, Thre e
and cam sy

four ors, nd the e i or il spply 0

o orfcs nthe stomizer: o  for s
s thre or

FIGURE 1524 Exanple ofl s somizer

FIGURE 1525

eyt deposi within s il urner

[

Bumer e are diffiult 1 spair and e 0 serice s

33 Tile

pescale tha i el remoned, f vy ol s e s
i, due 04 (robably momentary) presore fnbal-
e cm s i s e o

sty
T b i A e
undergons. phiss trpstoration in sevi
s sl do 1t abere o e i o vy o

etrctory of the tile hax
i reiactory

rove emaining il o sld dposi

Whenremoin the stomizerfrom the il o, the oz

i el careflly 0 peotctthe by sl T

e by o seies of ings on

< e i 5 o b e o
il b

o i it s e o s
Tt s e Ay . pty b vl o
oot mounted e e where he e kel to
o e o e voson el il
i ssctio provide evidence of crushing doe 1o restned

 cn ol e o it i
smsee. 1 s i ontnuin proble, he tomizer et

rimary o o e shoold be checked F it s by
o ki At s it B

e il

1o ol driping 3 spillage fom the bumer Figure 1525
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[T ———
oncot of th e uet o, 1 i s oerved

{he e must b removed and cleas,

FIGURE 1

26 Typicaldiffwer cone

15.3.4  Flame Stabilizer
‘Severl fme sabize dexign e v 0 hokd s bl e
in the combustion z0me n the bumcr. Thess designs il
he diffser cones (see Figure 1526), spl il

Fiure 1527, e ledges. and tapered s . st

e desgns, ALl of these st be npecied,condion and

Replacemet ofthe difiser conecan sy be done ith he
e mopeeton

FIGUR

E 1528 Fuanple of s domged abiler

FIGURE 1527




Installation and Mainienance

5,35 Air Registers and Dampers

i et and e used 10 vary snd conl the

o o e o Do he b piyd
mpers are o sdjoable, e argetd v

<n e e o b mindover e desid

vl of xcess axy-

operation, This i citer 0o much m«m.4=

e e e A e e
< ar.

536 Pilot Burners

e e seseral types of it bumers sed i the process

i e mall bt rlessepre-

e usicparts include he piln tp (poss

Vil vind e ). e s i nd miing
ind the.gas crifi onice

1 1y SRS s ity i
sl T i cleaned by hand with & tise drill 3 previ-
Iy deeribod

gt ) o 12
i should be replaced s Figure 15

e il s equipped with electronic fgniion (e Figure:
15.31),the ignition rod shoold be

he spak e s properly
Check for unwanted slecrical grounds
proper arcng,

e to cnsre tha
ocated fo gniion of the plo s
il it

FIGURE 1529 Exanpie of s dsmaged pio
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161 BURNER/HEATER OPERATION

eser, he buner deaf o i the iference between the
e i the frchox

H
H
£

Eeme e s
ide

s e o . b
e s s e e s i
i s (s i) ol e e
finchox, both o the burne clevaion,

Mot o the proces besters within HPCI operte il &
pegaive presars i th frbos, Becaue the fiscbo is ot
compltely sele. if here s any i eakage i will e utside
i leaking ot the frbos ater than combuston gses

sarup, contiming opertion.  ficiency
e and i sty sy, s och e, e i cae o i ke e e i
e sttt pspely ool e compnon | 3 ST PO RS an v a8

“The most mporant messurements fo safcy conaling
e e 88 (e e 0m S i

st it
{eiperaure. For prope heser opersion, he opersor st

st i fird roces heatesshould cpere with -

caly oceurs ot the rof of th radint section (or b

the fachox (ridgeval emperatre), e tempersre of the
n n the sack.the vl appearce of the
o o o e 85 i m»u he

A comdion o the reiactoy,the pocess fid
1 i ol e i
a0 vt emperaun fo eih pas,

162 MEASUREMENTS
162.1 Draft

v ressre o his poit. rormally ensures a vegative

deugas,one can detemine the dral los aross the corvec-
ion tbe bk

ean b expresed as fches in) of vater, millmeters ()
of s, s Pl () Negeve e o i

oceursbecaue the o e gas withinthe conioed vome of
el ol i
heser tc) i lss dense

. All ober
andir the colder the

w10 the hester, trowgh the b
opening, and the ho e gases 0 flow o0t f he heser

Draf s i the pressure drop of i o e s s i fows
{huough ducts. burnes, hor volun. o i e

Dt e ) i b s it siod
e 1.2 ar with i gauge manome

coperly deermined and made Known 1 he opsaor, 1his
he only dafl that rquires requent onitoring. The s
essures withi. he frho and. convecton ecton wil

eddraf fan s provided,
by adjsting the fun damper o specd.

e bumer i the pressure deop of the combustion i 45 it
Hows throughthe throat o the brver e In sl gt

by sample fn tht sk, are plugsed. o conan watr from,
the products of ccmbastion.
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[~ nches 140

RE 16.1

FIGURE 162 tnlined manometer

16.2.2 Excess Air or Excess Oxygen
Excessaie i defned in AP Standard 60 s the o of s

ichiamerc requircment fr competc combu

e

xpressn as o persatage
o o 08 i o e ke

o 1 ekt to percntage cxces i 15
e 16

50
Corves et 80 Fan
Coneeion o i
omoerre e s okows

o

=

3

Ex

10
S i e e S
0,1n Fiue Gases, %

FIGURE 163 Excess a fniction by osygen contnt.

e exces onygen iy monitored 1o e compite

ol 6 b acionte e i

from the
{op of the s seton (s Figure 16.4)

i scton. The mast comman poiot st the

Becue the heser oporstes under negaine presse,sny
o Al i ok o s i, Teai it
hrough he brners o

e eatr tht docs ot pass
ki i h o o, T S s

o for excess st I thre i nexcess of axygen i he
e s, oo felie mising i the buner, and = i

st s i e s i ki i e o
wcally o
e

The amoust of s leaking nto he

cteater

e that combustion wmm e pot
e xcess oxygn s e

pr——
o sections usealy have oany more soures of i il

Hion. Therfore,sumpling for excess oxyzen a he flue s
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Comacton,
Sacion

“The precding pasgraphs discus he deccrmintion o the

combusion efc

purpose, and for some emisions repori and
sl b e e e

5 Exoee Orggen

FIGURE 164

Location for-

sean o
the fla gase e relesied 1 the amosphere. See AP Stan
dard 360 for the callation prsecre.
Today oxyien aalyis s done with lctroni nsuments.
amlyzers (see Figor

e ektendiite N, teopa
dioxide, hydrocarbons, ad smoke i te fu gas are v
bl When purchasing 4 porable anlyze, it s imporant 10

sz st sanpe line wil b o from he sampling poin

e readings. Porable -

santylaly e et chnber o e o e

most eprescnttiveof the combustion rocess. Th combus-
o proces s what can affce by reister and
sk damper djusiments. 1 the opersor depends o 20
ences oxygen reding taken o the sk, tht eading may
indicte an exces oy leve that does ot exit at the
urnr level Thus, the

gl s sy, T e el

adry” anlysis of he o g, without he moisture
e
Tableanalyzers e wed for “spo” anlyses und i,
bt not il o contingous e g anlyss

esisters,

€O (eubon

monovide) in te e ger

S000°F, altbough the typical sandand consiucion i imited
o about 1500

n oo s Al e o g >
braniies within the comvecion tube
i rchoimided-fuystimsnleg
o inadeguse it flow through the booer, they

a fw seconds, & speed that allowsthe cuput signal 0 be
e for s contol o he ombustion e suply. The

scnsiiy is such that fcl compoiion changes can be
ot shnoet mmeditel: The moden i i oxygen s

Becaus he srount of s laking o the b is ypicaly
o a the somecion ssction,this s whers the aferburn
most kel o o
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FIGURE 165 Oxygen analyzer
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dra can resict he st Tow theough bumer, someties

Thsisabsothe
i e e ol s con

5ane pigenea. e bl ad e ormtin o

s A

el ey

locaton where e dft or negtie pressre) b the
heatris st minimm,

eficent opeaion miimizs i fskin ot the

tr than the bamer. Minimizing the

b e e Al s e e

l}xmh hmmmnnqw(mmmghnpmrw potenialy
. wcakening refactory anchon, creang

o et s s
i coneolld by mdulating the o of e g
ot of s s, sl itk sk s
“The mechamism of conrol i stack damper positionin o«

the drving frse pushing sir thuough the openings that may
o i 1 e e hate: Al aking o the eser i an
o oo vin st i e e

per
position). The dampers e typically single- o mulipe s
il wlm: e el e o s o g« e

sec Figue 162). 3 da gauge, or =

e he s,
e les i ek nt e st The cos o i enking it
the st can b seen by the follwin cxampl:

16411 Example
e e e ke o ool 03 ot

Sk e of TSPF (0O At
s . 10wy 6

selected will b uncson of how the st
i conmoled. [ the drat i comroled atomatcaly. ing +
e it o lctc opene atached
ihe & et (e, 005 in
1425 oo o i s it o
contolied maualy using  manometr  igher drat

Howm, e 1616 i

Cs.010

ool i addioes
e that b 0 in. (13 ) of vt the sl s 17000 | oo provided e sutomatic controle: Suchinfoe
o e LIV is910

Biusct, Using the followig formula:
Quie (161)

nd e cost o S350710 B, e cost o adiionlful i
approximaely $12000 per year. Honce, reducing the. st

exces i 1 he frsbos, proces et o 1 tenperaties
{0 anicpse changes nfing e, ent i s
perure i lrge and rlaively sudden swings e expeced
nputssch s these allow the damper  aicipate he e
ments that will b reqied 1 ol the gt ik
sabilze the burnr operacon.
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14
Stack| 120
3 oratt
2
T | swekoas
£ | Prssurs
Damper £
8| é
Convection 1 comecton
Section oo
w| P
Radiant » Radiant
Section prossurs
wowE
Absolute Gas Pressure - Inches of Wator.
FIGURE 1623 Typica daf proile n s et heer,
4.2 Targer Excess Air Level on ll outof-serice buees, Egualz he i low ol active
s Check

postionofthe fusl

S e B the oxygen and carbon manoxide ke o the e gas and
. on et

opecaion and the srbent condiions all afc the | Nt sy o h s egsters ey on th atve
cvabe gt mer o the common plenum it sopply damper The drfl.
et excess

rcturd procedure. The rocommended procedure for | icand the o gas amouns s owered. recucing he fction
o €404 i level rges fo il e | 1oset n flow through the hate Mesareth excss ygen
v below. The proedures o forced- o blanced st | 304 carbon monoxide in the e gas. Observe the fame
ot e sl Bl ther
<t adus operuion s Adjost the i 0 the
. “Themper- o
Insumens reqired 1 be in goad working onder and

(Contine (0 los he buene i e o plenum darp-
ers i tght increments whilebolding th rgeted raft vel
i yauge or | withsak damper adustment, Messur the exces meygen

ol e e g oneen anayzer, and the csbon mon- | carbon monoride lvels i the e gases eaving the

ers must be octed s 0sample | frehon after cach bumer i regster or plenam damper

sing the radint scto adjosment. The i il excess oxygen level for
ithallposile burmers nserviand. | e hate a he corrnt fring conditions

el composition t eschied when the drat reading 1
e emperature ad presur, seady process opertion, | on treet and any stack damper sdjustment or bumer ir
1 potentisl s {such

o and econded. Clse th e rgisters (o dampers)

carbon momoride i the firehos  exceed 100 ppm. AL tis
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o s it i iy s

input of e e 1. Any further ncrase n fuel wil
o i o) o v i
10 become “ooded” or "ucl ich?” The misimum excess

Wil the targe a5 the e exces onygen s

v, o iy o any adjsmens
eeded 0 hesp the Desceopertng s fficenty s sl
The foveturs i Figuss 1624 (atul ) and 1625

(lored ey il e the opt b e ey

I he opersce or cngineer s any
n combostion and thre i mo carbon monoride Asalyzer

opering busis. For exampe, the opersior can coniro the
prese et s ol

svalble.
e by s he e it s o e
dampers) und Keeping the e X

been determined o be 005 in. of
‘wter i the previou discusion. Th arget cxces 0z

daper. When the frebo e

I o decte n process utlet tmperaure when the
el fow mcreses

he oxygen andthe ral. In 4 foeedinduced draft sy
e forcddra e o the it 0 e ori-drft o

Shoukdbe et 1 10 2% grater han the i prcical

s 0 adjut e xcessoxyen ad drafh, S Figues 1034
ind 16.25 ot and

nygen evel o fo valatons n te fel composiion.
cns.and varitions in fring

riaion in ambien sie condi
i for e et gy spiind o i
Sonsad o sl vt s

i T e i s

Foe this example, the opertor begins in the "START™

sy,
and seady heair operuions with good flame paerns (10

16:3and 164 ot ypicalexces i volumes tht should
e achiened with this proce

TABLE 163 Typical Exces Alr Ve o
G Burers

g ot P

s

TABLE 164 Typcal Exces A Vloesfor
i e

sy et o
Rewi o1

o e o sk i
{he “HIGH box, The flowehare

xcess onyeen is sl
operator gocs 0 he HIGH" b
T st it o dampar o he e
and reun 1o “START?

The drst is mesured again and determined o b
7 in (1.8 mm) of water above the target agan. The
Jogie char ndictes t check th excess oxyzen. The
excess axygen eadingis 325%. The Jogic chart idicates 1
" Reu

e used 0 determine she savings, The forced-drft hesier
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Open A Regsters

Retum to Start

Retum to Stat.

Good Operation

FIGURE 1624 Logic disgram fo uring natorsldraf e

on s balanced-dat et

Wil the vpertor shoud be encouraged 10 cperac 10
o G W M ke ey e

of flue zas and the bridgew:

emperatre, incressing the
o the comes

e well abone the taget, One is mensoned in Chapter
1620 copmeion vith ot ein

Hee, incrasin the excess oxygen educed the
s s fibos s owre e

excess axygen (exces dir) above the

o and genersi more s,
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[ Romwe |

?,
H
H

|

Retum to Start

= [ Good Opersion

FIGURE 16.25  Logic tiagra for tning bolanced-daf eate

1643 Heater Turndown Operation

sare wel abose any ow-pressre tip s, Flaes will e

s from sevice i & sleted patern, lsin i

e tht mainsins an ever
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a9

smperatures. 1f the beate <oniguration allows (ssialy
il ubed) and if b metal. emperures are nearing
o

should e incessing, depending o0
how mch neing of ubes i taking plac. The afeborning

upper i, the et

o) o

In el st et it diffsion e b
exces oxygen can be held ey constant with i egisir
o dampe psments fom 00 capeity 0 sposimely

e ovrbeating Jeading 0 fouling o e
ThC S i il e o i S
sccion shoold be increasing sgnifcanly sbove the design
mperare.

i s i g ety i i,
ssally capate it kel down to

“The aperto shoukd reducete fuc it when bigh b

0%, or even

o et heaers with premi bomers, e exces

Then,cpening the sack damper r e i egses o G-
e shid Now incrase

educed:

bo “with

100%
1005 t0

T g o i 4 sl il 3
primary i mier efficie

1644 Inrptclu»v and Observations
nside the Heate

I5aks. s oty
n observing rerv inside e s, he e
sty e B e o

i the b tp s th fuel i mived with heai. The
L2 o ol e
s, e foe i 10

knowiedgeable vl checks of the cquipment, In most
spplications.

o edge, diffse, o fel p, s i Figane 1626, the e s
When

oo pracice.

and el i

et oud chan
oyl gy o}
Rt S Rt gt T s e T

16443 Process Tubes

sl spocion
e outside of the hete,und observeion of e per-
P iy

16,441 Flame Patiem

evidence of localired hot spos, e displacemen, and pro-

appr
il ek o i i, Do s Gt

oo sabity ol civ brmns. The e, color,and shipe
O the flames shoud be the stive bumers

s deposic may e the resul of e e,
e et e e v

o i flow),
ansalie, o any lames mpingog o

wbes indicae  prob-
17 for ull i

il ubimatly caus tube fuae. The process tbe maxi

indiction of
wn Catbon mapoxide lvel and may cause wildy swilng

vending to the arch. 1 e cebon monenide lves
g cnough. afcrburning ray oot n the comvecton

o becaue of Lo o a tube sappor o guide. Ovechesting.
may be caused by overfiring. by coneensaion of active.
bumrs i th o, o by Rlame mpiagement. The bowing.

o e uhes i th convoction scction Tho daf o across

parts o broken sappor o suide on the eatr oo,
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msor process b

e b been s 1o the el gas sy

Refiactory and Tuhe Suppart Color
weanbe anin

1626 Unsisble e

164445 Bumer Refractory and Diffuser Condlii

18 A
When observing insde the beater ook for ir sk ar
ight doorsand e

Hine or steak on the retory suface. See pas

FIGURE 1627  Broken burnr e Jeaksshoul
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45 Inspection and Observations
Outside the Hearer

Stuck Damper

The K dar posion should e ned o decrio

W bk e s cbverved bing cnted fom the sach,
 for 3 tbe uprrs, & bamer with poor somization, o
i e . sy e o ) compition

st

individul burmer Block vales

Hester Shellor Casing Conditon

FIGURE 1628 D,

ol o Ak
i

el by adfasin the i door




16457 Piging
c e ot and acmiing e piping nd the pro
cosspiping o ek, Al nspect pipng for s due o

16244 Stack Temperature
ek stack empernure. Sack e low limits
e imended o prtet aginst condensation e coroir:

expanon.
el pipng 0 ensire that it s adequate. Lisen fo any gan
e ihe s

from e This emperutr can s be wed 19 rend the
hester a ey

alves 0 s no leakingorfossof functonaliy

16458 Controllers
(Cheek the contolai and power i s o il valhes for

16245 Bridgewall Tempersure
Bl ot o ol g g i
may protect sgainstovrfing and oertetingof con

ek

e can provide an ndicaton o the range of pers
iom vaibl on proces fow, draf. egultio fuel nput
and i supply.

16459 Ar Lesks

Lok o g s dons, v o o 0

s with open tegistes, and ot locations of cbvioss

14 b o g e 1 g e e
g costad may ffct ame patens.

1646 Heater

16246 Poos et and Oule Tempertce

ok i o sk e
peruure limits 10 belp prevent gveting pro

s ity 2 i v s ad s
upsttcam peoblems, sch as et exchunge folin. Check
I rcee e s s 1o atan D o
mentinegey and  help ey ntcenal e depos

16247 Drat Targets

Every heser shoukd have esablished conrol poits on cer-

eser v sfety and stctualprobles i s

tion and masium bt wilzaion. Opertors st ensure
o s o s s e sy b
onsideredfimcs will il some of the following s
o oo el

16461 Process Flow
he

16248 Excess Oxygen Tagots
messared i he e gas v te o

o the dest g Trends i excess
S e i il ol ol

ow is an indication of the amovit of work the
Do 0 . 1 s o i desincons-
an e expeced 1 be operstin 1

16249 Fuel Pressure, Temperature, und Fow Rte
Checkthe fuel prosue a the heser. Compare the fel fow

o i 0 e e b
sbove dsign conditons

16462 Pass Flow.
Check ench sl Pass i ow s s estah
Tished o void maldisibtion of process o trough the

the beatr instraments. Fuel low should be recor
o Whem vy s ey e o s
e abserved when the ester i “felrie”
excessoxygen i o, A increae n e flow ogeter i
v o e desrease i process ule empert:
Kdenites s ol v coniion. T Jak may e e

16:2:43 Tube Metal Temperature

. Tube emperaure
Timits are established 1o protect agains wube ovehenting
and e

The g st
e bumer i most il 1 good combusion
ofthe i ue, I the temperstres s owside the desig
Kni, e e enpers shod b o o he
desgne by for the burnce Th foe-
mperstures a normally not moniore,
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162410 Pres

and Tempersture

Il g o soply s

ot 0 ensure greement it the iuid fel gun beins
s 1 the somization medium i stam, th stcam lines
Should be nslted and ave dequale st w2 1 casre

e ll e, Lesve ther s a e 100% oen poi-
onks) fo puting th bt
Check hehese for eadies:

e pres-
e autside the o sl be msstigated snd coreted.

162411 Fuel Compositon
i composon (ot i ) gt i)
moniocing cun te a “leding ndicaor” for adjsim

el S e
T e

162412 Stack Emissions

{enanc, s b, b, cxplvion) 31 b closed
i frcory placed hee pplcibe

b Adjotthe stk dnner v the Full e o confi
operbily and ewe 4 1y opes

o i rechod n ach pass cuing
it usines s nsoucions should b o

Stack cmissions, sch 35 NOx
Comd

By e o i

o Do ictos, b, and coolers. I ny

. csable Ties o3 chags i el composion

1647 Developing Startup and Shutdown
Procedures for Frm( Heaters

s plat il nsd 10 e st

e i

Huciues, amlyze and coret e proi

i bl
and v it o s,

s

o v v, oy Sy ot
e

a st e volune chunges. Normall, this ke
Sppioxmsel 15 1 20 minwes or il 4 sem

oidme of an exlosive mixtre oceurin in he frchos
and 0 establish stble lames and proces fows. Sarup pro
edures will vary wilh the degree of atomation and fnstrs
mention on the hester. Th procedures shoud address the
s i blow.

Fusl s d b pepario:
. Contim that the e s propey esalled Chap-
a1

eaming + long exporae 1 seam 4 condense
dumage e e

. Check th oeraton of the draf gauge durin the
r s e i e s perable
0 ehing th it it the s,
Ll b ot e
i check st i il ond i b ndvidal
N v sk

a0 ook i the folport o the i o pin-
g

cves caion wilh s explosmter 1 s, rove

e il

e sy and i scondace

open
o st il doos ook

Tieh. Lightal
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Jk Combusti

. Light the i b

s s s b sl s pevios e
or sl of the il will

v s closed.Rerove sny ind o he s el
soply

ccommend o in prosedue 1 caeally

(TCV) Place e TCV e -l modecn il

indvidal b
Hghied ikt 1 g does e occur within $ 109

i up e showld o exceed SOVF s oot

2. Periic chcks.

Perodiclly duin he s chck he e s s
o e bl o o s o
o s s st i

e 1 e s ot e v+ 0
14 oo of el wih

i i
. dicotime the frehon. purze

L AOE— e o

e v combio) o e b
o o, o s e s,
Dt ahoud b i ey by e e
e ot i, A

T o e i o b s
it et ik e R0
beopened.

S i he it e ;.x...m.,m«..ummx
Vi S s s ry e Soroc. The

oot 5% of ol flow (e s ). Wath he
sl e sl Aighor s

e nd. emov the foct from the oled horer
it e bl ot
e s st 5 ran

e e prssre

mpingement. o wneven v o the urers. T
i e nd ot gy ol
RAC o o e g

o s e i o

el e b Pl oo i
e Rame nsatilty and el T, i &
e of s b i e Pt nd e

o e o s g
e e ol empese ey et b
e, oy e e s b

e tamers veny ibon
iomer thes cicumstance sy voiding i
Foperuing i th el drf e, s e ehyehispase p b i
i sy 0 warn e e o esabli el
i e 4 Be e that itk process o, he tbewall
R oA e cmpenare will s 10 Wi sbot 200 (110°C)
i e i o of the fichos operuing temperkur, e he e
o By et s b il el o et
T gt do ot rindce 1 ok e
i nd il s
.
el e b s sevice nonds
SR ————— pipsos mmwpmumwnmm
i slowie v s e egier on b o
1) s, ook b s
Tl weded i, he e s e exn-
empertre. (Open the ek and i plenn dapers né e

Pl or e atachments. The sove
e ———— )

giers 1 crss th. fow of i the e of
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1648 Developing Emergency Procedicres
Jor Fired Heaters

s it the o ithout loing conalament The b
i th the passes shonld b prged of contents i the norval

5 oo | 41400 & rpre n e puss g o 1 he
gy e el s ot ot | (L0 LS R B
11 ot properly e il st i o ATAEE 09| e coment o diipae o the irebox withous prgin. A
desucion. of cquipment and personne nfry or ety | € om0 Gisipie | i A
ol st el | 121 e g el
hener s opeeaing. A moe common and more sy handiod | <1 %

i el ot

i active o due 10 ko infol and i banding. I the

apors in the hatr frsbos, Beware of the e
a1t o B The

nd i any ducing

Iatr et spprpesc o § 0 gaduly e
e fing i, . s frocd by such
ol e s sl g | b o vl S i o
first 10 a combus ( nz explosive mixtures in the affect

oo et o) Tt | Sk comn it b eir. Tese ther b,

o s nd iththe absolte

hat can st from
e e it
{oclde the follow

. mehing o vaporzatonof he e i sppors

+ Maming il pool spreading 1o b aras. g
ol cpen sk

| S R B b
ety

i excesssi untl they can be
dampers closd. Then

firchafor comiussbles with a explsimete, 10 combos-
s ane ound, the plenu damper o reistes can be

« ropid shutdown of heater and unit causing leaking
angesdoe 0 el sock

s —

s o st s i e oot b
considered when desclping emergeney procedrs
{nclude the following:
1 Ay s e sk e I posin o 0 o
il i o e
2 At

o s o i
by oy g
feriyeilsl ool ralnd
1 o o the srerre s stk 0 v o
e ol
Al a conaining the e nside the heatr Sy, using
team o itrogen, posge he coments oftbss i te Faled

AP Standard 560, Fired Hestees for Geners Refrery
Servce, Ameican Pevoleum Instiute, Washiagion,
DC. 199,

D, Reod. Fumace Operaions, 3 .. Gulf P
ing.Houston, T, 1981

AP Stadind 530, “Caulation of eate Tube Thick
ness o Petsloum Refneries” American Petum
Instie, Washinglon, D.C. 1996

4. John Zink Bumer School Coutse Notes, Sept. 2000,
copyrghted 2000

5. EA Baringto, il Process Heaters, Cowsse Nots.
copyrghtcd 1990
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171 INTRODUCTION
Dignosing and solving problees with burers o eatrs i

0 personnel,thet soaton et be empioyed inmediscly
 whutver the cost

i soton L s curul sudy of

on that theprincples
it

of psin heni i
Yo

e i, bt e

 probable casse for the symptoms shouldbe denified
e e ol cie cu il ot
on escize th seciusness o the

Once a cavse b b deermined, sandand procedures
Should e followsd 10 solve the probem. Al personel

engineers. Moreovr, ltough sciensfc princples e
o e bt
e been designed careely change with .

e sl e vys iy s ok, et
Rl and the proper acthon 10 ke i
e bl bl )

s stll e opeatr’ o 10 “Ree i unin.” When produc
o sufes because of the nbily of equpment 0 cpere

o purmters conoling the combustion proces. Howere.
nder some condiions. 3 chinge st be made quikly st
withe bl

decrase, Frequetl, the opertr of the hester must be

e uipment and process i

“The following chaper setions descrbs ypieal peolems
i ces et T i va cpom 0 e

cupacty desired by lant munagement.

e i bl vy
csnized fshion. Effctv and sufe oubieshootng

i o e

Rocogaiing th probles

Overving tons of the el

entiying th s and the cos of e e o e

entiying solutions fo he ol and ki core

ot o 3 b i oy o o
ant

ke an toubleshooting. '

172 PULSATING FLAME

17.2.1 Indications of the Problent
The pulsing fame phenomenon is sometines.calld
olng” r v Rt i sy, s e
of constant volume, the flme i puling and chang

i o e et oo he s o
e patem, the opertoe can hea ow-frequecy noise
eing emitd trom the unace. The flame oscilles alome
o s and sy peroically extnd through he b 10
he e of he he

Desrd i the e of the et

i, s s, s e wovine o

e, fu it o el wooingar brathing s sy ow-frquency e

ey ﬁmmunm e nthe | tha i difteren noie vand the
Mame | beater

hestr

bl is moted. i s necesary 10 evalute s
kel et on the procss or product being prodaced. Sne
solutions may reure he hester 10 be st o for the

e mos iexperinced opeatr can identify the ose. Visal
oo e thme s vin o o . o

et fame — varyin in lngth
o e U e oo ot o st of
he

problcn 0 be eslycd. Then, plant managemest st deter
o

s of "
he equipment i i il a0 s 0 be st
down for epais st ishercost, On the her asd, i he
probln migh sl n lage s from contol

mental sgencies, ipnificant damage t equipanet, o danger

. operatng.

1722 i ol e o O
The effct on o g iog i
e & g ekt e sy




Howeer, i the woing condiion s not resohed and is

Wil arge combustiblemiture o fu and i, which gt

1he fumace may cause the ety nslatin 10 begin 10

sk up s 1l ot he st lor. The burmer e may

1 the i egitrs o the stack dampe 3 flly opened,
b thehesier hasresched s masimu capace. Ay wind

o
can brak piping, ubing. and istnens, The icomplete

may
inernt the i o 1 the b and st he plsaing

et canno flf s e doty. Hence, the eatr iy
Huve o b st down or mjoe rpais.

ary 1o prevent the wind el 0 hestes
cpemiss i o I kel ke

e oo oot Wi e oy \lw i
o imide

st
e fel s pressre 1 the e

e
5 i o 3 G s o M i ot
e s o saved i, Asthe e moves o e
e, presare ront i eneried,ogin causing th i o,
10 e, s he e s back 1 the buer o oxygen,

o s e et i
e gac exit s that it eskin it the Beser docs i e
fase indiction of the oxysea bl a the urner,

The movement of

kst s with sch forcea o s damag othe et
I exteme cass the lame may scllses0 o from hebumer
it combostion i extingushod and the e i ot
e o Ll e i
one o he frm Sl

173 FLAME
ONTUBES

1731 Indications of the Problem
he most diet indication of flame impingerment i visst
tservation by the opersor of the lames conacting the

s svalable. A can eak 0 he heate hrough he langes

inside the fsbo, The cpers
cherry-red coor o bulges i the

{nsinhe e shel, ght ports i pen,namvsy langes.
and coroson hles i the st siee shell A kakage nta

b s
oceured Inclds higher presare diop on the prosess side
e of coke deposiion o the tobe walls higher fing

rue iications of onygen availabe fo combuston i the
vt of the burnr,

tiom on the tobe wal, and a increae n th bedgewal and

If e pingement i suspected bt cannt be diecly

i DA v, severs mfrred hot the s should be
gl l taken o detemine i hee e any high e ki cmpe
s a8 pulin Rame i bscrv, e fring e sbould | s . esut of dieet o e flame piogement. Abo.
e immadisely rduced 1 bl soicien oxygen o he | components of the fme rdisting o rquencies ot visble
e apecsor s To b it
50 wooling oise s heard. s s 3
aserve | busion s ¢ fon o gt
ofoxygen inthe fsbox gases. Then the operatorcan opeihe | yellow flame. The glowing Nafon ot the bing carbon
i st e o 4k Gt | o i o ot g i
g s o s g e oot e vl e i

el rguired forthe fring e desirod, The fing
st b o Rermitie
Iclease requested by the eser conrl sy,

T oo shnd o b s i
ack on

mpinging o the tbes.

17.3.2 The Cause and Effect on Operation
During: ol operaon,the prvces fid flowing hrough

the fust s ing
I g o B A

cause e tube colo 0 be esentally blac i conirst o he
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FIGURE 17.1 Cornded gas tp

tue hangen orbrackets, The tube hanger o brackets st
Supponthe s will ety be black o sighiy . Flame
mpingement o the tubes can et bt spots, cainng the

ofthe bumee Henee, the flame s sesrching for ddionsl

scceptable patem in s allotid spac. Fue £as
may e pushing s e flames oo he e surface.

1733 Corrective Action

T hesr s st hck
e

ihe excess oxygen level

or ok S by oo bt s ot

excesve tobe wall tmpersures that may el i bocalized

i Nanges, he sight pocs. ad Tanges tound manways.
e s i i

coke fomin.

et of the process flud und llw the el

emperatore 0. The nslaing et cretes two s
bl conditons: (1) heat trnser ot process fud i+
B el e
equstely coold by the proces i, esaling in ot spot,

it
prevent coke buildap nd cloging. The et pacts on th o
{ip should be chcked for cxsion. Bah ofl snd gas-red
s o e hckod ot s o poiin
e ocltps within e thro
I e o s o s i s

and vennally
heter

S processliguid do ot coke when oveested, bt
orm vapr, 1 vk conmderd i the st s, the Vapor

all may e b nstlld i he e rhor. The Reed
wll et h e gascraltion pter it s heter
‘i hedivision wall ineupt h irculation. Each s

s o e ot combie i i oing
e ocuion of impingeren wil educe the hea ransir
couficien and i the loal tbe tmperatr,
A psible case of ame fmpingerment o the tbes iy
e defcencyof combustion sir i the combuston o

cauing e lame 1o seah for adfionsl comsion e
it the frebon. The deficiency of combusion st for he
combaston escion may be 1 e

ki it e fchor and ot o

AL Al it s i M 400

-

-
M»W. of s within the bumer Ths il lead 0 fel-

e, fcaly longer Name scgments, and e poentnl
ety rnglmSapinpronomt
o repie i nesesary

Impingement may be overcome by changing the fame
s ol e s dineons o g
e, the burner tp port iclded anle can be redue
b st s e s et
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174 FLASHBACK
1741 Indications of the Problem

ptsep iy

1742 “Efect on Operarion

o o e Ut nd Lowr Enpiosie
Limitsand Flashback Proublty o Premix Burers

T iy’

i i s

. b 5
i i
bl i
ey i

'..umv?»‘ o wn-m s

S Rk s s 0 e e e e o
ek P et ARG T30, 150

R o v Vg

e
ot chnges, rslin i e perng e

s, The dage o e b pors il st n

umer s resricted: i fsbbock occors o mny

e orfices may e required i the mivers o ot 0 ecp

s within the beser, the

whe
o meritnsopen ame constiae ety barand

1743 The Cause and C

[
pblem, one can look 1o the flame selocty of he felie
imiture oranoter soltion. The e elocy s rlted to

“Thesolution o the problem will vary depeadiog on wha s

acback condiion. Henc, the opertor

e by adjustiog the bumer i doo,can s or lower the
n.mmmu Try reducing the primary i o s the

et sy, A e sondy s
matin the targt xcess onygen v,

175 IRREGULAR FLAME PATTERNS
17.5.1 Indications of the Problem

fuctai velociy 1o remain g
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FIGURE 17.2

o g s e i . ol e n
e o i

e & et e e he il T

e e, some 1 have s ongerHame patern

JrE—

etrcory o plénum inslation, i te burmer ot ot by &

amaged tle. Eithr will affct e local mixin of fuc and

i, delaying miing
e o st bunee
cra brner i e same b theprts

amers moy be

ot of thethoarand esthen

T th e s .
Jem oy b more complicaid. Some of the

g st i s R s s

ot o i g e i, B

ity Vg e

et n s diton withrspect
The rerctory

poston, cauing e o e interfeence

T ———————

e

i of we . 1 e G

Effect an Operation
barer or mlt-ame case, he gl

raingcotox o

opersts
Eacomtiesortoo b fad b e
17.5.3 The Cause and Corrective Action

I ot of et 3 e s (o

oblem may b & diny burmer iy, an

Fi
m.uv,‘ 1t rmpropery creted wilh espect t the

the fame s emerging at 4
e, evoson may e
may bt chse 0 3, o e s he wrong
it espec 0 he efctory e giion edge T e
flme . e be s oregn, el

o0 the i m e
Tl imenin a twist del it o the it

e though te e
powersd gl o clea orfices.
of the i, A

Change hesize e shape
i cificethen ot fel o iffret e hereby causing
e s il s e
i e
i
i

s, all o the burve s shoukd b

et e boc ety fr damage oty
i the inmedite s of the s Some tips
o i Bt

e i At i o



Troubleshooting

caes it may be benelicial to ave the i lenums modeled
0 thy e omeetly iz, T lage leous, bt may.
e obsaed by ading ai nkecs o improve he isrsion
ofar,

17.6 OIL SPILLAGE

17.6.1 Indications of the Problem

s il drips. o spill. T when the oil

e beasr redily idensied.

1763 Corrective Action

Opertrsshi b s o s o poce somizstion

i o e i e s e il 0

Shoveryof
“spaeklen” or“fefes” levig theflane ndicse pooe o

o e ce v e, g b | oo ekl e ol gy Sl o i
e hetr e T Tt i s o b o 5 s ool flanesschin e s
by the oersr’s

ide e gl o
it ol ssiivasing
obierve ol burming undr the heater where the ol has
ipped d formed poos of ol t grde.

17,62 The Cause and Effect on Operation

The g ok sk s il Gcnpers o
e et sy o 2050

(64 o e T oty o et s
il Sl o g i
The el i o tomises shold e cleaned. and o focign
e on the i or inside the uel o tip o

fre hased tha must e imimsdiely conected (0 ensure
s e o o

stomizer.
eplacd i necesany. I he fel ol e s +2 il s
the design,then th il ipshould b eplaced with

e

enter, Second,the o i ol beng consumed nthe com.

The maincause of il spillage r depping from the brnee
15 noematly the poor atomizaton of the el oil when the
femperature of the o i ower than specfed o e womizes

emperaunes vith
e ol i, e o s g e i s

ng 0 cosure the il s et i accondane itk man-
utcter insuctions. The stcam -0 diffeentil presre
s e ko ot i
fheurer’s nsrucion. The scar raps onthe iomisin
e e

1
m owing down te burer oto the rade.

oo Lol rbnefonhio g
Ppdimepstebuetabmntoforineded

Hine insalton shold be in good repai

FLAMES.

0 the ume o un connection e ot mulied v";lﬁfly‘

e vicosty 100 bigh. Exen with bigher sicum stomization
presure, the cold fel ol may oot be broken ino sl
oo gt 0 bum effctely,

e burmer fel il tp and aomizer oy e suffered
cusion from particespreseat i the fuel ol The eroded ty

ow the i o be nected a0 he e ot e angle

hen contactsthe sides of e refcory

e b ko e o dov. o e
ippin 1o the erade under

s Problen
sl observaton inside the frebox revesl long, diny,
ek s, ey ki o e ks oo
ofthe heste. Simoke. sk
PRt s

Wihi he frebox,msy be pinging on he process fubes n
he comestin sceton. The combastion zane sy spear
e brigh and clea

The cperto fthe eser iy o s the roces ot

1 e i g ke cnough o h B

sbove the desg specicions.
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withcloely szedbuers o with s burers outof i,

1772 Effect on Operation
Long,

e —————————]

hat ke
{oput. Contac the bumer manufscturer i rger s e

carbon) wil
secton, reducing. heat tamfer. Coke formaton may be
it i a bt e The e st
pertures may not e,

17.7.3 Corrective Action

Al shock the iz fthe pots i he burer
iy byt e g e on i
g minemne ry

by s o s
e o e B o

5 provided 1 cah burmerand hat his i i mived quikly
and compltly it the fue 0 2 0 chiee rpid

somis, gt v e demied e, 40t
improve the e, contat the bumer manatocturer: e may

1 the omer
ing of the fuland ai i fss el and griton tempertres
may b 100 o fo combstion,

“The opertor should check the drt and exces axygen

Vien g gas ¢ low exces i, f ames besome fong
nd smoky, sspect s change n the el g composiion The
substiaion of higher heaing vale, heavier componenis

i e s it g 0 s el e s

e, The i egiters and posibly the sack dampee

e is loer h
fusted 0 th comeet el
e ext e 1 be ceckad by the opersor s the emper-

ature of the o 5 he e, The higher the specite iy
ofthe uel il the e rtical e fuel il tmpersate 10
tomizatio n e ol bumer,  the iscosity s shone 20 SSU

“The peritor should deerine it he il and o
68 lnt s g el g e h Ol o

178 MAIN BURNER FAILS T¢
LIGHT-OFF OR EXTINGUISHES
WHILE IN SERVICE

17.8.1 Indications of the Problem

many diffrent ypes of

mhdtmue o eing remmoed from the
remains dry,
T ol i e o  he o o i

o
Jgaiion. Afer the s is n opertion,one o mose bumees

17,82 Effect on Operation

sl I he bovee 5 0 gnie or Names ou, the
B 1 ki e

a1 strctons mproper locason may cause the al-seam

1783

s This spray canod i with

dene
e S ey e
long and sty

tining of e il buner i selation t tho main buer. I
he il i ot lcatd o tha o fame s divcied i the

v e e B fnps, e g e o
ring

aure i ot acbived and the main fame ot niaed. The

o




[r——

ity a o

Chckthtfol gas s eing suppled 1 he e, Before
el soppy e may be purged o presore s

arup
il e g 1 i g i ot complecy dispoced witn | 17.9 LEANING FLAMES
el the operto will e aeptin igniionof a nr -
el 1791 Problem
nd checking for the presence o s fammable macrial Tt g sy, o Nl I
Chk o oo bockd v, e s o b, | 1 s b b o, 1 AL
i Jogged bume ports. - ha fing o
Obervaton
oy b o he cenrine
ety o b bt st | o i e b . e Tt
s may o o
e cenene o Howrer, in

i
When bners R out i service, he peoblen s almost

o of ether e o i being sppliod 10
e burer. Fuel eruptions can b caused by insment
e such s te closing and

e doples
it toegh i bk Lisod ey b s

same e e fa oy b e 1 e
genenl dietion o the g

1792 Effect on Operation
Pl o ot e e o

can crete problems such s impingement on
e i s i mirom
whe pure.

1793 Causes and Corrective Action
Refer o Sections 7.3, 175, aud 17.7 for some thoughs on
ctve scio,
et postioning and osentaton of the burmer ()

from (drin cold weatber) condeasd eavy gases sch 55

caus lening fames, This may be due 1o fncorect bunes

or el v o Pl 1 o s,k
0 knockout sideed
P G R b

e checked and comcted. The wrong burer i, an improp-
ety dnil tp, o tured 1 the wrong divtion can s
cause flanes 1o lean. Al should be cheched and he manc-

i e frcho

fctner's

s i supply

ol mixiure a he Burnr. The large excessof i ony also
quench the fuch-as mivare below th fgiion tmpersure.
I8 thi i suspected, clos the ai regisrs anor the stk

and uneven flae paterns (e Figre (7.9 and should b
eplaced. Damsed sumer e shoukd be replaced I i 1
contebuting 0 e eanig.

fumace can

Whenfin o the s

e
e i e el s i s

by
“The lowing ponicis trace th fue g cirulation curens
within e e e st

Reed wlls,
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FIGURE 173 Danagod iffues cone

sing with misimam exces oy
e can case flames 1 ean o the

i e leskage points should be ienified with ke ess
and sl

i inflction when operst

Soure o the lesking

1710 HIGH FUEL PRESSURE

17.10.1 Indications of the Problem
The presare e an the fellive ot the burer essures &
s for

e e i if e e ompien e design,
wround

g e i il el vt s
bl pressores for felse mixog s omdenw
Unler mormalcicumsnces, incresin the fol pressre
sbove these el il ncrecsethe fuel o 1 e combus
bl

- sty
indicte these s Sufcient cces of oxyeen for
o Nt e el e

17,103 Solution and Corrective Action

it ook 10 he pressase gage i th bumer fuel nanifol
Expeienc tll s that pressure gage hcrcy detrionte
withtime. Replce the o reconds
s i ol ue. Ao o e e i
location. It ot sl o bo sing  pressure

ressare gage

il sevice. popery sald. s, and s s

K o the low measaring insnent from which

he e efase i calelied. 1 he

the eac, th heatig value of fhe fuel bas also probably
canged. A new bumer curve sing the e vel propties
s e o i e

I ol s e, some oo e
b

11 () Ho e i o 2 e
150 pig 10,2 brg),the per igh uel
At i o i gt

17,102 Effect on Operation

w lead o pr
reusiain)

Wi ighe

vy amer rfce.or i poos he
it ik g o
(rcing oo hewey ol i sl e cunes o
boun eyt
4 e sk e € oo R
damage or incorect diling

or comecte.

The opersto may be aempting o fre to mach fuel o

o0 fe bumers Place moe bumers i sevie o feduce the

fuelpressre. Flly open o el alves on sl ative s,

Tt s e s ormlydsgrd 51035
(10 017 bag) for most
enare reasonsble i

hesen, These presren
S mote e g g

o barn the el bing njcted inl the hester, the
s ar accepabl,there i o fame mpingeanes, and
fom.

e CO vl i e 100

ame
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17.11 HIGH STACK TEMPERATURE
J7.11.1 " Indications of the Problem

Unde sorvl fumace operaon, the e g tempertre
eased in thesack will e near the opeatin temperse
pedicted by the fumace desigaer at the design duy. High
ke ndee ded e iy

ccton ofthe heser, and i th s eak s i, thn
the perstormuscheck forforegn deposits o he comction
ecton ubes. I el ol s belng . the opertor may e
10w the s from the cometion scton b, At s,
rther simple tchnigue willcean upan exteraly fouied
convection ave e depending on what hs foled the ubes
nd the o g empersore. Changin fom il fing 10 235

ok tempertures cu ndicat excessive ot n e comves-

firing.
observd o remove foling deposies itk e weeks,

normal sk temperatres can damage the funace, spe-

sk s gaes, The opertor st also determine i here s

17,113 et on Ogertion

0 e 5 G o oo s, e
il ko nes 0 check the fue il temperaur to

High sack emperaurs idicate educed hestr o s i i s i e B
e ighr ek e, e e e effcioncy of | e enclope, s well s sheck t nsure ther s o e
he et eonery operaing

costa produce aproduct. Long e i, | e s i il cary i e comvstion i
ol sack temperstates may el n dumsge 0 the | depoit o he convection setion ubes, nd case igh

e stack and comectio secton
gk ol s e iy 52

ecton setion of e st The losof

enpersture o oo

St sk g s ot by

i o i s
S oA sk A

rburning widin the convection secion may ulimaely
el

Vo e o provided.the prfleof o sctssthe tbes i ot

17.11.3 Corrective Action
“Thesack emperatre i conolled by the amount of excess

the comccton section at greaer than designtemperaures

cack tmperaure and e the xcess oxygen i the e

17.12 THE
CCONVECTION SECTION

17.12.1 Indications of the Problem

aking e Pl i PR A 9 e o et e O e i e
“ecton st hen e checked ensure tha there s ucens | 10 of refacory ying on th four and i the burnes,
excescanygen tthe bumer o burn a1 o B bt ol
beng injected. |

e anesburning place i the ers ar fuilin. he radion scction s
resuing n When the sight ports e opened. hox

18 thee s sufficien exces axygen withn fe hesr
e A s by St 4

e gases e foreed ou, therehy cansin 3 safety hvardto
ihe operto.
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17.12.2 Effect on Operation
The comestionscion i designed o emove e fom the
o e zass e the radant sction ot the bidgewall
emperaure f 1200 2000F (65010 1100°C)and eamfer
ihe e rom the e Eses 0 the proces i by conve-
o, the o e e e out ofthe cacks i the con-

vetion section, then the. swcturs el and bestr

“MDTOKBOATL‘{G"
HEN FIRING OIL

17.13

17.13.1 Indications of the Problem
When firing fght fuch oil such s aphta or propane,

o rom the fue il g i the bumer: The ight

Tothe heser

fuel ot o offiguid 1o cesse for o
omen il i s e il o bk it
flow for o

Shell st i overheting th carhon el beste shell and

suctra stel supporting the comvection section o the heater

e et
ks Sl e T i

e heser
oothing
0 supportherefrctry inthe rchsection of the hese,and
the efactory fall 1 he et oo As & sl mre et

shell,the refactory snchors are damaged and feave

o R i s o st o St g
point ol
"The mosoboning sound being emited i pormally expe
o when light fueloil with sn TBP of 150 to

et

0w The burning of heasy fus ot
il

o for repi

17123 Corrective Action

he B o beavy fue ol s walyprearhan 400°F (200°C)
esvy el ol will not vaporize t condiions witin
ol gun.

1713,

“The operator st »
1he it section and comparethis 0 thetarteddrf e
. I the st resding it posiie prssre, then the

e gass exiting al ks st be siopped beore the
curbon el el i avehest nd the anchors olding the
efctory e dumaged.

dn
m« i iy el
e frchox exit. If

The i is move of s misanc than & probl
equiring the us of heang peotecton by open
e postion i more of cancer ince sny lame insali-
ity s the potential 1o futer deteirate flame quiy and
possby cause the flame 0 extinguih.

17133 Solution and Corrective Action
“The operto st st check the el il presre and o
ensur they are witinth operting
demanded by the fur
s e

0 e U it
s s et e el s e g
e drt e e

e s compley clsed e o skingsny e
e vale. 17 stcam is lesking through the bypuss

5

comection secton
¢ the sack damper o nduced-draft fan damper s com-
el opened.ten e opes

1 there iy 0 i lsking
the operator needs o enare s th
auy wai being nfected with he i Water will ave 3 ower

scross the bypss alve, he
el il docs ot ave

e op of the it setion of the heater. Also check the

Theloss
ey ursae operatng condiions,

High excess
i can e  piie b pressre.

burnc by uming o bumer in 4l burn sl




The e i pressre shoukd crese o ke the same hest
Jcase nthe frmce. The inceas i presure may liminate

17143 Corrective Action

- The best sltion forcoreting theprobies 1 con
st e s e e o8 s

ensore that the flame s tached 10 the 1 rther han ising
shoveit.

e e s o

il redce th fuel presare o tha buer by pasially

el ol L
+he ight fuel il s elfminaed.

1714 FLAME LIFT-OFF

17.14.1 Indications of the Problem

e it iniction of 1 bl is when the
bl B s il e

han Tttt i I b N
‘mally fm o cccars o ane or o burses in
e sl s e e e
e ol e e xces syen e

o,
I cither cse, tke the following coretive ctions. Fune.
ol e e cnions d shoud b o
immedtsel tefor a more

‘e alignment und posiioning of the gas brne tp and

ings e il s 100 bigh n emion 10 the e or e
okder, he o e may lcoft
e et s g s oo ol

the operaon afthe bumer wil ive oo indication of
an e ol e,

17.14.2" Effect on Operation

ot ke e hy o s
e e s 5 e pot o it e 01 0 e
hepor.

e s i e s i
ok e e 1 ot i, On e

g p

o, th refctory emain a4 sfliciely igh empers
ate o f he pl remains 1. then et may ot Re
The

s mcling hatis, it ying
et back 0 he source o e fel and s mixae. I the

Sl ey o i s B e Yo
Tocor

- canea mnor o depending | the ext ety o e
on e it e xient
of dumegs depeadct on the e desin s confgraion, | 0 Wil the g on in o gucair \dm,,

o is mino,the exploson
e the inemal pressie bk up

e s iginias s 1

W s rdecd sl s e
urmer sas p or the

i fed uer i esperencng e o, the cper-

v e
o s 2 o explosion. he complete heatr may be o
prodyiclonsfop ocenisiyiinstmmeli St

oufstier's imtruchons. I the soming e
prssure s o high,the o flame wil end 10 o from e
b S ot st il bl cio ot

Sttt

Joss f e et
ofprofit being st fom the proces unit, I the
“evere xplosions within the febos hee may be o of e
e njry o opersin pessonel

s

i e o i sty
e o ety i e o i
cone o lme hlder,
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1715 PILOT BURNER FAILS TO
IGNITE OR EXTINGUISHES
WHILE IN SERVICE

17151 Indications of the Problem

‘Someims the il - mixere leaving the ip 1 200
e ammabi egion, sy 10 e support combus:

W,m prs ol st s '

.
e nsg et

ot bmes e sl pors hy e suscept-
T e s e e it

pressun a the ot oation s posiive. Adjst dampers 0
bain  pegativ presare i the bumer. Wih forced st

o e il

e posive, 11

b main
e opention. I s e 0 e-gne the main buee

Dusion st or a pecal ot desn, Consult withth buner

manufocaser for

5 problem suation, athough the opestr fllows the

punping.fo cxampl, and refuse o ligh. Allow the pikt 10

il 0 ght or may oot contine to b once . Thee sy
b the s of the it bmer T dusing oprstion.

17,152 Effect on Operation
e il doe ot it aponheser s, e comespon-

make il ghing and continuous opersion
Al o et i

resiant pilo i
Mol g o i o it e
Hime appesn o et high above e

st b Bt sing 3 handheldtrch. The e b  lss s

ety e
ume sppears 1o b buening with & ellow fme, ope e

factory method becuue g gas supply valve must b | primary s doo on the mive. i or 3 Name
fumi- L
o Thie | mtion nd e
g of b s o conicn o
Bt s koM s S o s

17152 Corrective Action

SO Atehe F AT K S Vi €

inr ol Sine heports i the it e sl they e
S s 6 R Ciee B pard ot
S syt

ore leaving the pilt tp. Adjstthe torch flme 10 ensire

1716 SMOKE EMISSION FROM
HE STACK

17161 Indication of the Problem
Stmoke sppean at the top of hesack

17162 Effect on Operation and Equipment
Smoke indicats citer ncomplete combustion o @ rocess
e pte i heprces i & ydeciton. As o

Jutd cmision, coninue smoking could lead o sactions
fns e temimaion o peion.

17.16.3 Corrective Action

d e conditon

Before startp,chck hathe o sparks ad ha e
clecticl grounding s woided.

e o . R o Steons 17 4 170, Conies
St 0 g o i the proiem i esolved.




ek the xcess axygen in the fsbox (0 densy any
eticency. Dtermine I tere has bee
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FIGURE 1815 Sunple resul of CFD modeling performed on an HRSG inet doct,
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FIGURE 19.20  Effct of fumace clealiness o NOX enissions.
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19.24 Boiler/System Condition Impacts on
Combustion and NOX Formation
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FIGURE 1923

Impromentof massflow distibuion
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19243 Fuel Ol Temperature
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193 CURRENT STATE-OF-THE-ART
(CEPTS FOR MULTI-BURNER

19.3.1 Combustion Optimization
195,11 Windbox Air Flow Modeling
Estensive cxpeience in the applicaion of ol and g fring
cquipment 1o 3 wide rangs of boier dexgns s Iod

rements ke
¢ the top of the fueace can be ower

conclusion th, i
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FIGURE 1924

Improvementofperipherl s flo distribution o burmers (deiaions £115)
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FIGURE 19.25

TES AR R T B G 0n e tera ery aredea sz

Improsementof FGR flow disbaton o bumees
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FIGURE 1927 Flume o il
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FIGURE 1928 Preniing the
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19312 Fiel Flow Balancing Techniaues
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19.3.2 Methods 10 Reduce NOx Emissions
Combasion meiction technigues that ave b devel-
ped 0 reduce NOX emissions nchude Tow excss st pers-
[ e e A

Thexe s st applcaions where 3 conparsy
et (341 B 1301 60 b ke o e 1>
£ ot and suppled. o exaple 10 e FD it o 10
the windbox.Usualy. s e g2 contains e mose xcess
0, cpeclyon the lrscqppod with i preaters b
i ol e e i, Epii
ot s that i i leskage can b iz,

e
Ittt . i e e Ok o e e e e
ke, i e i || e Kok i

bt o 43, v iraft fan inlet, allowwing

e D e mt:umhnu
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a0 s extct, thermil NOX

i s the combustion i
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plotly difren furnace desins, wal
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e i pons o supply of i andlo FOR mixures 10

s e o b Tl
‘wal bunr il boilrs wher aie pors re
T Al e e \ulHly

e et ot s vo O e e
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11100 and 1200°C) with gas and ol (i, especively: it
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e s el e
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o P n e 192 etk o e
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o i e
conbosion i pstenof e o clled e FGR),
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19321 NOx Reduction by FGR Iplementation
iy wel o that thermal NOx can be affectively con:

Figure
s R ndpreisin he FGR it e e el oo
il e e s would poss through e Tl s piping). This
ochnigue of e gascouaiament i clled uel dlson and
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5. 200, and 300 MW, odlers) and
Figure 19,30 (500 MW, botkr) sow fll o g fing st
ot e on iy boflers equippd withdifferent b

i e, and it 0, =051
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ing reactons tht e responsible for NOX generaton n the
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ity division of the flame ino two o more sages. |

e s A il i g, et

ko sl wilh s s ol o of s i iy
s e, whih e companively o e

sy s g s

i iy g ekl T, WO fomaon

boiler wouldbe desigaed 10 provide the required steam

in e stion v e st g de e

Jouds ), FGR was switched on to mantin
e e e o o st s by
Modern i

i o g i S
metho ovr cber methods,

e Fo
for both NOX reduction and sesm tempersture contol. At
el 1400 80%).FGR s sl e o KOu
howevee, s sbove. at paril lowds. FGR i typi
e i)
Very lrge amounts of premined FGR, sbove 45%, can
et Tame sy with comenion burne desgns. while

There e

L S
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19323 Socll Feures o Low NOXGni
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When firing ol coniaining N there e (w0 soures of
i At il iade Inssion

i e it ol i o
rt experienced. while fing No. 6 ofl. For exampl, di
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194 LOW-NOx BURNERS FOR
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Concitons have e -
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BOILERS
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oo, ludn e of v s s
g Todd Comboston, Coen. Fomes. A
Pilld, Babck Hitei,md odhers) and

= Figue 19,10, The comesponding NOX concentrzon cuves.
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oo V. R, BT e i o
Ui Sttes snd lber counries. A sehemate fo 4 typical
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EFFECT OF FGR ON NOX EMISSIONS

20 %
HFGR

FIGURE 1949
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20,11 Purpose
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A i e s s e e
fo B i

While the combustion fondameatals discused eatier in

o s o s caper 10 i s of

and
e andssockied equipment e o isussed

Objective of Flaring

ks,
n affordabl cost. here should be consiant wreness

and bl bumers in sever) rspects, nclding:

prime objective




FIGURE 20.1

Tepica ey 19501 B pecformanc.

FIGURE 202

An ey model smoteles

0.1.3 Applications

Wit the nydmcaehon and petnocherical industis, fom

e syt bt will e condened s tey col.

s on fses amd in i the
s e o

1e + focus
o m ‘nday, m

many of the

spplcations n ot induste
The desen requirems ity ae seldom
Seial o those of any oher i, Thi varaion, plos

FIGURE 20,3 Major flaring svent. ottt te sxck

e range of e spplcations ad site corditons, ofen
st b castom dsign

eguirestht e

g
Flaes for senvice in the hydmearbon and petochemical
T s v s e
s theeo

+ inge ot
i

20141 Single-Point Flares
Single-point fars can be desipned with or without ok
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FIGURE 204 Typcaleevued single-pent flre
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153 Enclosed Fares
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imine the resehing g trpersore t th flare. At 1o
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20.24 Gas Pressure Available
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{0 requicments bsh redoce e day oty opersing <o

s usd 10 ke his haand, Howener, g erperture
canatfect Higuidseal dsign o opersion.Hot s will nd
10 boil o the seal A, sometimes very soddenly. On the
oter .

Avulaie g3 pressure o the flar can b deied o il
prssur ot he Ml ne, o 8 st pressef  pecfc e
e e o L

ihaccould ompleely block waste s fow,
While o fare sk may appear 10 be

resire g ound o sl vz e ke of
pie. This i s e prssure tht dtemines s densy Tt
s he sum of the s

pressur s s s e
s s sl o sy o o e

20.2.5 Uiiliry Costs and Availabiliry

I many caes the momentumofthe gos steam lone i

essry 10 add an st mediun 10 inrease he onerall
i ot ol b b The st com:
mon mediom i steam, which s injcted trosgh one or




 Lage slume of lov furmished by a biower
sl cnenp cons, avalbilisy. eliabily, nd weather con-
st be ke ot secourt n slcing the smoke-
eopresion medium.
Pusge s il gas st b suplid 10 he fre . all
B o e sl i
1t e sy,

Mot speciicaions cal for & maximum rdision lexe of

s daring loag-durton flaring evens. Specil consider-
in should e given to adision s for Nares Jocaed

Somposiion o he wste g canaso inuence the e
. Tequiemens. Pllot 338 consumpton can be alfcied by
o combusion i o e vt g The

e for purge g i fue e lare pios should cone
o the ot reliable souce il

Furse gascon in priipe,be any noncorosve s that

i s s s S Ssion 2035t
o deal o e radi

Refabl igaition a the flare tp i o ofthe most funda
el e s, oo s el
e e e b e i, D b
ot comrsdsracton ofpttlly s el The

pime 201.2) demants relisle buming

purge g may
< ol g o s g i (.

2031 ana 2042

vt of irogen and propane can be effcive s & puge
i, ik s § it o et Vien
mpared o fu g lon, ncluding:

Bl oo

- pocnilcont sasing  ivgen s xpesive

i iy b oy lonecan fu-
i s e

et valves, Imprope il systm siing o subsequent
ions 10 the flae el Ioads can prevent 3 wni from
achiving s masimu e e when

he dsignofthe flare sy
Prescaion ofsienfilration shoold e  consieration when

20.2.6 Safety Requirements

{em s connecte gt Al sorces e the ety
e, oop sess o sesels, o po drins, Bigh ot vens.

. ey conens e el o o
s e, elsle s

and Mg

o T g ogenion. G gt o sy e | 20 '

o by i s o e e o | s ol e e by g ke
e ey g sl S e owsble ribion | e o Combosion s Regutey dgencies s
T B e e | ook i o

lowatle rodistion lesl will vary

i of araon nolves he e ofsola

e e that does ot e el

baundiry is ofen subect o reglaion,

pecic. By way of cxumpe, t woukd be appropese

Compuy e s oty Gl s p

e i workes cn bcomn exposed 1 e
e radtion wdthe su's rdiaion i et
“here are several sources for uidance on the allowable
aion lovel. The most widely refeenced is American

e tumer i
985 Emsns of NOR, €O 1 i docaons

4
§
ig
58

These cissian fctos ae widly accepted by mum




98 The John Zink Combustion Handbook
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{hat s st has over the comentonsl FFG spsem is
that compressed i i ot required. The adariage oves the
ipsream FFG i ht th ciical prs e accssiledoring

20423 Monitors
Verification that s it s burming i an gt and =
some cases mandtory requiement. The i’ emot locs-
i and naccesibilty during flre operaon mke fle

\eiteaion iheak A il i o ot mosborog
methodsillses th difficu

Mot pit fucls produce  ow uminosey e because
i continsclose 10 10 of the

Juminous e at th it Afe the pio flame s bees
Sighied. the st fue should b ot o

By e, one immediaely asocies e withhe o
e procuce

R i eplass s

Py

e opertion.

that e o 0
spprosimately 200 1 (60 m The exset distance, howerer,
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IRE 2042 Horionia seing s a e b of
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et of  sclocty ses occurs whe purg
 ncrrupied. T his cven, the oxygen leve in the iser
e 0 nease amast imneditel

The amangement of 1 densiy-ype purge reducton devie

Inerace il s reguied Ths
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FIGURE 2053 Demontable derrick
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FIGURE 2058 Puge control saton
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FIGURE 214 Typical orzonial systm with a prebest exchanger
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FIGURE 215 Waserube boiec

maltaned o he st temperatre, Thus, ther i 10

o msdium ressure e i 0 e prodaced fom an
e gas.The pical flu gas pressue doop g fcube
ol i § 10 2. (201030 em) e, F
iypial fecube ke

216 shows

it b o i o el s il et .
he it et

2 Recupenaive Prehe Exchanser
i e e R s i
recvery opsion. Howeer, i  low heting value wate gis 5
o i a3 e e v R i

the oprsing lempersture forthe euired DRE,

o hut it s conteffcive t0 con the floe g to “feeze”
e o ol 5 s
or Evenif e e gas s cookd 0 1200°F 650°C),
Ml iy
o e ol g e i
upstzan of a boler il ffec bodh e sie ofte eqipment
andhe bes rcovery. I clean, reyeled e 5as rom he et
of he sy i e o quencing. 4 relatselylrge s s
mperatre (350 1o

sequined because of is high iniial

el b it o e o g 0
e o o ot . i 217 s
R S vbs o) ke bt oioges The

b cesovered sconom
elfcencie e in e 55 10
{thermalexpansion ypicalyconse
perture 10 no mare than 1GUO°F (STO°C). However, more

0.1 vater

[P ————

Recupersive exchanges can also be of plateand-fane

08 much sl s Tow

ype consrction

e e g2 for the quenching
esuls i mch grete heat recovery effcency tha i waer
uench s s e he aded wter e the sysen with

However, some leakage of wase g no the clean combus-

tion products will ceur ineessng the unburmed waste



650 The John Zink Combustion Handbook
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FIGURE 2112 Submerged qoesch
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FIGURE 2117 Wetcecrosttc prscpitor
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on the inide surfce of the tubes, The

pariles e o o i o 5 conin
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S il e s s, a6 s e
e i g solume of e wich s et
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ik g (WESE oo wry i e

Flue gos coming ino the WESP frt entrs a chamber
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Recyele
Punp
FIGURE 2118 Sinple packed column

sy o s o e s kv
e g solume. Some o thedravbacks

e sl Gr sl s .
ubes, and s RE for the buusing and wier
colltion seton

Advantges of he WESP e

. 0
by emoving the e g, ld e e
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the packing and ot o e estment
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combusion
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combuston processes, sch as uiies. e sl is ot ppre-
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t0'N,, Wi the rermaming preset rimarily . very I
el o HON, it nd

ovide s sualy i the 5010100 pms ey, coreced o 35
iR e 010200
iy, corected 10 3% 0, depending o he composiion

o e g i e

e
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Coneurmently ith the N reducton esction, NH, is o
dized 10 form NO fallowing the ovesl raction:

wit,+ S0, ~no+2n0
3 2

e R
peiion and axe s very tempersure

sbout 5% ofthe ttal e gas. For optmum resuls, i

Tower temperatres (400 0 $50° or 200t 450°C) than he
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for SCR inclue:
AN 3NH, 40, = IN, +6H,0
NO & ANH, = N, +6H,0
INO, +4NH, +0, = 3N, +6H,0
NO, 4 BNH, =N, 412H,0

NO+NO, + 28H, = 2N + 31,0
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The

ol e b
cess degradaton. The NI, inecion can sl te
s

il o e
amage, The N, i i sormally s haninthe SNCR et
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produce N0, Uy i 1 works
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2085435 Seeceie Catalyic Redietion

temoval effiiency.

214 BLOWERS
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pressure doop 1 v i g though 3 TO.
i, g 4 e o e i et
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ill iscuss oy comibusion i o 4 blowees
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tion o NOX, the s
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[ —— N ——
push comboston praducstroagh e sy
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FIGURE 2124 Cormon catlyst confgurtion

1 blowersocetd t e back nd o  sysem, “pling”
i

Conrifugal bowers draw gas si) it he et of the

po, the gas andied il e combostion produces. cooled

Tetwee the ol ik biades that st i, 15

ey ar guenching). For thiscase,the Blower daw i condi-
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FIGURE 21.25c  Forward i blade operating cur fo 1780 RPM, T0°F.and 0.7 10 densy. (Robinson Industis
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bl specd conrol is that the volume of air fowing is
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Fan speed control fo most combuston sysems blowers
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Figure 212501
A with blowers, the method of flow contl s ot neces
arly based simply on cstareffciency, O, acombinaion
of two mehods is needed, such s discharge dampens con
while
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peed her s lle waed eergy. The theory hehivd var-

the pressure upsveam of the dumpers s mained 13 o
st point by use of ikt vane damper
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FIGURE 21,25 Blower speed coniol. (Robinson I, Zelenopl. PA. With pmision)
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Josses s atighily geserthan 65 x 10" B (10
g vl o T

s il asc bt other methds such s ctalytic oxdaton
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. 4 Sysem conguration epresnted by Figure 2117 s

e e i o e
up the . rior o rdocing the comamated i
Figure 2126 shows  simple thermal oxidizes. Foel and

TO,system. The refac
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te, it boiers are pormally recommended for smaller

Jined, veres - flow it The refractory-ed vesel fne.

FIGURE 2126 Simple thecmil oxiize
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aditonal qipment neded 0 make seam o precs

o .

configuraion

sruller 10 with

ot  the boer and et sysems is

e prehest exchanger meunted o the 0p end of the TO.
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FIGURE 2128 Heat secovry therml oxiton ssten.

e

For example, 100,000 I (45000 kgfhe) of 8U°F (27C)
contaminatedsi with o hydrocarbon content ca be bested

e

srtive when comparig the s of the capial and oper.
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the coly.
IS0 0. Tttty el o o
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However, o0
. s e e bt he w0 e
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piiss 0l (US540 01 s e
e heat
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- in i the
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haa

e e T 000 Yl 0P 00, T0.

chunbers can e
Z00°F (O0C) to produce higher DRE. However, rapid

penuureat s .m e 7300250
e e o )

hestin valos Aoy o )
e e scovey s about 20 B

and ear on the alves and ceramic e, Frbermore, he
temperatre downszean ofthe chambers i he carbon sl
ductwork can exceed the maximum alovabl

gl e i eing v ofconinaes

| Slngin et et

Sou 13 B0, or  pecig s, whis b vn
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FIGURE 2129 Bypuss ecupertie system,
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erater bt ecovery efficiency, the maximum heat conteat
s sbout 7 Buul. For srer ogank conten, mre air can

ol operstion I the o gas fom these wases does
equie esament befors dischrge, sch sysems yenerlly

the solumerc flow e, which ncrases the uuml st «
cther type syvem. Alo, some ol the flue gas

o o0 i o 0
bl for heat ramer. Such

Figure 212,

b
a bypass system i shown by

S e e e i
hervic e 2126), 1 het recwery i he foem of
T e A
ook of o it e e
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and s convectiv setion, I csenily n “cold-wll” TO,

i
High hesin.valu hydrocarbon wistes, wheter gaseoss
iqid,

will e redoced.
i e oy i oh
e tn 255 of LEL In such cases, e of
R R ) i St
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21.6.2 Non-acid Gas Exothermic Waste
Gas/Waste Liguid Sysiem

e generaly s casy 1o b nd e ypicalyinjected

i iy, depening o the wasie e,
destnction fficieny desied, and what. i b
ncatment i utlied, Liguid wasts ar tomized wit

et
atways fired though the theat o the bus
‘it highe heating vaes can b fred hrough sngle gun
or through muliple tps. Fuel is wed only 1 beat up the

o wie (g o 200 B o g nd
et than 5000 B for Fiuids) hat do ot have sl
i g s oo ot e s vl
e T comusion o s s i e

“Thehigh heing value o these wasiesprodces
enpersures (= 2500°F or 1500°C). To schive the desired
desruction eficency, the comustion chambers fo these
‘wastes rc generally miinained a elaively high eperatures

high ftame.

cnough e
AR bl 5 e e g

@
oregual 0 1 second. Desrcton efficioey of ergc com-
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pounds is 09 995 o reser when sing 20 t 256 excess
combustion air. To avoid damage 10 the vt excessive fem-

st be removed before the e g s exbtsted i he
amosphere. The syt that commplet th desuction and

with aional i, watr, eyl o gas,or e inectd
o e TO.

ihe bigh operating emperatres result i

b 4 comsideruion. I some case,the cooling medium can

20631 SulfurBearing Hydrocarbon Systems
During the ealy stages ofthe ofl and g3 refining pocess,
i, Al ol g

5), e removed, The HS i then comerted 10 clmertal
e e [t e

e .o sl NOfomion, Low NOV
oo chniaesca s oy ih e v,
T ey s e 20 il G cn e
waste e and the. perting e, For g,
bl ey of el ks o it e T

e e e sy »: w
s proes hus improved over the yers. some o 5
rmone il e B it o s
ey s odor, fen ikened 1Toten cggs.”cven  small
amount i detcctable by the humin nose. By destoying &
< e concentaion

sl s ade

e e st - frehrick backes with
10 withstand poceial impingement of flame or il The
iffcul 0-brick areas re usually il castae-ined b it
 bighe density matrial. Als, because exess et s aval
s o ol e e e
. Mainaiing 3 ow s o prae

nthe
msjocky of th thermal oidaionsystems suppliedfr sulfu

aing waste sircams have beco simple uns for the st
pouds in il gs iclude
168 it e 50 cnton| i (0O, can
diuifde (CS,), and clemental slfr vapors. A sl v

Thermal ox

Tecion shild

s the exotherm O, systems e wally force-
6 i 3 s g e v dah

e

I S0 s 1 oo, e g et o e o
i il i i S e v
e o g o bigh e, Comsequely, il ek s ot
ecessary fr e ga disperion, and stack eigh b

iers s very efcivefo oo ontrol of wstes cotaining:
dherodorferous sl compounds

Sulfr plan il gas cieruoes s generally designed 1o
operte wih st daf. A ekl eoough o crese e
o df s e

e ecovery boflesare s e ocasionally. For those

o dispenion mleling.
Av with the endothemic wases, beat n b
i il i bl ot o o, W e
s typcally vented o less than G00F

i the e

sl it bt
bl o prevent watr condenstion und possible comosin on
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2163 Acid Gas Sysiems.
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“The simple incineration process i nearly the s as the
%

e v e g e ds ok
prevent condenston.
e of e o g e, gy
it

e than T00°F o 370°C) rbearng com
ey s o 3 T gt

o desroy the waste. produce acid. compounds such o

1.0 econds s wsd fo all sulor plant il ises. T the

e by mtonaland ol si qualy peciting sgencies and

requied an nciease i operaing temperaure 10 1400°F
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(T6°C) in some cass. The higher
e st s o gl i B
s that he fue e s g,

During the oxidaton of Aulfar compounds, 4 small
o Gyl | 035 e i i

oxidized extet of conversion depends on
i % it e
e, e amot of S0 e

sous ot it iy

e sl gy
AT 250 o A, wilh i . e s o
foem slfic acid olfuic acid can cause several proens.
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ecausc o the low emperaures ad Iower o contcat.

{he il g will b only gl (40% o fss) destoyed. A
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e, ncreased resideoce ime (arge T0.) can prov
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ot Toe v b s o
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oo Wi he e s s et
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e el for many o
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e o e B i iy it
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{870 and 1200 Resence tane. v from 10,10
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e M When e
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=Kp.

Equilibrium Constant

are present, the syt must b dsigond 1o handle molien

e Whn ol e o il e sl v
o endency to collctinside cquipmeat and ar dificol
i i
b sl sl sl e i i
55 NaCl, No,SO, CACI, or KCT, in water, for examle, te
b e S it e

vy i e

Most of he wastes in his cteary ar sll-comaminated
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2164 Salts/Solids Systems
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e a higher temper

i 1 iy v gh sion 1oy, TS
s “Alkai

igher
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the nced

s igh o e
s i hly s i e cobusion o
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TI00°C) and residence times of 10 to 1.5 seconds re
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e sy bt s for o s el '
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T e

oxidizer This oo

ide an opayue, white aditive o many products) in wter o
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e e
may very itz efor i exis. How-
et s ol ke
oy b i e o s ol i

s (120 ek b vy it bl sk
ishly sascepil
Shock ad bydeion,

atack than 0 60% slumin brick, Unforunsely, while e
i o ik e it e

Tl s o 1500 o G20 o
i organic, certan coniguraions allow quicker, more co-
plte oxidaion thn others f e melin-poin mserals

A s A S O e bk
the proper bumes .. confiurtion provides the st
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Properties of Gases and Liquids
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