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THE FLAREGAS ANT[-POLLUTANT SMOKELESS FLARE TiP

The Flaregas 'F5' antl-pollutant Flare Tlp Is the result of exhaustive product
research and experiments carrled out both at | € | Wiliton &nd on our own research
H piant. :

The deslgn is based on the concept of thorough mixing cf gas, air and steam prior
. to combustion, which {s carrled but In the unique Flaregas mixlng chamber. Steam
! Is used to insplrate alr through unlts termed 'Flarejectors’. Thls advanced
' technologlcal design gives maximum Inspirating efficiency with minimum nolse.

Flaregas eguipment |s patented or
has patent appligd for In princlpal
ceuntries Including Japan, Great
' Britaln, West Germany, U 5 A, (taly -

The trade names :-

'Flaregas' 'Flarex' 'Tribotlte’
+ "Triboliter' 'Ftarelector' are
registered
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Patented

' The steom [s evenly distributed to the 'Flarejectors' by the use of a steam !
, chest bulit around the upper portlon of the Tlp, As the steam flows through

the chest Into each 'Flarejector' and finally Into the mixing chamber It acts . w
as 8 coollng medlum and En this manner proiongs the worklng l1fe of the unit. ,
. The mixing chamber [tselt is 1ined on the Inside with a refractory fnsulant ) 1

to protect the Tlp {n the event of burning back.
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Patented

The 'F5* Tlp s englneered to a quallty speclflcation which ensures a high
standard of manufacture and operation. Those parts exposed to flame contact
are fabricated In high quality heat reskstant stelnless steel. Castings

and steam chest are manufactured In stalnless steel stablifsed with Nloblum
and the chest |s pressure tested to 150 pslig. Inspectlon methods employed
during fabrication I[nclude radiography, uitrasonic testing and dye penetrant
examination, as requlred. :

Research into pollution-free flaring and development of the 'FS' Tip 13
contlnuous and the Fleregas engineering departiment is wiliing to advise on
any disposal probiems, Expert chemlsts and consuitant engineers are
avallable to advise on original or unusual problems and faclll1tles are
avallabte for testing samples of effluent for flammabaflty ar pollutaent
productlion. :

SMOKELESS FLARING AND SMOKE SUPPRESSION

The simplest approach to smokeless combustlon 1s to consider the fundamental
principtes Involved In the chemical reactlion between hydrocarbon and air.
Oxygen In the alr comblnes preferentlally wlth the hydrogen atoms attached
to the carbon chain of the hydrocarbon, leaving the carbon to be combusted
as a type of secondary reactlon [n the same menner as branches of a tree
w11l be consumed before fire attacks the trunk.
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A long chain or one having many branches may be attacked at several polnts and
breah [nto smaller chains before the whole is consumed.
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1f the carbon chaln spilts due to the high tempsrature brought about by the

Ha + O combustion reaction, then the probabl |1ty ot elemantal carbon production

i% Increased and this carbon, unless combusted by oxygen, sppears 8s smoke. The
quant|ty of carbon formed depends upon the molecular structure of the hydrocarbon,
A long parafflnic chaln wii] split more easlly than 2 short ona; an olefinic
chaln wlth unsaturated bonds 1s even more susceptible to temperature and the
sromatic ring comblnes both dlsadvantages of unsaturated bornding and long chalns
to produce the highest percentage of fres carben, o
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Whatever the quantity of free carbon.produced it wlll stkll be converted to
carbon dloxlde and does not preduce smoke provided that oxygen Is avallable.

Thls requires adequate air/gas mixIng and as oxygen represents only one flfth

of the air used, the bulk of the nlfrogen acts as a retardant to the chemlca}
reaction and, therefore, to the combustion temperature. Thus a pre-mix gas
burner will not produce $moke In a hot furnace atmosphere. Flaring ot hydro-
carbon gas as 2 raw gas flame does not ailow for adequate alr/gas mixing so

that the carbon appears as thlck smoke., A raw gas flame can be compared with

a sausage, whereby the skin of flame, representing the zone of chemical reactlon,
provents alr reaching the 'meat', | e the gas Inslde this envelope. Heat radiated
from thls envelope penetrates Iato the gas and excites the molecules to the level
of disintegration, | IR e B DR =

ry :

A steam and alr mixture as created by the
‘Flarejector' device In the 'FS' Flare Tip amellorates the sltuatlon by reducing
the amount of unconverted hydrocarbon, The steamfair mixfure |s Introduced into
the gas prior to Ignitlon and the energy of this stresm Is utllised ettflclently
to produce a high degres of mixIng so that the proportion of ynconverted gas

is reduced to a minimum.

Operation of the 'FS' TIp on a wide range of gases has provided a number of
practlcal steam/gas rates for smokeless combustion. It has been shown by
small and large scale tests and by operational resufts that the 'Flarejector'
reaches [ts optlmum efficiency of alr entrainment when operating at a steam
pressure of 50 pslg. At this pressure a 'Flarejector' ejects Into the flare
a voluma of air approximately 16 times the volume of the steam at Injectlon
conditions. By selecting a maximum design pressure of 80 - 100 pslg, It s
possible fo keep the 'Flarejector' within the effectlve operating range
throughout the turn down range,

Test and operationzl data obtalned has been sufficlent o enable the drafting

of a proposal to permit steam rate sizlng. This proposal is shown in Figure 6,
The curves are designod to bo used to Indicato practical operating rates and

are basud on definite sito data, Speclfic deta has been obtained on the more
usual hydrocarbon gases with molecutar welghts up to approximately 60. The
curvas beyond this molecutar weight are produced by extrapclation on the basls
‘of equal Increments 1n steam requlrement with [ncreasing numbers of carbon atoms,
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STEAM RATE

Propognls for determinnticn of steam/hydrocarbon
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In general, the steam requirement of the 'FS' Flare Tip Is tess than that of
other designs and wilt [mprove on the figure deduced from the curves when
operating at maximum efficlency. As a speclific example of thls, it is possible
to clte Butadiene on which controlled tests have besn made under the ausplces
of 1 C 1 Wilton in England. A Stesm/Butadiene rate In excess of | wifut Is
normal [n plant employling external steam InJection Flare Tlps, whereas 'FS!
tests produced ratios In the range 0.67 wi/wt o 1.05 max wlth most results
around 0.75. The proposal submlts o #lgure of 0,9 for #hils particular gas
to ensure sufficient avallabl ity of steam with a margin of over capacity.
Simitarly, a propylens test estimated by observers as requiring 0.6 wt/fwt
proved satlsfactory In the range 0. 315 to 0,47 with mean readings around
0.4 wt/wt. Exampte :-

Predlct “the steam/hydrocarbon rate for  From chart approxlmate steam rates
a flare gas having the composition - (al) flgures rounded off for convenlenca) =

n_._L . 2% welght OIA 0.00 » 0,02 [\
ONI& 4% walght ONIa 0.26 ~ 0,04 = 0,01

nu:m 18% welght . nu:m 0.10 x 0.18 = 0,02 .

nuIm 67% weight . Ou:m 0.44 x 0.67 = 0,30

CiHy 5% waight | CyHg .17 x 0,05 » 0,01

nh:m 3% welght nb:w 0.58 x 0.03 = 0,02

Cge 1% welght © Cgr say 0.6 x 0.01 « 0.01 R

. Final steam rate 0.37 whtfut [

Ear|ler testIng on steam rotes have |lnked smoke production to molecular welght
{of mixed reflnery gases) or to the degree of unsaturation, but has not apparently
comblned the two. Consequently, comparison with pubilshed results 1Is difficult, .
However, 1t would certainly appear trom site and publ)shed data that stpam ratos
for smokeless operatlon uslng centre steam Injection arg Invariably In the range

t = 1.5 wt/wt and that external steam inJection is frequentiy 30% 1n excass of
'FS! results at maximum efficlency and some |0 - 158 in excess of figures
predicted by the chart, : . :




NOISE REDUCTION

Extensive nolse tests on the 'FS' TIp have shown that the Flaregas mathed of
Injecting steam into the flare gas stream is substantlaliy quieter than other
methods involving centre steam {njJectlon inside the Flare Tip or externz)
Injectlon from a manlfold and steam heads around the Flare Tip.

From these tests It has been possible to preject nolse production from
the various types of Flare Tip and Figure 7 shows comparative nolse
readings for Flare Tips operating at a nomlnal | ton/hr steam rate.
The nolse levels curves are based on actual tests and fleld data with
steam pressure around S0 psig. The curves are corrected to |0 metres
trem source In order to show a compariscn wlth the 1S0 85 criterleon.

Projected nolse levels at 10 m
from source of flaring with
1 ton/hr steam
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OCTAVE DAND CENTRE FREQUENCY Iiz

F16 7

As may be seen the 'FS' Tip shows a slignlflcant improvement In the nolse leval

during flaring especially
comfort physialogically.

In the higher frequencies whlch cause greater dls-
Consequently, dBA figures are reduced and in general

NOISE LEVELS ~ 'FS' TIP
SPL ¢B | m from source

31,5 Hz to 500 Hz Octave bands
Baslc SPL = 115 + 15.35 log|p (tons of steam/hour)

Octave band correctlons :-
31.5 Hz Baslc SPL from formuta - 4db
" it n n

63 Hz . : - 5d8
125 Hz noow T - 10dB
250 Hz W e - l8dB
500 Kz wooeon e -21d8

IK Kz to 16K Hz Cctave bands

Baslec SPL = 99 + |3, log|g (tens of steamfhour)

Octave band correctlons :-

1K Hz Baslc SPL from formula - 7dB

bt 2K Hz n " " " - 6dB
4K IN " L L} LI - 6dB

BK Hz .o" L} o n - BdB

16K  Hz " " " " - 10dB

Example : -

. 'FS$' 24 Flare TIp burning 4.6 tons/hour of propylene/propane mlxture
at a steam/hydrocarbon rate of 0.32 wt/wt :-

4.6 x 0,32 - a .47 tons/hr
leg gy 1.47 . 0,1675

Steam rate .

Centre band frequencies: 31.5 Hz2 to 500 Hz

4UA readings are approximately 15 - 20 dB below the overall |inear

reaading of

dai for an 'FS' Tip. wIth external Injection, however, linear dB and dBA readings
will be almost equal. :

Tests on the 'FS' TIp have lead to +=m formulation of two formulas whlch senable

prodiction of nolso levels. These formulae are shown together with correction

factors In Flgure 7,

Baslc SPL . 115 ¢+ 15,35 x 0,1675. = {17.6 d8
31.5 Hz - t13.6 dB )
63 ' Hz - £12.6 dB
125 Hz - : 107.6 dB
250 Rz - 99.6 dB
500 Hz - " 96.6 dB

Centre band frequencles: IK Hz to ..mx Hz

Baslc SPL . 99 + I3,) % 0,675 = ICl,2 4B
IK Hz - 94,2 dB
2K Hz - 85.2 db |
4K Hz - 95.2 d8 ,
8K Hz - 93.2 d@
16% Hz - 91.2 dB

Overal! linear reading 1 It das

'A' welghted reeding : - 102 dBA

At 45 m from source ; =

Overatl lineer raading : - B3 dB

'A' welghted reading 1 " 68 dpA

o




Distance from Noise Source -~ metres

Distance and atomospheric absorbtion of nolse must also be consldered in
prediction of noise levels and these eftfects can be determ!ned by retaerence
fo Figure B.

b0 . Correction for point aocurce hemispherical A BC D E "
4 sound diffusion and molecular absorption of
600 air with respect to distance
300 4 -
200 ]
OCTAVE BAND CENTRF
100 | FREQUENCIES
A - 62,5, 125 and 250 Hz
4 B - 500 Nz
50 € = 1K Hz
4 D - 2K Hz
30 E - 4K Hz
F - BK Hz
20 Yalues for air at 70 F
L R.H, > 40%
10 4
5 o
4 4
3
2
F L L3 v v - L - L) 1 L] L .
4] 10 20 30 40 50 &0 0 80 80 Y00

<bw:mnoawmcwnamoncnnwasﬂosmu level (a3 re poupm watt) to give sound
pressure lovel (dB re 2 x 10-9 N/m¥) .

FIG B8

WHAT'S GOING ON

From AUSTRALIA <~ OQur Agents:-

Unlqulp Pty Lid
83 Wil loughby Road
Crows Nest

NSW i
Austrailla 2065

report that the flrst Flaragas Anti-Pol lutant Flare Equlipment to be bul It
In Australia has bean dellvered to C § R Chemlcals Pty Ltd.

The equlpment has been deslgned for the following conditlions:=

Flow Rate (scfm} Mol Wt Compos|tlcn Temp ' OF

co
Maxlmum 31,700 14,6 Ha Amb lent
Co;

CoHs
CzHg
C3Hg
H0
Co,
N2

Sustalned Emergency

76,000 23 320

Hormal 475 15.1 85

To comply with the very stringent requlrements of the Alr Pollution Contral
Branch ot the Dept of Heslth of New South Wales, a Flaregas 'FS-18' Antl-
Pollutant Smokeless Flare Tlp was employed. To satisfy a8 further requirement
of this Authority, to handle the normal flow rate, a spaclal FSU-4" Smokeless
Tip was supplied,




From CANADA -

The flrst Anti-Polltutant Smokeless Flare System has been dellversd to
Gult OIt of Canada Limlted for thelr Polnt Tupper Reflnery at Nova Scotle.
Supplied through the Raiph M Parsons Organlsation In England, the system
inctudes a 24" dlameter stack, 135 feet overall helgh¥, guy-supported,
complete wlth an 'F$-24' Anti-Poltlutant Smokeless Tlp and 24" Flarex Seal.
The 3" Contlinuous Pllots are Ignited by means of the unique Flaregas non-
electric Triboliter Flame Front Generator Panel. O©Cne pisce erection of
the complete stack was made posslble by using a Fiaregas 'strong-back!'.

The equlpment has been deslgred for the following conditlons:-

. o Pressure at
Flow Rate (ib/hr} | Mcl Wi Compeslticn Temp ©F Base of Stack
175,000 €2
{Includes 2,200 18,7 nu 570 3 psig
Ib/hr 505} ¢
4
Rest C| & Hy

An article published in "0l and Gas Journal® May 25, 1970, describas the
strenvous sffort mada on the part of Gulf Cll to provide a pollutant fres
plant.

0f the Flare System, [t stated this:-

"Smckeless Flare

A newly developed Smokeless Flare by Flaregas in the United Kingdom, Is belng
Instalied. The Tip Is 24 ins In diameter, and is capable of smokeless com-
bustion up t0.85,000 Ib/hr of 18.7 molecular welght gas.

Because of its unlque system of asplrating steam Into the burner head, steam
consumption is {ower than usual. Another novel feature 1s the ground-level
ignition system, whlch does not require a power supply. A heavy-duty flint
supplles the necessary energy to ignlte the air/fusl mlixture."

Commlssfoning of the plant [s scheduled for February [971,

From FRANCE = OQur Agents and Assoclated Company -

Alroll Francalse S AR L
23 Rue de Lille

94 Malsons Alfort

France

Megotlatlons have been completed with GEXA/Technip for the deslgn, englneering
and supply of a complete Flare System for the Orenbourg (USSR) Natural Gas
Puriticatlon and Sulphur Productlon Piant.

The complete system has a value in excess of £250,000. It comprises six
guy-supported Flare Stacks, three of which ara 5 ft In dlamater and 90
metres hlgh, the other three belng 2'-6" dlameter, also 90 matres high.
The orlginal concept was for ona of each slze of stack to be tled togethar
as a palr and the comblned structure guy-supported by four sets of six guy
wires. In splte of the complex|ty of the probiem, Flaregas Enginearing
Department, making full use of our computerised stack design facilitles,
produced a complete englneering sofutlon.

"Durfng the long technlcal negotlaticns, and as & flnal declslon, the customer
doclded in favour of six Indlvidual stacks, each one guy-supported. Each of
the 5'-0" dlameter stacks s equipped with a Flaregas FN-60" Flere Tip, 60"
Flarex Seal and Flaregas D!sentralnment Drum. The non-electric 'Tribotiter?
Panel provldes the means cf lgrltlon for the four pllots. Each of the 2'-6"

“diameter stacks [s equipped wlth a Flaregas FN-30" Flare Tip, 30" Flarex Seal
and Flaregas Dlsentralnment Drum, The non-glectric 'Tribollter' Pane! provides
the means of tgnitlon for the three pllots.

ODurlng the Inktlal stages, two scale models were prodicad to provide a clear
Indication of the Intention.

The completed system s scheduled for delivery In December 197].

mﬂms GERMANY = Our Agents and Associated Company =~

Putsatlion Confrols {GB} LTD
4 Dusseldorf - -

P O Box 6433

Western Germany

report that the flrst Jolnt venture betwean Flaregas Englneering Limited and
Pulsatlon Controls (GB) LImlted is mow successfully under way, A Flaregas
system [ncorporating a Pulsatlon Controls Sllencer (In-iIna) has baen purchased
by Uhde for Sala, Czechoslovakla,

The system Includes a Fiaregas Non-Smokeless Flare Tip, series FN-42", a
Flaregas Flarex seal, slze 42", a 10 metre [ong 84" diameter Stack Riser,
and a custom bul It Pulsation Controls Line Silencer, An explosicn-proot
Flame Front Genarator Panel Is also balng supplied to {lght off the four
pliots mounted on the Flere Tip.

The Flarex Seal, Sklencer, Stack Riser, Platforms and Laddars are belng
manufactured In Germany = the Flare Tip and Panel In England,






