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Technical Roport No. 15036-4' described a vortex burner for
siudying the flame stability of &-wide variety of fuels and fuel mixtures.
Tre influence of certain bu*nér parametere was Jescribed and those which
required farther investigation were discussed,

Thia repori is a supplemenit <o Technicsl -Repsri ¥o., 15556-4 and
descritbas the results of further iiivestigations of the burmer. iescrited
in this report are the influence cf the tewuperature of lhe air end of-the
fuel aon tie stability of resulting lean flames, the ranze of useful ager-
ation of thre turner in a possible practiesl spplication; the wudifi:ation

of the turner Sy the installation of e Smitheils? tube in order that rich

L7

tability Limits may te studied, and the pressure drop through the burner

2
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anG lines over a wide rarge cf air rates., Still to be studied is the in-

fluence on flame stability of turner nozzles with divergent recovery sec-
tions longer then three inches.

MODIFJCATION OF APPARATUS

The construction and operation of the vortex burner and its aux-
iliary equipment were described and illustrated in Technical Report No.
150364, The burner used in the presert experimarts was essentially un-
chenged., A nozzle with a 1/4-in. throat and a 3-in, recovery section wea
used. A manometer end suitabie Bcurdon gaugee were installed to messur2
back pressure in the eir line at the metering-orifice outlet. These had
no influence on the operation of the burner. Other modifications made
for a specific purccse, such as the use of e Smithells tube for studying
rich and lean blow-off limits, and the use of a refractory surfece hear-
ing a thermocouple to study the range of usefulress of the burner, did
not change the principle of operation, nor did they affect the behavior
of lean fiames to an appreciabls extent,

In the studies cf pressure drop, ell four tangential air-admis-
sicn ports were open, Tris was done to rcduce to a minimum the preasure,

It was shown in Technical Report ln, 15036~4 that {lame stability was in-
dependent of the rumber of air-admission ports whicl. were open,

T AIR GND FUE
= RBrAVe]

RA i
N STABILITY QF ERCES

Tre infiuence of the tecperature cf the alr ard >f the fuel on
{lame 8tability was studied at given temperatures in the range of 34 F to

127 F, using propans as the fusl,
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Figure 1 shows stability curves at the extremes of the tempera-
ture range. The zurves for the irtermediate temperztures would lie be-
twesn the two curves shown, They have been omitted in the interests of
clarity.

Figures 2 shows the influgnce cf bath temperature on the fuei_re-
quirsmenis st blow-cff at five air raées. t an air rate of gbout 21 1i-
ters per minute;increasing the mixture temperature from 34 F to 187 ¥ re-
duces the fuel requirement at the stability 1imit from 569 to 516 ce yor
win, cr- 9,4 per cert, At the top air rate of abcut 43 Jiters per miruta,
tre same change in temperature perrits the use of only“8.3 per cent lect
fuel.

Firure 3 shows the infiuence cof bath tempersture on-the fuel rg-
gquirements at the stlabllity 1imit, the linear velocity in the threat, ani
the back rressure in the air ling at an air rate of about 48 iiters, The
volumetric fuel {lows are shown both as metered at 70 F and at the vary-
ing ‘hroat tempersiures between 34 F and 187 F. Thé average velocity in
ths throat is shown for air flew alare and for fhe combined air and fuel
flows. The pressure drop is that measured in the air line between the
burner ard the air-metering-orifice ocutlet,

?ron these results, it is teiieved desiratle to investigate the

. influence of the temparature of the burner on fisme stability over « much
#ider range of temperature, This will require & heated turner nozzle te-
esusa i1 is not degirsble to preheat tha fuel above 200 F, Envisicned for
+4fis voerk is a burner nozzle vwith & longer recovary se#tion which has &
thin wail., The recovery section could then project above the waier bath

and te-heated or cooled externslly, as desired, indeperdently of ths water

Ny
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FIGURE 3. INFLUENCE OF TEWPERATURE OF AlR AND FUEL ON
- .~ CFUEL REQUIREMENTS, VELOCITY AND BACK PRESSUKE

Tewerature, F

AT ONE AIR RATE ON A VORTEX BURNER
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USEFUL OPERATING RANGE OF
- THE VORTEX BURNER
i “With the possibility of practical appilcations of this nev
lg burner in mind, the limits o!“mel-cir mixtures within which efficient com-
?‘ bustion occurs were studied by temperaturc measurements in the flame, 4
E silica insulating brick was pierced in the center of its 4~1/2 in, by 9-
i in. face and a Clromsl-Alumel thermocourle was placed in the hole so that
r the metallic juncuon just protruded from the surface of the brick. The
z brick vas placed lbove the port of the vortex burnex- so that the thermo-
% couple wvas app-oximately on the axis of the burner and about ‘two in. abovs
g the ™rner port. Tho an;ngmnt is shown schematically in Figure 4.

—ryr

00w 888 .

s k=
bath, which would serve to keep the fuel cooled below the cracking point
until it was mixed with the air in the throat and passed into the combus-

tion sone in the recovery section,

In the experinental vork, a flamp was ignited on the vortux
burner with*the thermocouple-bearing brick in place. The fuel flow was
then reduced until the flaze was barely stable. This {lame was maintained
until periodic readings on the potentiozeter shoved that temperature equi-~
1ibrium had bee.: reached. Then the flow of fuel was increased ty conven-
ient increments, urntil the temperature c¢f the thermocouple dropped off
sharply and the flame became large and of a configuration which would te
useless in resleasing heat rapidly in a small voluxe.

Figure 5 shows the change in the temperature of the thermoccuple
vith change in the composition of methane-air mixtures at air rates of

13 and 47,7 liters per minute on the vortex burner. If the empiricelly .
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5
obteinad teaperature level of 650 C is srbitrariiy teken as the limit of
satisfactory usefulness, thei: the busner is useful with mixtures contain-
ing from 60 to 130 per cent of theoretical air ‘.t high air rates, and from
60 to 140 per c;nt of theoretical air at low air rates,

This empirical method of testing appears to be satisfactlory for

evaluating the limits of usefulness of the vortex burner.

- ‘&

To atud'y rich stability limits with the vortex burner, a
Smithells flamm-separator tube is installed to exclude ambient air from
the environs of the burner port. No other modifications to the burner
proper ars required.

Figurs 6 shows schematically the arrangemert of the burmer and
the Smithells tube. The bottom of the Smithells tube ex{emds telow the
level of the vater in the constant-temperet:re beth surrounding the hurner.
A spray of water was directed against the outer periphery of the Smithells
tube to maintain the tube approximately at a unifore temperature that cone
sistent data might be obtaineld,

With this arrangement, leen blow-off was studied by the proce-
dure cutlined in the Technical Report No., 15036~4. To determine the point
of rieh blow-off 8t s given air rate, the flovw of fuel was increared by
convenient increments until the vortex flame 1li{ted from the burmer port,
rose up the Smithelle tube and burned in a large Bunsen-type {lame on the
1vim of the Spithells tube, If the {low of fuel wvas ther decreasel by one

{ncremer.t the flame fiashed down tne Smithells tute end burned stably in

i
J'
 — i i a—
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the recovery section of the vortex burner, This point is quite sharply
defined and represents & raproducible messure of rich blow-off.

Figure 7 shows lean blow-off curves for methane flames on the
vortex burner vith and without a Smithell tube. Also shown is the rich
blow-of{ curve obtained when the Smithells tube is used., The double re-
versal in the curvature of the lean blow-off curve obtained with the
Smithells tube is believed to be caused by somes variations in the degree
of external cocling of the Smithells tube by tbe water spray.

The results of these experiments indicate that a further inves-

iigation of both lsan and rich blow~off using a more refined, water-jack-

eted Smithells tube snd a variety of fuels should give useful information.

RE _DRQP GH
AND DELIVERY LINES

The pressure drop through the bprner ané the air delivery lines
is important btecause it is convenient to operate metering orifices within
the range of critical flov, Thus, the ratic of driving pressure to back
pressure at the orifice must be about two or greater, Careful measure-
ments ¢~ "ressure dreps in the system have shown that the majer portion
of the total pressure drop occurs in the 1/8-in. pipe lines making up the
system that delivers fuel and air from the orifices to the burner, The
earlier use of 1/4-in. lines permitted periodic cscillations in the sys-
ten at low flew rates that inte-fered vith stsbility studies by extinguish-
ing the flampes prems‘uraly,

re solutior, therefore, was to reduce the size ~f the lines gnd
to use = single orifice or cenbinevion of two er three sizes to give criti-

cal fiow at tre dasired Yiow rates,
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Figure 8 shows the results of calibration studies of the rates

of flow obtainable with three different single orifices and their combus-
tions cperating in the range of critical flow., It is evident that,with
driving pressures of 20 to €0 peig, flow rates of 11 to 141 liters per

ainute can be attained in the present system, which is satisfactory.

v - T_H1
418 RATES ON THE VORTEX BURNER

Prelimirary work has shown that the vortex burner can be used

to study the blov-off of flazes at high air rates.

Figure G shovs the air-fuel cozposition of the methsne flames
at blow-off over a range of linear air velocities in the burner throat,

Air velocities up to 160 feet ver second in the throat can be used, with

» T P
.

tolerable pressure drops in the burner itself,
Figure 10 shows tho pressure drop end velocity in the throet

for methane-air mixtures at air rates up to 93 liters per minute on the

vortex burner,

GONGIUS 106 AND COUENTS

Ap a result of this investigation of the characteristice of the
vortex burner for studying hydrocarbon {laces, the following conclusions

\

\; 2ay be drawnt

f

!‘ ‘¢ Flare stability is dependent cn the temperat:ure of
. tne air Aand ! tre fuel admitted to the burner, An

l increase in the temperature of tre urburnad react-

l arts produces an incresao in Clame statility, that

! lo, st u given eir rute less fuel is required when

{ the rsactantc are at a higber tezporature than whon

} they are at & 1ov tcarerature,

t

{

~oaw 08
.

4
. £ )
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2. The practicai operating renge of the burner
vith methens—-air {lames appears to include
mixtures containing 60 to 140 per cent of
theoretical air, This factor requires fur-
ther study with other fuels and fuel mix-
tures.

3, The vortsx burner fitted with a Sxzithells
tube shculd prove useful ir studying the
behavior of mixed fuels at rich blow-off.

4L, Tha rather hignh pressure drop erncountered
in the system sppears to result fram the
length of tte supply lines and the pres-
ence of mumerous fittings. Iarger lines
vould reduce pressure drop, but they were
unsuitabdls at lov Tlov rates because of
oscillaticns induced in the system.

5. The vortex burner, in its present form, ap-
pears to function satisfactorily in blow-off
studies with lean flames at gir rates up to
93 liters per minute, air equivalent to ve-
locities of up %o 160 fpe in the throat.

The work suggests that it would be of interest to study the ef-
fect of externally heated recovery sections on the nature of hydrocarbon
flames, Further studies should be made of blow-off at very high air rates
and also of the pussibility of usirg larger air lines to permit higher

rates of air flow,
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