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11, SWMARY OF WORK CONDUCTED DURING THE PERIM

Blowoff Velocities of Flame Holders

The study of the effect of system geametry upon blowoff ¥elocities of
a spherical flame holder was concluded, Comparisons are made between data
obtained for burning into the atmosphere and burning into a test chamber,
The effect of nozzle size on blowoff velocity is diseussed.,

Combustion Chamber Design

gpgpggg:ligpg_gggpggﬁ}gp Ggggpgp - Testing of the ceramic-lined combus-

tlon chember has been delayed so s to construct an adequate test stand for
this burner,

Pressure and Temperature Effeets on Combustion

Existing equipment was modified in order to determine the effect of
elevated temperatures and varying pressures on flame speeds, Preliminary
deta has been obtained but is not presented,

Flow Associated with the VeFlame

The frequency of the tone emitted from a 1" x 1" x 24" combustion
ohamber was recorded and compared with the theoretical predietion. Good
agreement was found, The effect of the resonant condition on blowof?
velocity was noted,

Detonation
Fuel-air mixtures of acetylene~oxygen were successfully detonated

with a ghock wave. A wedge was installed to ealibrate an electronic timing
circuit that has been partially completed,

Blowdown Equipment

The effect of increasing nixture temperature upon the blowoff
velocity of a spherical flame holder was determined, It appears that the
blowoff velooity for a glven sphere is a direct funotion of the tenpera-
ture of the entering mixture.

Experimental Techniques

A device for accurately measguring small time intervals has been
completed. - Preliminary tests have been made.

Design and fabrication of the interferowster is being continued.

Page 2
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III. PROGRESS

Blowoff Velocities of Flame Holders

The study of the effects of system geometry upon blowoff velocitles

was concluded during this period. The blowoff velocities obtained under

. vacuum whieh were previously reportedl, were obtained with a 3/8 inch
dismeter nozzle in a rectangular test chamber 10" x 12" x lQ?. The effect
of this chamber on blowoff velocities of the unconfined jet was deter-
nined for various heights of the flame holder above the nozzle by.using
a 1/16 inch diameter spherical flame holder and a constant propane-air
ratio of 0.080.

~Figure 1 shows the effect of confinement of the flame upon dblowoff
velocities at various flave holder heights above the jet. The data in
Ficure 1 is for a 5/8 inch diameter nozzle. Figure 2 shows the same com-
parison as Figure 1 except that data is for a 3/8 inech diameter nozzle,
.8 may be seen from a comparison of Figures 1 and 2, the addition of the
test chamber has a more deleterious effect upon blowoff velocity for a
5/8 ineh diameter nozzle than for a 3/8 ineh diameter nozzle. Both of
these series of tests were conducted with glass wool and 100 mesh screens
upstrean of the nozzle.

In Figure 3 the height of the flame holder above the nozzle is
plotted versus the mass velocity at blowoff for the 3/8 and §/8 inch
diameter nozzle, both unconfined and containing glass wool and 100 mesh
screens upstrean of the nozzle. From this figure it may be seen that
higher blowoff velocities are obtained with the 3/8 ineh nozzle than with
the 5/8 inch nozzle at flame holder heights up to about 7/32 of an inch
above thé nozzle, - At flame holder heights greater than 7/32 inch, the
'5/8 ineh diameter nozzle is superior.

Figure 4 is a comparison of the blowoff velocities of the 3/8 inch
diameter and 5/8 inch diemeter nozzles when the glass wool and 100 mesh
screens are removed from the chamber upstream of the nozzle, This figure
shows that blowoff velocities for the 3/8 inch diameter nozzle without
the glass wool, not appreciably affected by the superposition of the
test chamber. (These were the conditions used to obtain the da¥a under
vacuum previously reported.) The difference between the effects of the
two nozzles for these eonditions is about the same as for the conditions
of Figure 3, i.e., at low flame holder heights, the 3/8 inch diameter
nozzle yields highest blowoff vdlocities. It should be noted that it wese
impossible to ignite the mixture while using the 5/8 inch diameter nozzle
without glass wool upstream of the nozzle with the burner outside the
test chamber when the flame holder was at O height. It was impessible to
ignite the mixture at any height of the fleme holder above the nozzle
when the 5/8 inch nozzle, without glass wool, was placed in the. test
chamber.

Page 3
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Figure 5 compares the 3/8 ineh diameter and 5/8 inch diemeter
nozzles, into whiesh glass wool and 100 mesh screens were inserted up~-
stream, whan they were used inside the test chamber. Again, the use
of the 3/& ‘ineh diamster nozzle resulted in a higher meas velocity at
dlewoff folow flame holder heights, but the 5/8 inch diameter nozzle
had a much wider range of operation.

Figure 6 shows the increage in mass velopity at blowoff obtained
in a 5/8 inch diameter noszle, cdbtained by adding glass wool and 100
mesh sereens upstream of the nozzle.

Pigures 7, 8, and 9 are shadowgrephs of flames burning from a
spherical flame holder, showing the effest on ocombustion of adding glass
wool upstresm of the 5/8 inch diameter nozzle, at different heights of
the flame holder above the nozzle. PFigures 7 and 8 may be campared,
-since they are of bdurning aﬂ; essentially the same mass velooity.

This work eoncludes the testing program of blowoff velosities in
‘System 3.4 The blowoff data obtained with this system ineluded testing
four spharieal flame holders, with pine fusl-air ratios at pressures
from 0.4 to 1 atm. with a 3/8 ineh nozzle. In addition, tests were
performed whieh showed the great effect of system geometry upon blowoff
veleocity, i.e., eight nozzle sizes, different heights of the flame holder
sbove the nozzle, as well as the effects of . Wan of glass wool up~
stream of the nozzle and super position of test chembers upon the free
Jetse All the above data will be further enalyzed. In general, it was
found that a ratio of test shamber area tonozzle area of 1300 to 1 did

- not differ apprsoiably from an uneonfined jet, but that a ratio of 400
ta 1 di4 have a disadvantageous sffeet on combustion.
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Pressure and Temperature Effects on Combustion Processes

The apparatus used to study Bunsen flames at elevated temperatures
and at various pressures was modified. Experiments were initiated in order
to gain information on the aeffect of pressure and temperature on flame
speed for propane-air mixturés, The pressures were varied between 4" Hg.
and 6 atmospheres. The fleme cone appears steady with inlet gas temperatures
as high as 400°F, It is contemplated that ethylene and air mixtures will
also be tested. It will be attempted to study flemes at temperatures up to
the auto-ignition point of the inlet gas mixture.

Page 14
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Combustion Chamber Design

ggggggg:l;ggg”gqu§§§§2q~03pmpgp - Testing of the cersmic-lined
combustion chambar was delayed during the last periocd, This time was
devoted to the construetion of a test stand for the burner, since prelim-
inary experimenta imdicated that it was hazardous to test the burner on

existing faollities. A Tow details of construction need to be completed.

The test stand has been designed to provide an air flow rate of
twelve pounds per second with the necessary fuel flow for burning in
Y this air. Instrumentation to provide for measurement of all essential
quantitles has been provided.

The procurement of materials for the burner has been continued,
and a variety of materials sre now on hand on which tests will be
conducted,

Page 15
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Flow Associated with the V-Flame

The frequency of the tone emitted from the 24" x 1" x 1" combustion
chamber previously described was recorded by means of a cathode-ray
oscilloscops and a high-speed camera. This frequency was recorded for
a baffle type flame holder located at various positions along the length
of the chamber. All data was taken at one jet velocity V; and at two
fuel-air ratios. The results of these data are plotted i Figure 11,
showing frequeney (2 ) as a function of flame holder position (Z). As
evidenced by a sample oscilloseope record, (Figure 10) the pulsations
emitted from the chamber are mede up of several component frequencies.
Inasmuch as the large amplitude pulsation is the one of most intereat,
the frequency of that motion is the one plotted in Figure 11,

In Figure 11 is also shown the variation of frequency of tone with
flsme holder position obtained from the equation5 '

e, 0 TAV Zn (%) |, b, TAM 2/ J¥ . (Bquation 1)
.y <,
where C = velocity of sound
L = combustion chamber length
¥ = resonante frequency
X = distance of flame holder from c¢ombustion chamber
entrance
T = ratio of specific heats

subscripts 1 and 2 refer to unburned and burned gases
respectively.

The temperature ratjo used in the calculations was the maximum
obtained exverimentally,$ hence the curve plotted is for ome F/i ratio
only. 4s an approximation & . was assumed equal to &, .

The comparison between the experimental and theoretical values as
stown in Fimure 11 is goode This agreement, and the agreeument of

Figure 10

Sample oscillograph record of sound emitted from
combustion chamber for a particular fleme holder
position. Run #B87c. 120 CPS pulse was used as
a timing mark.

Page 16
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I Rxperimental Value for
Rieh F/A Ratio

T Experimentel Velue far
1" Lean F/A Ratio

The length of line represents

\ ‘ sxperimsutal ascuracy.

\ o “ - |The solid line is the frequency
] predicted by equatien- 1. .

Jet speed of cambustible propane-air

hixtzrp: was ‘gonstant at 1g £t/sec.

I

T
‘ .
L |
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-t {—

200
100
O v .
0 B u‘ ' . ) 17& l&g ' loe 2.0
R = Distance from Combustion Chamber to Flame Holder in Feet
Figure 11

FREQUENCY OF TONE EMITTED FROM A 1" x 1" x 24" COMBUSTIN
CHAMBER. AS A FUNCTION OF FLAME HCIDER POSITION
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Detonation

The diaphragm holder for the shock tube has been re~machined; rupture
of the diaphragm is sufficiently rapid to ignite acetylene-oxygen mixtures,
but propane-air mixtures have not yet been detonated. A wedge has been
inserted in the tube for measurement of speed of gas flow,

An electronic cireuit has been suceessfully constructed to measure
the speed of a detonation front as it passes between two ionization probes
in the tube. Preliminary measurements have been made in a pipe of circular
cross-section; probes have been inserted in the ghock tube,

Information has been obtained on two methods of making fast shadow-
graphs for the purpose of viewing the detonation front,

Page 19
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Blowdown Systen

The effect of inlet mixture temperature on the flame-holding
ability of a spherical flame holder has been tested ahd graphed (see
Figure 13). ¥quipment and test set-up used has been essentially des~
eribed® with a few minor changes. Good mixture distribution and closer
temperature and air flow control wes provided in the modified set-up.
Total pressure drop from the point of measurement to the nozzle jet was
measured, as well as the temperature at the jet. The spherical flame
holder used in the tests was 0,125 inches in diameter; the diameter of the
jat was 0,625 inches. The flame holder wus located within one-eighth of
an inch from the lip of the nozzle to minimize turbulence effects. Fuel-
air ratios used in the tests were those which would provide maximum blowoff
velocities, at a given inlet temperature. The effect of small changes in
fuel-air ratio upon blowoff velocity at points extremely near the maximum
blowoff velocity, is not very critical. Hency, the variation in blowoff
velocity from a slightly rish mixture to a slightly lean mixture is so smsll
as to be nearly negligible.’ Thus it was felt that the blowoff velocities
obtained were maximun,.

From Figure 13 it can be seen that the blowoff velocity is a direct
function of the inlet mixture temperature. It is expected that as the
mixture tewuperature is increased to the.point at which spontaneous ignition
takes place, the amount of heat necessary to be supplied to this mixture by
the pilot zone aft of the flame holder, would be deereased. Therefore, for
a given amount of heat supplied to the incoming mixture by the pilot zone,
the mass flow which can be heated to ignition by the pilot zone increases
as the mixture temperature increases. OSince the mass flow per unit time is
the product of density, area, and velocity, then for a given density and
area, the blowoff velocity of the mixture is also increased.

It was noted that as the temperature of the mixture was increased, the
downstream side of the flame holder glowed brighter and brighter, the color
increasing from a dull red to & brilliant yellow., at the maximum inlet
temperatures tested, spontaneous iguition of the mixture in the nozzle
anpeered imninent,

Fage 20
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Experimental Techniques

A device for conveniently and accurately measuring small time
intervals has been eompleted. The device uses thyratron bleed on a
resistance-capacitance network to measure time. Two thyratrons are
controlled by the circuit to be measured~-one initiates the M¥leed and
the other stops it. The voltage at a proper point in the R-C network
indicates the amount of bleed and hence the duration of bleed.

Interferometer - Cost estimates for the Schlieren assembly and
miscellanecus parts have been received. Fabrication is pending final
checking. Detail design of the projection box assembly is being
continued. Preliminary design of the control system has been

started.

An electronic flashing unit has been designed and assembled for
flashing a B-H6 mercury lamp. The air supply for cooling the B-HE
lemp in oentinucus operation has been assembled. Work on the two~
inch interferameter is being ocontinued.
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