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SUMMARY

The burner facilities at the Standard 0il Development Comp-
pany at Bayway, New Jersey, became available for test work in Decem-
ber, 1945. These facilities essentially consist of a comprsssor and
furnace capabie of supclying up to 13# air/sec. at a maximum tempera-
ture of 600°F,, two test cells with a common control room, and a small
office building. This equipment is being used to study 6 inch burners.

Previous work on gutter type flame holders carried out at
the Forest Grove Station of Johns Hopkins University demonstrated
that smooth and fairly efficient hurning was obtained, but that igni-
tion wes difficult above an air rate of 9 1lbs./sec. To burn at Ligher
rates it was necessary to ignite at a low air rate and increase the
amount of air after combustion had been previously iniated. In the
present work, investigation of the air pressure at variouc points in
these burners before combustion started showed that immediately down-
stream from the flame holder the vressurs was below atmospheric and
the velocity above sonic. Since it is known that low pressure makes
ignition difficult an effort was made to ignite in a zons of higher
pressure. This was accomplished by placing two fleme holders in series
and igniting at the unstream fleme holder where the pressure was higher
due to the effect of the downstreem flame holder. Using this principle,
burners capable of spark ignition over a wide range. of air/fuel ratios
at an air rate of 1l 1lbs./sec. have been developed. These burners
develop approximately 80% of thaoretical thrust at 15:1 air/fuel ratio
and 85% of theoretical thrust at 22:1 air/fuel retio. The air specifioc
impulse is about 150 1lbs. per lbs, of air/sec. at an air/fuel ratio or
15:3.. The actual thrust under these conditions is about 1000-1100 pounds.

The drag of the atomizing section, the ignition section and
the burner walls, as determinec¢ from thrust and pressure measuremsnts
during burning at 15:1 air/fuel ratio and 11 1lbs,./sec. of elr, amounts
to about 11% of the thrust develoaped or abhout 4 p.s.i. for one of the
burners.

While a spark, tracer or some other source of ignition is
necegsary to initiate burning, maintenance of combustion does not
depend on these ignition sources, and burning, once started, will con-

de B omonm  esed deYamiade  Abe oen
LALIUT WL LUUMU LIS,

Investigation of this type of burner is being continued with
the immediate objective of developing a model suitable for flight
testing. In parallel with this program a study of the influence of
changes in gedmetry of the design 18 being mede in order to arrive at
a better understanding of the variables thet determind suoch charac-
teristics as efficiency, ease of ignition and range of air/fuel ratio
over which smeoth burning cen be obtained.

PDN 4136
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INTRODUCTION

This report covers the work done by the Standard 0il Develop-
ment Company on ram-jet burners for the Navy Bureau of Ordnance under
Contract NOrd-9233 during November, December, 1945 and January, 1946.

The testing facilities at Bayway, New Jersey, are being con-
structed under Contrsct NOrd-(F)1l414, were made available for test
work in December, 1945, The data given in this report were obtained
with these facilities while the data in two previous reports {PDN
3980 dated October 10, 1945 and PDN 4050 dated November 10, 1945)
were obtalned at the Forest Grove Station of the Johns Hopkins Univer-
sity's Applied Physios Laboratory.

The work on gutter type flame holders reported in PDN 3880
and PDN 4050 demonstrated that this system was capable of giving
smooth and efficlient burning, but that at high air rates ignition was
difficult. Although large oxy-ethylens pillot flemes were used and
the geometry of the flame holder was wvaried, ignition could not he ob-
tained at air rates over 9 lbs./sec, However, if combustion was
started at an air rate below 9 lbs,/sec. the air rate could be in-
oreased above this value without losing combustion. It was also
shown that ocnoe combustion was initiated it could be maintained with-
out the pilot, It was found that the combustion efficiency dependled
on flame holder design as well as fuel distribution and tail pipe
length.

Tais report desceribes the results of testing several flame
holéer and fuel injector designs. These various designs were tested
in an effort to improve ignition characteristics and combustion ef-
ficiency over that of previous models,

FACILITIES

Alr is supplied to the facilities at Bayway by a steem
driven turbo-compressor; steam and other utilities being supplied by
the Bayway Ref'inery of the Standard 01l Company of New Jersey. Eleven
pounds a gecond of air is supplied at a pressure of 95 p.s.i. and
somewhat larger quantities can be supplisd at a lower pressure. The
air, leaving the compresscr at a temperature of approximately 240°F.,
can be heated to 800°F, in a ges firad furnace. From the furrsce the
air pesses through a metering orifice and s vasumatically cperated
control valve into either of two test celia {only one of which is in
operation at present). Burners in these cells sxhaust directly into
the atmosphere through 8 f{. square openings which can be c¢losed when
the burner is not in operation. The office building and the control
room are of sound resistant construction.

PDN 4138
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Fuels are stored in two 10,000 gal, and two 1,000 gal, tanks.
They are supplied to the byurner from three 75 gal. blow cases which
can be pressured to 300 p.s.i. with inert gas.

Figure 1 is a photograph of the compresser house, the furnace
and the builéing containing the two test cells and the control room.
The air line leading from the furnace to the roof of this building and
into the two test cslis can be ssen. The openings of the test cells in
the low laboratory buillding are visivle. The large black building con-
tains the compressor angd its auxiliary equioment.

PDN 4136
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Figure 2 shows the instrument vanel. At the left of the
panel the fuel flow is indicated by four armorsd rotameters in series
covering a range from .05 to 1.0 1lbs./sec. To the right of the rota-
meters, sir pressure, temperature and rate are recorded and controlled.
On the right of the panel i3 a bank of manometers and several pressurse
gauges for studying pressures at various points in the burner. Thrust
and one pressure are autounatically recorded, and temperatures ere in-
dicated by an electronic potentiometer.

FIGURE 2

PDN 4136
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Figure 3 is a diagrammatic sketch showing the technique cf
measuring thrust, The burner is mounted on rollers and is connected
to the air supply by flexible tubing so that it is free to move in a
direction parallel to its axis, The thrust of the burner is trans-
mitted to a lever which transmits the force to a commercial position
controller. This position controller holds the lever in one vosition
by opposing its force with air pressure behind a diaohragm. This air
oressure is recorded on the instrument panel. The instrument is cali-
brated by means of weights which can be connected to the burner by
pulleys. This tyve of tvhrust meter gives a measure of the momentum of
the gases leaving the tail pipe. The increase of momentum of the gases
due to combustion rather than the momentum of the gases leaving the
burner is of interest in this study; so the thrusts reported here are
the thrust meter reading less the momentum of the alr entering the com-
bustion zone. This measurement is not influenced by drag in the equip-
ment. Pressure measurements in addition to the thrust measurement are
necessary to determine the internal drag.

FIGURE 2o

FLEXIBLE PIPE

BURNER-—-\

-
TO MANOMETER

ﬂ_{,mnust METER

SCHEMATIC DIAGRAM OF BURNER ARRANGEMENT
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EXPERIMENTAL WORK

A disgrammatic sketch of the burner i1s shown in Figure 4.
The air flows through an inner body diffuser sunvorted by vanes which
tend to damp out rotation thst might be in the entering air stream.
Fuel is injaoted immediately after the inner body and avproximately
20 inches is allowed for mixing of fuel and air. The mixing section
is followed by one or more flame holders and a tail pivoe - generally
four feet in length. Pressure taps are located at various points along
the burner. A photograph of a burner mcunted for testing is shown in
Figure £. This burner, made of flanged sections of 6 inch pipe, is
mounted on rollers and is connected to the alr sunply by means of a
flexible pipe which can be seen in the uvper left portion of the photo-
graph, The wires leading to the tail pine are thermocouples and the
conover tubes are pressure tavos,

The runs reported here were made with No. 1 solvent naphtha,
the insvections of which may be.found in the anvendix.

Sseveral combinations of diffusers, fuel injection systems
and flame holders were used. A number system has been devised to
identify the components in the combinetions, and & descrivtion of this
system can be found in the anvendix.

FIGURE 4

NO. ! FLAME HOLDER

K NO 2 FLAME HOLDER
. VARIABLE LENMGTH
\ I—‘ TAIL PIPE
il jﬂ_ M

FUEL INJECTION
THRU VENTURIS

m.___ M

[
AR AN - L l » %
&

INNER BODY 1
INLET 5'LG X 4" 0D, - \|.|;~ - ..I_ -
i L [ Ao g 0
\ PRESSURE wﬂ l ?,\

|
\_SUPPORTING VANES WHICH TR T T drann feniniun
SERVE AS STRAIGHTENING SECTION VARIABLE LENGTH
MIXING ZONE

SCHEMATIC DIAGRAM OF BURNER MODEL
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1. Pressure and Ignition Studies

The results given in tvhe previous progress revort (PDN 4050,
dated November 10, 1945) covering work carried out at the Forest Grove
Station at Johns Hopkins University demonstrated that ignition with
the single V-gutter flame holder was difficult at high air rates, It
was demonstrated that increasing the intensity of the ignition source
would increase the air rate at which ignition conld be obtained, but
that these gains were small with the hydrogen and ethylene-oXygen
pilot flames employed.

Measurements of pressures without burning were made using
the tvpe flame holder shown in Figure 6 of this report and a typlcal
curve of absolute pressure as a function of distance along the burner
is shown in Figure 7. This run, made at 11 ibs./sec. in a 6 in. burner,
shows that the pressure is well above atmosoheric upstream from the
flame holder, but that immediately downstream from it the pressure
drops below atmospheric and continues in this condition for some dis~
tance along the tail pine. The conditions existing in this section
show that the velocity is above sonic so the flame holder apparently
scts as & supersonic nozzle.

FIGURK 6
V GUTTER TYPE FLAME HOLDER 3"
LB
L] 5 ”
| .. /%
- ___-_____.;‘d_
I '1//!//1/////

i
IZ'STD.PlPEJ \

Y IOIIATEIIIIENS

I FLAME GUTTER SECTIONS A.A.
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FIGURE 7

PRESSURE AND VELOGITY PROFILES OF BURNER WiTHOUT

COMBUSTION WHEN USING SINGLE FLAME HOLDER

BURNER NO. 2-2A4-4G-2.

INNER BODY DIFFUSER, 4

FUEL VENTURIS, 31" MIXING SECTION, 4' TAlL PIPE, 1"
GROSS FLAME HOLDER.

—— RUN 1l OF 11/728/4¢ DATA.
AR FLOW: 108 LBS./SE|C.
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It 1s known that the spontaneous ignition temperature of
this type of fuel increases rapidly as the pressure is decreased
below one atmosphere; so it was suyrmised that low pressure immediately
downstream from the flame holder wss at least partly responsible for
the igniticn difficulties.

In an effort to initiate ignition in a zone of higher pnres- ,
sure a burner was tried with two flame holders in series with the point
of ignition in the central cavity of the upstream flsme holder. Pras-
sure as a function of distance along the burner for such a system is
shown in Figure 8. It can be sesn thet the pressure is above atmos-
pheric between the two flame holders, and that it drops below atmos-
pheric downstream from the downstream flame holder. It was found that
a spark placed in the center of the upstream flame holder gave re-
liable ignition at an air rate of 11 1lbs./sec. while with a single
flame hollsr ignition could not be obtained at this air rate even
with large heat inputs from a pilot flame. With this type of burner
the spark was pnot needed once combustion was established.

PDN 4136
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FIGURL 8

PRESSURE PROFILE OF BURNER WITHOUT COMBUSTION
WHEN USING TWO FLAME HOLDERS

BURNER NO. 2-1A3-i0D4. INNER BODY DIFFUSER, FOUR FJEL INJECTOR
SYSTEM: NEEDLES, 21" MIXING SECTICN, 54" TAIL PIPE, FlRST FLAME HOLDER
/4" "Y"-GUTTER, SECOND FLAME HOLDER 6" DOWNSTREAM I "Y'
I GUTTER WITH LS"DIA. CENTRAL OPENING.

|

RUN NO. 7 'OF 1/9/46 DATA
AR RATE 11.25 LBS/SEC.

30
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Table 1 summarize$ the range of air/fuel over which spark
ignition and combustion was obtained for several different burners
using two flame holders. The range of spark ignition was determined
by setting the eir and fuel rate before turning on the spark.

The burners described in line A gave burning and spark ig-
nition over a range of A/F from 33 to 14.6. However, burning became
rough ovver the range of 16.5 to 14,6, In an attempt to reduce the
pressure drop of the system the width of gutters on both flame
holders was reduced by 1/4 in. As shown in line B, ignition was not
obtained. These date and data previously reported (progress report
PDN 3980, dated October 10, 1945) showing thet 1/4 in, gutters did
not maintain smooth burning at high air rates indicate that the minimum
gutter width for this design may be around 1/2 in.

Line D shows the effect of changing from venturi fuel in-
jection to radial injJection needles. The range of smooth operation
was increased on both the lean and rich side, but spark ignition was
not obtained at mixtures richer than A/F = 22, This difficulty of
rich mixture ignition seemsd to be characteristic of all burners using
injection needles,

Previous 18 in. burner work carried out by the University of
Virginia Burner Group at the Ione Ster laboratory indicated that a
straightening section mounted upnstream from the point of ignition had
improved the smoothness of burning. Run G was made with a straighten-
ing section mounted uvstream from the upstream fleme holder. Spark ig-
nition was obtained over the range of 34 - 24 air/fuel ratio and smooth
combustion was obtained over a rangs of 41 -~ 12.3 air/fuel ratio - the
widest range obtained at this air rate.

Line C shows that the burner described in line A which operated
quite well would not ignite when the straightening section was installed.
Line H describes another burner using a straightening section which would
not ignite. The only difference between this burner and the operable
burner in line G was that the hole in the center of the downstream . lame
holder was not plugged. An effort wos made to improve the ignition range
of the burner in line D by plugging the center of the downstream flame
holder. With this arrangement rough burning was obtained at mixtures

richer than 23 air/fuel ratio and burning was not sustained at mixtures
richer than 20 air/fu2l ratio,

The burner described in line F in which the diffuser wss re-
moved had the same ignition and combustion ranges as the otherwise
similar burner described in line E showing no effect of the diffuser.

In many of the runs where ignition was not obtained but which
had e¢en ordinarily inflammable mixture of fuel and air, burning could be
observed in the upstream flame holder through a gquartz window. However,
this burning seemed to cease at the downstreesm flame holder, It was
also noted that this pertial combustion would continue after the upark
was turned off.

PDN 4136
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2. Burner Performance

Information on burner perrormance based on thrust measure-
ments is available for some of the later runs. The thrust meter used
in these runs measured the momentum of the jet leaving the tail pipe.
The thrust discussed in this report is the thrust meter reading minus
the momentum of the unburned mixture Just before initiation of com-
bustion. This momentum is estimated from the flow rate, pressure and
temperature of the fuel-air mixture.

Figure 9 shows this thrust plotted as a function of eir/fuel
retio for burner 2-1A3-10D-4 operating at an air rate of approximately
11 1bs./sec. The thrust appears to reach a maximum of 1080 1bs. at
around theoretical air/fuel ratic. This thrust decreases as the air/

fusl ratio increases until at dhe lean limit (35 air/fuel ratio) thsz
thrust 1s 680 lbs.

PDN 4136
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THRUST OF BURNER WITH TWO FLAME HOLDER

BURNER NO.2-1A3-10D-4. INNER BODY DIFFUSER, FOUR FUEL INJEGTOR
NEEDLES, 21" MIXING SECTION, 54" TAIL PIPE, FIRST FLAME HQLDER 3/4"

SYSTEM: sy"_GyTTER, SECOND FLAME HOLDER 6" DOWNSTREAM 1" "Y™-GUTTER
WITH 15" DIA. CENTRAL OPENING.

DATA OF 1/9/46 -AIR FLOWS 10.73~11.19 LBS/SEC.

PO 4136
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The meximum thrust obtainable from the air and fuel rate em-
pPloyed has been calculated assuming an squilibrium mixture, nc heat .
losses and adiabatic expansion of the jet to atmcspheric pressure. In
Flgure 10 the ratio of measured thrust to this theorstical thrust is
plotted as a function cf air/fuel ratio for two burners. :This ef-
Ticiency denends primarily on the completeness of mixing snd combus-
tion and on the efficiency of expansion of the jet.

The two burners used to obtain the data in Figure 10 are
quite similar except that the burner whose nerformance is represented
by the triangles had a straightening section upstream from the upstream
flema holder and its downstream flame holder had 3/4 in. gutters in-
stead of the 1 in. gutters used in the other burner. In the region of
rich mixtures it can be seen that the addition of the straightening
section and narrowing of the gutters resulted in a lower efficiency al-
though a wider range of operaticn was obtained and efficiency was bet-
ter for lean mixtures. It was observed that the burner with the
straightening section gave much lower tail pipe temperature than the
otLers., With this burner extended operation at theoretical eir/fusl
ratio did not seem to harm the tail pipe while with the other burner,
operstion for a verliod of much more than a minute was likely to destroy

it.
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100 I FIGURE 1O |
EFFIGIENCIES OF BURNERS
WITH TWO FLAME HOLDERS
90 | |
|
‘ A
80
/ o .
70}—4A
a LEGEND
@ BURNER NO. 2-1A3-10D-4. AIR FLOWS 10.73"
iLIs LBS/SEC. DATA OF 1/9/4€
60 A BURNER NO.2-1A3-14D-4. AIR FLOWS 1065 —
- 1.4 LBS./SEC. DATA OF 1/3/46
50 BURNER NO.2-1A3-10D-4. INNER BODY DIFFUSER, FOUR FUEL B
SYSTEMs: INJECTOR NEEDLES, 21" MIXING SECTION, 54 “TAIL PIPE, FIRST
" FLAME HOLDER 3{4“ Y"-GUTTER, secom) FLAME HOLDER
6" DOWNSTREAM [ "Y"-GUTTER WITH 15'DIA. GENTRAL OPENING.
40 —
BURNER NO. 2-1A3-14D-4. INNER BODY DIFFUSER, FOUR FUEL
INJECTOR NEEDLES, 2! IOTAL MIXING SEGTION, 54" TAIL PIPE, FIRST
FLAME HOLDER 3/4" "Y'-GUTTER, SECOND FLAME HOLDER 6"
DOWNSTREAM 3/4" "YUGUTTER WITH L5 DIA. JENTRAL OPENING
GLOSED, 13" GYLINDRICAL STRAIGHTENING SECTION UPSTREAM FROM
UPSTREAM FLAME HOLDER.
30
DEFINITION OF EFFIGIENGY: RATIO OF EXPERIMENTAL THRUST TO
MAXIMUM THEORETICAL THRUST.
20
10
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In Figure 11 air specific impulse is plotted es a function of
air/fuel ratio. Air specific imouise is defined as:

P +/0V2

A

vhere P is the absclute pressure of the unburned mixture which is neces-
jary to give the thrust observed if there is no friction in the system.

A is the gas density corresponding tc the above pressure at the tem-
perature before initiation of combustion. i

T 1s the velocity of the gas under the above conditions.
i 1s the burner area at the point of the above conditions.
. 1s the rate of air flow in mass/unit time.
The units used gave the air specific impoulse in 1lbs, /1b./sec.
"he theoretical curve was calculated assuming combustion to equilibrium
.nd adiabatic expansion of the jet with no heat losses in the system.
Air specific impulse, a number related to thrust per lb. of
iir, is of value in studying the overall performance of a ram-jet and
128 been adopted by JHU for representing burner data. With this

sarticular burner the maximum air specific impulse was 148 1lbs./lb./sec.
1iother burner (2£-:£A3-10D~4) gave a maximum valus of 151.

PDN 4136
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AIR SPECIFIC IMPULSE -LBS./LBS./SEC.
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FIGURE if
AIR _SPECIFIC IMPULSE OF BURNER
180 WITH TWO FLAME HOLDERS
160
0.-—-
THEORETICAL VALUES
140 (CHOKING ENVELOPE)
¢ T~

120 ~;
100k—SYSTEM BURNER NO. 2-1A3-10D-4. INNER BODY DIFFUSER, FOUR FUEL INJEGTOR -

NEEDLES, 21" MIXING SECTION, 54° “AIL PIPE, FIRST FLAME HOLDER 3/4"

"Y'-GUTTER, SECOND FLAME HOLDER 6" DOWNSTREAM I* "Y*GUTTER

WITH 1.5° DIA. CENTRAL OPENING.
80 DATA OF 1/9/46 -AIR FLOWS

10.73-11.19 L.BS./SEC.
60
40
20
PDN 4136
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3. Drag of the Burnexr Interior

. A pressure measurement upstream from tho fuel injection com-
bined with the thrust measurement made vossible the calculation of the
total drag of the fuel injectior system, the ignition and flame holder
systems and the burner walls under the conditions existing during burning.

In Figure 12 the drag expressed as pressure drop is plotted as
a functior of air/fuel ratio for the two burners whose efficiency is
plotted in Figure 10. The drag increases as the air/fuel ratio in-
creases. This is probably due to ths lower pressure and consequent
higher velocity occurring at high air/fuel ratios. For rich mixtures
this oressure drop is betwsen 4 and 5 p.s.i.

.
T e |
BURNER PRESSURE DROP

THIS IS A PLOT AGAINST AIR/FUEL RATIO OF INTERNAL DRAG EX-
PRESSED AS POUNDS PER SQUARE INCH PRESSURE DROP THE
PRESSURE DROPS ARE CALCULATED FROM THRUST AND PRESSURE
MEASUREMENTS

BURMER NO 2-1A3-10D-4 INNER BODY DIFFUSER, FOUR FUEL
NJEGTOR NEEDLES, 21" MiXING SECTION, 54 TAIL ' PIPE, FIRST
FLAME HOLDER 3/4" "Y®-GUTTER, SEGONr FLAME HOLOER

SYSTEMS:  © DOWNSTREAM 1°°Y™-GUTTER WITH L5 Dln SENTRAL OPENING

BURNER NO 2-1A3-14D-4 INNER BODY DIFFUSER, FOUR FUEL
INJEGTOR NEEDLES, i* TOTAL MIXING SECTION, 54" TAL PIPE, FIRST
FLAME HOLDER 34" “/*GUTTER, SECOND FLAME HOLDER 6°
OVDRED, 1o cvfuuogncachsng|er}}rgnuh% CdcTioN. s A o
TREAM™ 7LAME HOLDER. ’

UPS

i LEGEND

BURNER NO. 2-1A3-10D-4 AIR FLOWS 10.73-
% .19 LBS/SEC. DATA OF 1/9/46

A BURNER NQ. 2-1A3-14D-4 AIR FLOWS 10.65
= 14 LBS/SEC. DATA OF 1/3/46 ]

PRESSURE DROP - PSt
[

0 20 ) 25
PDN 4136 AIR FUEL RATIO
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Shown on Figure 13 is the fraction of the thrust necessary
to overcome the internal drag. This fraction increases as air/fuel

ratio increases and for the burner without the straightening section
is sround 11% for rich mixtures.

FIGURE 13
RATIO OF INTERNAL BURNER DRAG TO THRUST
BURNER NO. 2-IA3-100-4. INNER BODY DIFFUSER, FOUR FUEL.
SYSTEM: INJEGTOR NEEOLES, 21" MIXING SECTION, 54° TAIL PIPE,
FIRST FLAME HOLDER 4" "YGUTTER, SECOND FLAME
HOLOER 6°' DOWNSTREAM ' 1" "Y'-GUTTER WITH L5 DIA.
CENTRAL OPENING.
BURNER NO. 2-1A3-14D-4. INNER BODY DIFFUSER, FOYR FUEL
INJEGTOR NEEDLES, 21" TOJAL MIXING SECTION, 54" TAIL PIPE
FIRST ~LAME HOLDER 3/4" 'Y*GUTTER, SECONG FLAME HOLDERS' ———
DOWNSTREAM 34" “Y'-GUTTER WITH 1.5 DIA. CENTRAL OPENING
CLOSED, 13" GYLINDRICAL STRAGHTENING SECTION UPSTREAM FROM
UPSTREAM FLAME HOLDER. ‘
—— - — - 4 e — — e
& LEGEND
§ @ BURNER NO 2-1A3-10D- 4. AR FLOWS
& 10.73 - 11 19 LBS/SEC. DATA OF 14/46
F A BURNER NO,2-143-14D-4. AIR FLOWS
L 10.65-11.4 LBS/SEC. DATA OF I/¥/46
2 »Y—f e T
o<
o
«
1)
4
¢ o
2 wﬁmwmmwmww¢*
J =
e M
‘?J -~
E 3 e—
Z 0 2 e
1%
G
Q
3
0
10 15 20 25 30 35 40
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FUTURE PROGRAN

The immediate program will be devoted to adaptlng the
guivter type of flame holder to flying mcdel testing. The pregram
will include the study of flare ignition in this tyoe of flame
holder, and a study of its performance with the Cobra diffuser.

It is planned that scme tests of the Cobra ignition system will be
made to give comparative results,

The data in the sectlion on oressure and ignitlon studies
emphasize the sensitivity of these burners to changes in the flow
pattern of the air. These changes are not sufficiently well under-
stood to enable reliable prediction of the effect of changing the
geometry of the burner. Some of the work in the immediate future
will be devoted to this asnect c¢f the problem.

PDN 4136
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APPENDIX

1. System for Numbering Burners

A system which designates each section by a number has been
adopted.

The sections designated by separate numbers are:

1., Diffuser ssction

2. Atomizing and mixing section
3. Flame holder and pilot

4, Tail pipe section

Since these numbers will run into two or more figures they
will be separated by daches., The order of the numbers is that of the
preceeding list.

1. Diffuser Seciion

2. This section consists of a 5'-2" plece of
flanged pipe containin% a wooden body 4" in diameter and tapered to
a point at the ends. See Figure 5)

2. Atomizinz and Mixing Section

244, Four 1-1/2" venturis with upstream injscotion
at thelir throat are mounted with one in the center and the other three
arranged on the corners of an equilateral triangle about the senter
ons, The distance between the fuel injection and the flame holder 1s
31 inches.

2A3. Same as above except that the distance be-
tween fuel injection and flame holder is 21 inches.

1A3. Same as above except that radial injeotion
needles were used instead of venturis.

3. Flame Holder Section

Three types of flame holders were used to make up
the  various combinations reported hers.

4, This flame holdor, shown in Figure 2 of the
October progress report (PDN 3980) has oane inch gutters arranged in the
shape of & cross.

Figure 8 of this report describes the type known as
Z}gutter flame holders; the gutters are arranged in the shaps of a “Y",

PDN 4136
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This type of flame holder was made with 1/2, 3/4 and 1 in. gutters.
The opening in the center can be either open or plugged in the down-
stream flame holder when two are used. When used singly or as the
upstream flame holder the opening was always closed, A 3/4 in, Y-
gutter flame holder with a straightening section upstream was tested.
This gtraightening section consisted of two concentric cylinders 13
inches long. One was 4-1/2 and the other 1-3/4 inches in diameter.

9, This flame holder is a single 3/4 in, Y-gutter,
The following flame holders were made up by using

two of the Y-gutter types in series. The distance between flame
holders is 5-~3/4 inches.

Flame Degoription of Flame Holder
Holder
Number Downgtream Flame Holder Upstream Flame Holder
10 1" gutters - center oven 3/4" gutters
11 3/4™ gutters - center oven 3/4" guttersk
12 3/4" gutters - center open 1/2" gutters
13 3/4" gutters - center open 3/4" gutters with straighten-
ing section
14 3/4" gutters ~ center plugged 3/4" gutters with straighten-
ing section
15 1" gutters - center plugged 3/4" gutters
16 1" gutters - center cpen 3/4" gutters with straighten-

ing section

& In this fleme holder the gutters were cut so that they extended from
the center to within one inch of the outer rim.

The type of ignition source is designated by a
letter following the flame holder number,

c

L

Hydrogen pilot ignited by a spark.
D. Spark only.

4, Tell Pipe Section

2. 4 feet of standard 6 inch pipe.

4., D54-1/2 inches of standard 6 inch pipe.

PDN 41386
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2. Fuel Inspsctions

No. 1 Solvent Naphtha

Specific Gravity at 80°F, .715
Initial Boiling Point 127°F,
5 Volume % Over at 151
10 " " ” " l 56
50 L 190
90 " on w " 241
Final Boiling Point 286
Refractive Index 1.3980
Bromine No, 0.0

PDN 4136
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11/28/45

11/29/48

12/24/45

12/26/45

Run
Date of Run No.

1

OV

e
COPNOAMURNI FHOWEIO& UM

[

24

Model No.
£-244-40-2

2-244-9C-2

. o

Description of Systen

Inner Body Diffuser - 4 fucl ven-

turis - 51" mixing section, 4'

tall pipe, 1" c¢ross flaco holder,

Hz, Pilot, 1%0# pressurs on Hz.

Pross, #1 - Pressuro at upstrean
ond of inner body.

Pross. 2 ~ Press. 6" downstroan
from downstreanm face of f{lame
holder,

Progs. §3 - Pross, 20" downstroan
froa downstrean face of flamw
holder.

Press. #4 - Pross, 32" downstron:
fron downstiaan face of flaze
holder.

Press. §5 - Pross, 3i" upstrean
fron downstrean face of flave
holder.,

Sane as Modol No., 2-ZA4-4C-2
oxcupt flame holder removed,

Inner Bod,; Diffuser - 4 fuel ven-

turis - 31" nixine section, 4'
tail pipe, 3/4" "Y'-gutter flane
holder, hydrogen pliot.

Pross. 1 - Prossurs &t upstrean
ond of ianer body

Prese, #2 - Press, 6" downstrean
frem downstrean face of flame
holder.

Pross. #3 - Press. 21" downstrean
fron downstrean fece of flame
bolder,

Preas. #4 - Pross. 33" dovnstrean
from downstrear face of flane
holder.

Press. #5 - Press. upstresn from
venturl injectors.

&-2A3-10C-4 Ipner .ndy Jiffuser - 4 fuol ven-

2+2A3-10D-¢

t.ris, B1l" nmixing so.tion, 54"
tail pipe, firat flano nolder
3/4" "Y"-gutter, second flare
holder 6" downstreanm 1" "Y"-
gutter with 1,5 dia. central
opening, hydrogen pilot in up-
strean flare holder,
Pross. #1 - Press. upstrean
fron vonturis.
Pross. #2 - Press, nidway bo-
tweol flane holiders
Pross. #3 - Preos. 10" downutrean
froa cownatroam flame holder.
Press. #4 - Prosa. 247 downstrean
froa ce'astrean flame holder.
Pross.§% - Press. 36" downstrean
fron dowast.unm £)aMe 0)Ler.

3aro as MNoidel No, 2-2A3-10C-4
oxcopt apark ignition,

A\

7

Type of Air Rate TFusl Rate Alr Fuel to Burnor Pregsure Prossuce Eressure
#1 psia #2 psia #3 psia }

Ignition

B2

13

3 3 3 32

A 3333345

L]
Spark
Only

323 323 3

Alr Tep,
f/soc.  f#/sen. Ratio *F.
5.17 .16% 33,2 285
5.16 177 23.2 ze7
5.14 .198 26,0 290
5,15 .212 24.2 203
5.12 230 T g2 29%
S.11 2180 20.4 297
5.11 . 260 19.7 298
5.10 303 16.9 300
2.8 180
4.12 207
5.29 246
6.47 294
7.62 287
8.84 293
9.81 296
10,32 296
10.78 507
10.93 309
10.98 310
3.01 57
4.41 73
$.79 95
7.07 185
8.35 145
9.47 157
10.46 167
10.96 174
11.10 180
Groater 184
Than 11
5.45 233
12.35 282
12.23 296
11.78 312
11.25 298
10.71 314
9,94 316
7.63 305
6.55 283
4.63
6.85
8.39
9.58
8.65
9.18
11.59 L2178 30.6 295
11.70 .440 26.6 293
11.48 2533 21.5 292
11,30 .716 15.8 271
11.37 716 15.9 280
11.37 716 15.9 280
11.01 .367 20.0 276
11.50 433 26.5 282
4.08 <
5.70 309
6.81 314
7.88 321
8.82 326
9.40 327
10.36 325
10.82 328
10.95 325
11.20 325
11.44 324
11.7% 323
7.84 291
8.72 293
9.33 295
10.34 300
11.40 304
12.00 306
10.94 ] 32.6 313
10,90 .417 26.2 315
10,90 484 22.6 315
10.90 584 18.7 315
10.90 666 16.3 313
10.% owa? w. & 316
10.96 .3%0 3.3 206
16 o6 .360 29.¢€ 311
1,62 .367 28.0 316
10.31 417 24.8 316
9.62 4N 19.9 315
11.14 B34 20.9 306
10.72 600 17.9 290
10.89 654 16.7 295

r
DRTALLED BURNER TEST.

K
Tablo 1, Page L

R
T

2

=]

Fuo) - No. 1 Solvant N

2L.00
23,85
23.60
24,55
26.10
26,45
£7.60
28,85

15,87
16.80
13.85
22,33
26,64
20,53
36.60
36.50
38,40
39,20
39.70

15.18
16.08
17.38
20,10
23.40
26.60
30,30
32,10
J2.7

33.10

17.35%
36.4
35.2
34.7
32.7
41.3
6.7
22,80
19.69

45.2
51.2
56.7

6.2
50.7
60.7
40.7
47.7

15.92
17.58
19.39
21.73
24.42
26.42
28.80
30.12

31.05
31,37
32,00

25.99

44.70
46.20
49.70
52.70
57.70
58.70
60.70

16.8

18,57
19.78
21,00
22,70
23.1C
24,60
25.70

14.72
14,64
14.51
14.12
13,27
12,17
8.08
8,08
8.48
8.70
8.8

14.78
14.80
14.88
14.99
15.19
15.42
15.78
15.98
16.09
16.10

14.79
7.55
7.29
7.14

14.22

14.80

14.96

15.86

14.86

40.70
42.20
45.20
49.20
§3.70
55.20
$7.20

16.3

17.8

18.75
19.97
21.20
21,50
22.20
22,70

14,78
14.80
14.87
14.92
15.00

14.79
6.25
6.36

14.10

45

15.45

15.10

14.96

14.86

14.79
14.83
14,97
15.00
15.05
15.26
15.5)
14.80
14.51
13.87
13.42
10.77

35.70
36.70
40.20
42.20
45.20
46.20
47.70

1
3
p]
bl
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144
7.
7
7.1

14.¢

24.¢
14,¢
14.¢
14.€

40.70
42,20
46.20
49.20

Sreser

33.70
55.20
37.20
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| DETALLED BURNER TEST DATA

¥
ST{? iuel - No. 1 Solvent Naphtha
3 1

T Ratio
M ; Expsrimontal
P Afr 8p. to Theorstical
s{ure Pressure Fressure Fressure Pressure Pressure Thrust Sp.Turust Efffcfescy Iupulse feal - Atr
roipofia #2 psia #3 psta 4 psia FS psia #6 pola # /#/800., % #/#/800. Sp.Inpulse % Notes and Commenta
i
& 16,8 16,3 15.65  19.85 60.8 392 26.2
5 18,7 17.8 16,65 21,60 108.8 615 4.8
19.75 16,75  17.35 22,70 184.5 730 50.6
R 21,00 19,90 1810 23,70 177.8 838 58.4
L 22,70  21.20 18,90 25,30 230,3 1002 71.5
. 23,1 21,50 19,15  25.60 242.7 [E 20,7 Pipo rod
.8 23.60 22,20  19.25 27,00 296.0 1138 83.6
.3 25,70 22,70 19.40  £8,20 334.7 1107 84.8 Pips quito red, pips very

hot for two foet.

14.72 14.78 14,73 15,28
14.64 14,80 1479 16,10
4.5 14.87 14,82 17.63
14,17 14.92 14.85 20.44
13,27 15,00 14.92 24.32
12,17 15,10 15.03 28.22
8.08 <0 <0 33.05
8.08 11.53 14.48 33.7
8.48 6.70 12,72 35.2
8,70 6.85 10.75 38.7
8.8 6.93 6.95 36.4

14,78 4,72 4.1 14.88
14,80 14.81 14.78 15.12
14.38 14.87 14.80 15,80
14.99 14.98 24.89 17.12
15.19 15.18 14.9% 18,91
15.42 15,38 15.10 2l.20
15.78 15.65 15.30 2,62
15.98 15,88 15,43 25,10
16.09 15,91 15249 25,70
16.10 15,96 15.56 25,74

14,79 1479 1478 16.29

7.5 .25 V.46 31,55

7.29 6.3 14,7 30.20

7.14  14.10 15,20  25.58
14.22 15,45 1%.31  28.79
14.80 15,45 15,30  27.70
14,96 1510 15,05 22,80
14.85  14.96  14.96  19.87
14.86  14.85  14.86  17.72

Ignited

Ignited
Ignited
Did not 1gnite
Ignited
Did not 1ignite

e

-' Values of Thrust,

33,7 20.19 43,7 748 .370 72.6
2] 48 34,45 49.7 950 2158 84.0 | Speoific Thrust
24 51 55.7 1158 2170 92,3 ' end Efficiency
may be somewhat
g %67 59.7 1339 1868 92.3 | nigh. Rick Limit
) 46.7 50.7 1059 1478 72.7 2 Ignition wae
55.7 59.7 1300 1815 895 | “Inttiated at low Rich Linit
35.7 39.7 657 1791 68.4 air rates snd burnor  Lean Linit
42,7 46.7 879 2027 28,6 ! then brought up to

indicated air rate.
4.4 14.79 14.80 14.78
15.08 14,88 14.92 14.88
15.54 14.97 195.04 14.98
16.62 15,00 1%5.19 1%5.10
18.37 15,05 15.37 15.2¢
19.83 15.26 15.54 15.39
15,51 15.78 15.53
22.64 14.60 15.80 15.18
22.80 24,51 15.78 15 69
23,27 13,87 15.87 15.75
13.42 A5, 18,77

e avese -

23.99 10.77 135.90 15.86

T Br e bt b 6 s et Bl o o B
8 n
-
< .
13 o
- w

Ignited

Ignited

Ignited

Ignited

Ignited

Ignited

Ignited

Set Ratec end Ignited

Pilot with Spark.
L] "
n ”

- inturmittent Burning Starts

u‘ 40.70 35.70 30.18 26.67 691.5 1921 75.0 T Thrast,5p.Thrust eid Snooth Burping Starts
Cbf e2.20 3670 30 8¢ 6,93 727.9 1990 78.3 Efficionc; figures
3 46,20  40.20 32.5%  28.60 845.0 2030 85.7 Bay be 35-owhat low
2 i 49.20 42,20 29.64 915.0 1892 89.5 sinco the; do not
| 33,70 45,20 31,37 1025.0 1924 83.9 take into account
. ! 55.20 46.20 31.78 1067.0 1771 83.6 oorit .stion socur-
87.20 47.70 33,02 1114.0 1705 82.9 ring botween flame

holders.
PDYN 4136
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Run
Date of Rua No.

12/87/45

@A R; KR

o

12/27/45
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12/28/45 14
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88888

1/2/46
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Uodel No.

1 £8-2A3-1Mn4
e

Description of Systdn

Inner bBody Diffuaoer - 4 fuel ven-
turis, 21" mi<ing soction, 54"
“ail pipe, first flame holder

/4n wym.gutter extending to
1thin 1" of pipe wall (gutter
ends open), second flaze holdor

€" downatrean 3/4" “Y'-gutter

with 1.5" dia. central opening,
spark ignition.

Pross, #1 - Pross, upstream
fron fuel venturis.

Press, #2 - Pross, midwey bo-
tween flamo holders.

Press, #3 - Pross, 9" downstrean
from downstrean flanme holder.
Pross. #4 - Press.23" downstrean
fron dowmstrear flame holder.
Press. #5 - Prosa.35" downsirean
fron downstrean flafe holder.

2+2A3-12D-4 Inner Body Diffuser - 4 fuel Vvon-

turis, 81 " nixing section, 54"
tail pipe, firat flamc holder
1/27 "Yt-gutter, second flame
holder 6" downstream 3/4" "Y'-
guttor with 1.5" dia. central
opsning, spork ignition.
Pross, #1 - Pross, upstrean
from fuel venturis.

Prosa, #2 - Pross, nidway
betweon flazo Lolders.

Pross, #3 . Press, 9" downstreen
froz downstrean flace holder.
Pross, #4 - Fross,23" downstrean
fron downstree:, flalze holder.
Pross, #5 - Fress, 35" downstrean

from downstream flams holder

2.243-100-4 Inner Body Diffuser - 4 fuel van-

o
G

B

3-10D-4

turis, £1" nixing section, 54"
tail pipe, fiist flame holder
Z/4" ".gutter, second flaze
holcor 6" domustreas 1Y
gutter srith 1.3" dia. centra)
opening. Spark ignitica.

Press, ¥#1 - Freas., upstrean fron
venturis,

Pross. #2 - Press, midway bstween
flame holdsrs ¢

Press, #3 - Press. 9 in. downstrean

from downstrean flare holder.
Press, 4 - Press.23" dowmstrean
fron downgtream flane holder,
Pross, #5 - Press.35" downstream
fro= dewnstreen flaie holaer,

Seo above, Prossure colwwnp are:
Pross. ¢l - Press, midway between
flame holders.
Prass. ¥2 - Pross. 3" downst.rear:
from downstrean. {la € hol.ol.
Pruss. #3 - Fross, 9" Quynstrean
Tolr woanstrea . flate holder,
Fross. #4 - Prose. &3" dowmstreen
from downstrean flaic noldoar.
Press. #5 - Press. 35" dowmatroan
$rwa Juwnserean 11a10 holder.
Pross. #6 - Proas. ups*vean frouz
venwuris,

B et Tl

2

Alr Tenp.
Type of Air Rate Fuel Kats Air Fuol to Burner Prossure Pressure
Ignitlon #/s0c, /860, Ratio r, #1 pola #2 psia 43
2,99 - - 282 15.40 14.78
4.01 - - 282 16.18  14.82
5.31 - - 282 17,76 14.97
7.18 - - 285 21,30 15.34
7,93 - - 27 23,5  15.75
9.49 - - 294 27.%0  17.07
1,28 - - 295 32,60 19,78
12,04 - - 299 25,23 21,43
Spark 2,5« 8
Only
2.98 263 15.14 14.75
4.16 268 10.66 14.80
5,43 a2 16.63 14,92
6.74 278 18.26 15.18
7.82 282 20,07 15,52
9.14 286 28,73 16.41
10,17 290 25,39 17.97
10,35 292 27.6% 19.61
1,92 258 29,35 20..8
12,07 296 23,99 21 22
Spark  ¥,5 .« 5
énly
3.01 281 15.086 14,79
4.67 281 15,87 14,99
6.61 286 18,32 15.66
8.06 293 20,93 16.75
9.50 300 24,8 18.94
10,32 305 27.68 21.47
11.47 31 30.15 23,36
1.3% A5 30,55 23,63
12,70 316 31.75 24,60
11.86 316 22,37 25,07
Sparz 1.1 .345 32,2 314 42.7 37.7
only 10.93 367 29.8 315 45.7 4.2
" 10,81 417 25,9 315 49.7 45.7
" 10.73 467 23.0 315 52,7 49.2
" 10.62 .5170 20,5 316 54.8 5.7
" 10.48 .367 18,5 31?7 ©5.9 53.2
" 10,39 617 16.8 320 7.8 54,7
2,72 260 14.71 14,66
223 255 24,75 11.9
$.57 256 14.90 14.38
5.82 268 15.32 24,17
8.15 27 16.58  15.73
9.44 275 18.82 13,03
10.88 280 21.80 10.18
.28 282 22,70 3.59
11.83 204 23.85 3.79
12,17 264 24 .60 3 an
Lary 11.23 440 25.5 278 7.7 44.45
Only 10.42 ,46% 21.6 2085 61.2 47,7
" 11,11 817 2.3 260 $3.7 49.8
" 10.34 610 17,3 287 5.2 5l



e U
&

et

N AR

15.40
16.18

15.08
15.87
18,32
20,93
24,36
27.68
30,15
30,55
31.75
2,3
42.7
45.7
49.7
52.7
54.8
$5.9
57.%

14.71
14,78
14,90
15.52
16.58
18,82
21.80
£2.70
£3.88
24,60
47.7

51.2

53,7

55.2

Table ), Page 2

DETAILED BURNER TEST DATA

Fusi - Mo. i Solvent Naphths

14.78
14,82
14.97
15,44
15,75
17.07
19.75
21,43

14,75
14.80
14.62
15,18
15,52
16.41
17.97
18.61
20.78
21r.2e

14.79
14.99
15.66
16.7%
18,94
21.47
23.36
23.63
24,60
25.07
37.7
4l1.2
45.7
49.2
5.7
53.2
54.7

Luo65
14,56
14.38
14,17
15,73
13,03
10.18
3.59
3.79
3.88
44.45
47,7
4%.8
51.2

14,72
14.76
13.19
14.8%
14,90
14.99
15,33
14.70

14,70
14.78
14.85
14.97
15.09
15.20
15,33
15,58
15.18
14.65

14,72
14.78
14,90
15,01
15,14
15.50
14.85
14,29
.84
€.89
32.7
35.2
39.2
11,45
43,2
43,7
4.7

14.7
19,7
14.7
14.69
14.62
L4.6C
14,71
15.33
6.0
6.20

———

14,72
14,78
14.85
15,00
15,12
15.38
15.80
16.07

14.72
14,79
14.88
14,99
15.14
15.36
15.59
16.84
16.00
16.07

14,72
14.80
14.97
15.18
15,38
15.69
15,79
15.87
15.88
15.90

L2 I I S S

4.7
14.7
14,71
14,68
14.68
1a.68
24.77
14.7
14.08
7.24

14,73
14.78
14,88
14.96
15,00
15.25
13,59
15,83

14.73
14.77
14.83
14.94
15.03
15.20
15.40
15.62
i5.78
15.68

14.72
14.78
14,90
15,05
15.24
15.47
15.64
15.69
15.78
15.80

14.?
3.7
14.7
14.7
14.69
15.68
14,68
14.66
145,56
13.61

LI I B T I B

LINE S BN B )

LI T R I ]

psia

¥ #/4 /802,
598 1733
686 1870
824 1978
207 1943
974 1885

1000 1767
1040 1687
SAv 1028
440 1945
1106 2110
123 1840

8T Prossure Prossure Pressure Pressure Prosauro Pressure Thrust Sp,Thrust Efficiency
#1 pola #2 psia 3 pola ¥4 pala #% psia #6

54
»

64.30
71..87
8c.40
82,69
84,20
84,95
.30

Ratio
Experimenta)
ALr Sp. to Theorstical
Inpulse feml - Atr
if/a/pec. Sp. Topulse

GRTIBANTIAL

Netes and Comnents

Theso data nay be some-
what low dus to liquid
in the pressvre iinss.

Srooth burning was obe
tained at low air
ratos only (possible
fronm 2-1/2 to b¥/sec.
air). At air rates
Tuch above 5¥/sec, ig-
aition could ot ba
obtained using spark
only.

Smooth burning over nar-
zow A/T range st air rates
or 2-1/2 - 5#/ses. Rough
burning at slightly higher
alr rates. No ignition at
high air rates.

Thrust, Specific Tarust
end Bfficienc: mar be
somewhat low szince
they do not take into
sccount combustion oc- g 1sh ition
curring betweon f lane g}é‘f'fmct}ﬁ Ignition
holdera.

PDN 4136




Run
Date of Run No. Model No,

1/3/46

Dosoription of Systeam

1 2-1A3-13D-4 Inner Body Diffuser - 4 fusl iDm-
doctor neodles, £1% total mixing
seotion, 54”7 tail pipe, first
flaze holder 3/4" " -gutter,
sscond flame holder 6" downstroam
3/4" nyr-gutter with 1.5" dia,
contral opening, 13" oylindrical
straightening sootion upstrean
from upstrean f{lame holder.

Spark ignition.
g:ou.‘ #1 - Proas, upstrean fren

injesctor naodles.
Prass. §2 - Press. midway between
flano holdsrs,
Pross. §3 - Presi. 3" downstrean
fron downstresn fleme holaer.
£-21A3-147-4 Ssne as Mode]l No, 2-1A3-13D-4 ex-
sept eentrel opening in down-
streen flame holder closed,

26

27
26
29
31
3z

35
36

38

41

42

435

46
47

Alr Tenp.
Type of Air Rate Fuel Rate alr Fusl to Burper

Ignition #/cec. #/80c. Ratio P,
Spark 6.67 260
only

" 11.88 277 40,6 302
" 11.08 300 36.8 304
" 10,98 833 2.9 305
" 10,33 367 29.8 209
" 10,87 400 27.2 305
v 20.83 433 25,0 305
" 10. 80 467 23.2 306
" 10.80 484 22,3 206
. 10.81 517 20.9 306
" 20,74 567 16.0 306
" 10.72 .617 17.4 308
" 10.70 650 16.5 308
" 10,67 700 15,2 207
" 10.65 750 14.2 309
" 10,65 764 13.8 209
" 10,63 817 13.1 309
" 10.65 .866 12,3 30
" 10.65 .900 11.8

" 10.65 28 37.6

” 10.65 +£77-.310 34,4-38.4

" 10.60 440 24.1 319
" 11.20 518 21,7

.

" 9.00 29% 0.7 a18
" @7 WL 28.5 310
" ' 367 24.5 309
4 .384 23.4 308
» .00 417 21.6 306
. 9,02 450 20.5 305
" 9.03 A58 18.7 305
" 9.03 5. 18,9 304
" 9.04 <) 15.56 302
" 9,02 634 14.3 0L
" 8.95 667 13.4 301
" 9.35 285 33.0 282
i 9.11 338 27.4 283
" 9.11 .400 22,8 283
" 9.11 433 21.0 283
" ?.38 .257 28.7 281
" ?.38 .00 6.5 282
" 7.55 .267 28,3 282
" 7.%5 300 25.2 283
" 7.3% 300 25.2 263

i
¥

Table 1, Page 3 sl

DETAILLD BURzR TEST DATA
vf!D Bt
Fusi - No, 1 Solvent Nag!_:tg.i'
- o1
Prossure Prossuie Prossuroe Predsurs l';vt

rl psia /2 pata #3 psis ¥4 pota #Y ;';:

.

4.7 32 WS vh s
.45 4.2 38,43 n' .
46.70 4.2 . ALC. 8.«
48,45 45,7  42.9% S
49.95  47.2 44,7 .
51.20  46.7  46.2 % X
51,70  49.2  46.95 R e
52,20 49,7 47,45 49
82,95  50.45 48,20 4.
53,20 50,95 48,70 R vidl
£3.70 5120 49,20 :
53,70  51.20 49,20
53.20 50,95 48,95
53,20 50,95 48,95
53.20  50.95 48,95
53.26 50,70 48,95
53.20  50.95 48,95
49.95  47.20 45,20
39.48 36,98 34,95
40,70 38,45 36,20
42,95 40,20 38,70
43,45 40.70  39.20
44,20 470 40.20
44,70 42.45 40,95
4,70 42,95 41.20
45.20 43,20  41.70
45.20  43.45 41,70
45.20  43.20 41,70
44,95  42.95 41,45

31.7
23,67 22,56  21.96

.55 0.
24.25  23.8 22,29
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" %le 1, Page 3

%30 BURLSH TEST DATA
ﬂgm, 1 Solvent Naphthq Ratio
} E.poxirments)
sJsurs 135 Air Sp. %0 Theoretical
pota a3 Tossurs Prossure Pregsure Pressure Thrust Sp,Thrust Efficiency Impulse  loal - Air
T3 pala #é psia #5 pola 26 psta # #/8/a0c. % #/8/s00, Sp. Impulse % Notes and Conzents

‘ Uax, Air Rate ot which
ignition could bve ob-
tained. Narrow Air
Fuel Linits, Ignition
was obtalned at very
low air rates,

Systas
Press. urop
Caloé. froa
. Theoretioal
' and Press,
Kiasurazents
pat
.5 618 2230 73.3 5.8 ]
.49 698 2330 78,3 5,73
2. 174 2328 82,5 5.4
95 832 2865 8.4 5.25
7 876 2190 84,0 5.18
2 916 2115 83,8 5,1
3.9 935 2000 82,0 4.6 Rates sot, then
.43 952 1965 1.5 .9 spark thrown on
8.20 994 1885 80.2 4,85 ¢ to test ignition.
8,70 987 1740 77.% 4.70
840,20 2985 1615 75.2 4.8
549,20 993 1530 73.5 4.9
; 8.95 989 R¥ AL 71.0 4,55
8,95 9% 1320 62.4 %0
. 48.95 985 1255 68.0 4.7
.93 ¥80 1200 €9.2 4.8
95 98% 1138 71.8 4.65 _J
"] Lost Ignition-Rich Limit
No Ignition
Contt 8 Lean Iguition ottained at
ontisuous Buray 34.4 and lost at 8.4
20 879 2000 84,0 " !

Sputterod for one-nminute
before taldng hold., Susll
flars started in upstrean
flexms holder when spuTk wae
thrown on, but full igni-

o5 - tion could not bs cbteined,
. 619 2105 89.2 Lean Ignition obtained a
A/? 30,6 and icat et A/Y
£36.20 644 2046 8a.0 Bt
. Zg 692 1883 85,5
B ©.20 '61:(9) iggg g?:: Continuous Burning Rough Burning
'3 +93 742 1650 79.%
BH1.20 750 1550 77.5
wel.70 767 143% 75.2
ga.70 m 1320 72.1
1,70 771 1215 69.6 .
.45 750 1120 66.7 Lost Ignition-Rich Limit
Thrust, Opicific Thrust end
Efficisncy slightly low
sirne calculated from pros-
sure downstrean fron down-
stroan flame holder.
Spurterod for abdout a ninute
before cbtaining full igaition,
Sputtered goveral seconds,
fuel Ra'ss sot, ix- then tgaited,
nited with spark. Snall fiame in upstrean
flame holdsr but no cox-
J piete ignition,

Siall flam in upstroan
flage holder but no come
plete ignition,

434 2&a0 3.7
304 510 81.l Lean Iznition obtained at A/Y

8,7 and ozt at A/7 36.0.
Thrust, Specific Thrust and
Rffioionoy slightly low
since oelculated from pres-
sure downstroan fron down-
stroam flame holder.

435 1708 83.% Saooth buraning once burn-
ing was obtained.

Very rough near rich limit.
Shutting fuel out of center
injoction needls 313 not

{sprove operaticn.
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Date of Run

1/4/46

r/af46

1/7/46

1/8/45

Run
No.

- G -

HOWVWOuIOAWL

Pt

NQOE=)CLd A

-
©

14

15

16
17

13

19

1

Type of
Dessription of Systen Ignition

2.1a3-34D-4 Systen is same as above, pressuro

columns are as foliows:

Press. #1 - Pross., upatream from
injostion nesdles,

Pross.f2 - Pregs. nidwas between
flame holders.

Press.#3 - Pross. 3" downstrean
fron flame holder.

Press. 44 - Pross. 9" downstreanm
fron {laone holdoer.

Pross. #¢ - Pross. 23" downstroan
from flane holder.

Pross. 76 - Press. 35" downstroan
from fl.:e holdoer.

2.1A3-13D-4 Swe description of this systen abovo.

Pressure colucns are as follows:
Pross. #1 . Pross. upstrsan frou
injector needles.

Press. 72 - Press. nmidway betwoen
fiame holders

Pross. #3 « Press. 3" acwnytrem
fron dovmstroan flane holder,
Pross. F4 - fress. 9" dounstreaa Spark
fron downgtrepn flane holder. only
Pross. ;5 - Press.23" duwnstroan
fron downstrean flame holder.

Pross, £#6 ~ Pross.35" downstrean
from downstrean flame holder.

2.)A3-15D-4 Inner Body Diffuser - 4 fuel in-.

jector needles, 21" nixing
secction, 54" tail pipe, first
flario holder 3/4" “Y'.gutter,
seccnd flauie holder 6" downstroun
1" "Y"-gutter «ith 1.5" dia.
central opening closed. Spark
ignition.
Press, #1 - Press. midway between
flene hiolders.
Precs.f2 - Pross, 3" downstreen
from doanstrean flane holder.
Press.?3 - Pross. 9" downstroan
fron downstrean Ilame holder,
Press.pé4 - Pross.23" downstroanm
fron cownstroan flame holder,
Pross.f#5 - Procs.35" cownstream
frox dowmstrean flane holder,
Pross. #6 - Press. upstrean
frax iaject.r neodles.

None~1A3- Sano as ¥odel No. 2-1A3-15D-4 ex-

cept no dirfuser {inmer oody
roroved).,

Prossuro columns are also the
sare as listeu for lLodel MNo.

2-1A3-15D-4.

Spark

myv

2

"

”

"

L)

"

"

2-17%-10D-4 Seo description of Burner "

koo R-1n3-150-4 atove.

Alr Tezp.
Air Rate Fuel Rete Alir Fuel to Burner Pressure Presgure P
f#faec.  d/sec. Ratio °%. )
2.87 275
4.0% 273
5.35 274
6.69 276
8.0 282
9.18 230
10.31 260
1L.13 290
1102 285
11.57 34
1.9 284
12.05 285
3.08 284
2.37 285
8,03 250
9.40 294
10.56 205
10.25 295
11.82 296
12.00 266
6.56 %00
2.80 296
3.97 299
5.20 293
6,63 295
7.99 208
9,11 300
10.12 300
10,33 302
10.82 304
11.85 305
11.95 305
3.04 265
4.76 202
6.17 289
?.48 286
8.85 286
1031 286
10 .86 287
11.18 290
11,55 292
10.90 .440 24.8 300
.85 .500 23.7 295
11.25 610 18.5 295
11.08 Sec Hotes 300
11.12 .440 25.3 295
1.2 800 22.2
11l.12 .610 18.2
11.08 Soe Notes 300
11.10 ot Rocordou 297
11.10 Not Recorued 297
11.10 Not aecorded 297
11.05 Sco Hotes 305
11.0. .440 5.2 300

#1 psia #2 psia ?

15.17
15.61
16,33
17.59
19.52
22.06
24.99
26.00
27.20
27.69
28.38
28.62

15.1

16,08
15.71
21.20
23.62
25.20
26.40
26.80

14.72
14,71
15.18
16.07
18.10
«0.44%
22.72
23.27
22.40
26,57
27.20

14.62
14.42
14.03
12.79
15.88
22.47
24.49%
24.82
£5.57
45,50

};d

<
s

Tabl
DETAILED BUH

Puel - No. 1% '

14.73
14,89 ‘é
14.98 Y

Prosaux
41 psit
X
15,28 bY
b3

16.13 b1 06,53
B 317.59
E]19.52

22,06
24.99

17.93
20.24
21.90
22.15
22,61
23,18
238,37

14.7

14.72
14.40
15,01
16.51
17.57
18.45
18.82

14.62
14,00
14.30
13.7¢
11.8
11.05
9.45
8,75
6.25

. .
@23

DO @O Kb

e

3o .c.-:(g

6.82
6.96

S
.

.
DS NI QK I
O“OQN-DOS

14.73
14.92
15,51
17.08
4.64
9.24
6.79
6.96
7.16
49.20




Table ), Poge 4
DETATLED BURNER TEST DATA

¥uel - No. 1 Solvent Naohtha

P

; 15,07 1473 147 14.72
14 4 15.61 14,89 14,69 14,72
16,3 1498 1466 2473
{1799 15.28  1a.58 472
19,52 16,13 14.283  14.73
§22.06 17,93 13,15 147
24,99 20.24 10,83 14.91
‘26,00 21.90 44 13.16
B-!27.20 225 d.cd 12,10
Yeo7.69 22,61 4.3, 5.60
128,38  23.16 434 5.8
§28.62 25,37 4,48 5.86
14.7 14.7 13.72
14,72 15,60 1..73
14,40 14,30 474
15.00 13,81 14.00
16,51  13.4% 14,89
17,57 12,07  15.07
18.45 8.45  14.47
28.82  la.d  10.67
4.72  14.62 14,70 14.7
4,71 1%.50 2471 14.70
5.18 14,30 1452 14.70
N6,07 13,96 14,70 14,71
€.10 11,81  14.61 14,69
©0.44 11,05 14.78  14.77
Ea.va 9.45  14.55  14.70
23,27 8,75  14.23  14.66
+P4.40 6.25 5.42  14.34
Nibs.57 6.62 5.91 6.40
37,20 6.96 6.06 6.59
1473 1492 147
14,92 14,73 14.7
15,51 14.73  14.59
17,08 14..0  14.69
464 1475 14,74
9.24  14.39  14.70
6.79 5,96 11,02
6.96 5.89 6.44
7.16 6.05 6.64

49,20

131.7)
1:.7
4.7
14.7
14.7
14,77
1:.77
14.74
1-:.73
14.47
10.28
6.74

4.7

14.7

14.69
14,72
14.0
14.88
14.89
1..89

13.7%
14,73
14.72
14.71
14.72
14,77
14,77
14.75
11,69

7.48

7.40

24.7
4.7
14.72
14.72
14,75
14.74
14.36
13.3)
9.83

Prossure Presgure Preasuro Prosgure Pressure ires: ire
#1 psia #2 psie 3 psia 44 psia S psia #6 paia

14.71
1i.7

1.7

14,72
1..72
14,73
14,79
14,40
l4.81
24.73
14,40
14.08

4.7
14.7
14.7
14.72
14.77
14.80
14,84
14.68

1.1
15.69
16,65
18.54
i1.02
2i.44
26,67
27.93
29,20
3)..57
32,39

15.24
16.4$
18.00
20.73
24.13
87.46
29,80
30,33
21.15
52,80

Sggutc

. Ratio
perimenta)
. Alr Sp. to Theoretical
Thrust Sp.Thrust Efficiency Inpulse ica) - Agr
. /i) s0c. H #/#soe. Sp. Impuine %
g64 2175 8.8 Alr and Puel Rates set,

then ignited with
spark only.

O e 4

Continuous Burning

Throo injection ncedles
used., Afir and fusl
rates sot, then ig-
nited with spark only.

Threo injoction needl os
used, 4 in, place -
contisuous durning.

Four injection nocodles
used.
Afr and Suel rates
set, then ignitod
}‘/ahh spurk only.

Continuous burning.

Threo injection nosdles
ugod, 4 in place.

Notes and Cozmente

Ignivion coila ot bu ob-
vained above this air
rate, thus confir.ang
observations of 1/3/46
on this burner.

Ignition after only &
fewr seconds, |

Smooth flame in upstream
flame holder but rain
portion of fuel did not
ignito.

No flare in upstrean
flasie holder - no fgnition.

Full ignition at A/F ratio
19.3 to 35.0. Smooth
burning ovec ASF ratio of
22,9 to0 32.3,

Pro=pt ignitica.

Full ignition after about

S socoads.

Vory snall flaze in upstroan
flane holdor-no ignition.

Full ignition at A/F ratio
of 18.2 to 35.0. Smooth
burning at A/F ratlo of
22.9 to 30.9.

Ignition after only a fow
soconds.

Smooth flare ia upstrean
flame holdor but tho main
portion of the fuol was
not ignitod.

No flaro in upstroam flame
holder - no ignitlon.

Full ignition at A/Y ratio
of 19.5 to 33.2. Sumooth
burning over A/F ratios of
22,9 to 32,7,

Proapt ignition.

PDN 4176




Date of Run

1/8/46

1/9/46

1/10/46

1/%./46

Run
No.

Model No. Desoription of Systen

6 2-1&5-15.0-4 ssa doscription of Burner

7

1
2

3
4
S
6
7
8
9
12
14

138

17
18
19
20

&

No. 2-1A3.15D-4 above.

£-JA3-1CD-4 Inner Body Diffuser - 4 fuel in.

Jector neodles, 21" mixing
section, 54" tail pipe, first
fleme bolder 3/4" "Y"-gutter,
second flans holdor 6" downe-
atrean 1" "Y'-gutter with

1.5" dia. ceatral opening.

Spark ignition.

Pross. ¥l - Press, milvay be-
tween flane holders.

Press. 52 - Press. 3" down-
atean fron downstreaz flane
holder.

Eress. 3 - Pross., 9" downstream
trom downstrean flare holder,
Press, #4 - Presc.23" downstrean
froa downstresn flanme holder.
Press, ¥5 - Press,35" domistrean
from downstreat r'lalo holder.
Press. /6 - Fress. upstroan fron

fusl injootors.

2 2-2A3-10D-4 Inner Body Diffuser - 4 fuel ven-
3

1]
5

turis, 21" nixing sestion, 54"
tail pipe, first flmae holder
3/4"."Y"-gutter, second flane
holder 6" downstrean 1" "Y".
gutter with 1.5" dia. central
opening, Spark ignition.
Press. #1 - Pross, nidway be-
tvoon flane holdera.
Press. #2 - Press. 3" downstroan
fron doroatraen flano holder.
Progs, §6 ~ Pross, upstrean
Tronm venturis.

8 2-243.16D-4 Ianer Body Diffuser - 4 fuel ven-

3 2.2A3-10D-4
4

-]

turis, 21" nixing section, 54"
tail pipe, first flame holder
3/4" “¥.gutter, second flame
holder 6™ Aowastrean 1% »Y"¢
gutter with 1.5" dia. central
opsning, 13" oylindrical
straightening section upstrean
from upa” can flamo boldor.
Sperk ignition.

Seo nbove, Freosuro columns aro:
Press. f1 - Press. nidwey be-
twoen flamo holdera.
Pross. §2 - Press. 3" downstrean
fron downstroan flace holder.
Press. §3 - Press. upatrean
from Yvoaturis.

AL

Type of Air Rate
Ignition #/scc.

Spark  11.08
ony
" 11.08

" 11.10

2,80

4.78

6.33

7.63

9.20

10.45

11.23

11.63

12,12

Spark 11.03
Only

" 11.38

" 10.46-20.71

" 16,75
. 11,19
. 10,73
" 10,80
" 11.04
" 11,30
" 10.85
" 10.78
" 10,68
" 10,67
" 1.08
" 10.5%
" 10,90
" 10,63

#/800. Ratio
500 22,2
+610 1811

Seo Notes
440 25.2
+610 18,7
75 13.7
2317 35.3
+666 18.1
583 16.5
»367 30.1
<667 16.9
430 24.7
500 21.5
.60 17.5
130 15.6
440 24,99
+500 21.80
+610 17.4%

Alr Temp.
*F,
300
300

297

291
289
290
291
295

306
309
309
299

306

308

300
02

304

297
297
297

Fuel Rate Alr Fusl to Burasr Pressuro Pressure Prossust

14,68
14,72
14.9
15,44
17.46
19,8
21,43
22,16
22,76
47.7

54,0
39.5
53.4
52.3
4.7

49.0
52.4

T g e,

14.64 14,71
14.50 147K,
14,17 14.72:§
13,78 14,73°
12.94 14,66
12.56  14.81' §
8.44 12,00 8
8.75 6.42°
8.98 6.60" %!
44.0

45.0 52,6
48.2 55.3
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Table 1, Pago d ‘

N Serarie BURER TEST DATA
Pog R N

: 3) - No. 1 Sclvent Nephtha {
Ratio

Bxperinents) ‘

Afr 8p. to Theoretieal i

' Pressure Preasure Prossuro Pressure Pressure Thrust Sp.Thrust Rfficienoy Impuwlse ical . Alr H
w 42 psla 43 pala 4 psia #5 pele #6 psla ¥ ¥/f/se0, % #/#/s00. Sp. Inpiras % Notes and Gormonts 1
9

Thros injection neecdles Fu)ll ignition after 18 £

used, ¢ in place. seconds, H

+ALr and fuel rates set, No flame in upstresn

then ignited with epark flane holder - no igni- !

only, tion, N

Continuoua burning. Full {gnition at A/F ratlo . ?

of 20.2 to 34,1, Smooth N
burning over A/Y¥ ratio of \
22,2 to 31,0 i

upsatrean flene holdsr,
No full ignition,
Full ignition: over A/F
ratio of 13.3 to 35.0.
Smooth burning over A/F
ratio of 29,4 to 35,0}
13.3 to 19.3.
Rosonant over A/F ratio
of 15.3 to 87.9 ~
particularly bad 22,7
to 25.4.
4.7 Smooth burning.
5,3 Smooth burning.
4.1 8mooth burning. -
3.7
4.8

14.64 14,72 14.7 14,7 13.08
14.%0 14,71 14.7 14.7 15,93 Systen
14,17 14,72 4.7 14.7 17.35 Press. Drop :
3.78 14,73 14,7 14.7 19.18 Calod. fronm 3
22.94 14,66 14.7 14,72 22,29 Theoretioal \
12,56 14.81 14,72 14.78 25,40 and Press.
8.44 12,04 14.69 14.95 27.41 Lieasurensnts
8.75 6.42 1.1 14.66 29,07 psl )
8.98 6.60 7.25 14.29 £9.13 !
44.0 51.2 897 2040 83,0 130 90.2 5.7 ALr Puel Rati® set, Full ignited after a fow !
5 thea ignited with  seconds, '
spark, Small unsteady flare in !
N
N

e

51.20 56.3 1075 1375 75.3 84.0
3644 43.5 684 2160 77.3 88.5
50.? 85,7 1078 1620 80,3 148 83,4
8,7 9.9 S.ooth burning.
85.7 92.0 Smooth burning.
Srall unsteady tisme in
upstream flsxe holdar,
no full ignition. -

l Ar Fuel Rates set, Prompt ignition - smooth
4

49.8 53,0 1083 1825
4.8 47.8 823 22%

B T L R T R LT L T e

4.9 2.0 927 2110 87.1 136 9l.4
48.2 55.2 1032 2065 .2 144 3.4
5.2 8.1 1089 1783 85.2 1.5, 92.9

then ignited with buraing,
gpark. Burning snooth after a
. fow seconds.
Pronpt ignition but very
rough duraing.

T e TSP O A

X8 8 %

TCETT

No full ignjtion, Szall 3
flane in upstrean flame s
holder over A/¥ ratios of P
20,3 to 51.1. ;g

55.3 1020 2040 88.0 then ignited with Snooth burning.

52.6 945 2150 87.7 ' Alr Fuol Rates set, Szooth burning. )
spark. Rough burning.

PDN 4136
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