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SUMMARY

e e s . :
Static burner testing has;gﬁgn conducted on a small scale to discover
trends which will be useful in the layout of the shrouyged combdbustor for
connected-pipe tests., Burners were tested with nlet tubes at
90° to the burmer axis, inlet tubes slanted 45° upstream and L5° down-
stream from the 90° position, and inlet tubes at 90° to the burner
axis bul nominally tangential to the combustor shell,

Using the inlet tube direction which resulted in the best apparent
performance (the L5° downstream inlets), the effects of burner length
and exhaust configuration, fuel nozzle protrusion into inlet tube,
inlet tube penetration into combustion chamber, and inlet tube length
were observed,> For the configuration of a li" ins?3e diameter burner
“m:é§8" T.D. inlet tubes inclined L5° downstream, the best

performance was obtained with a burner length of 30 5/8" including an
exhaust epansion to 5" I.D. Fusl nozzlss were [lush with the inlet
tube entrances and inlet tubes as nearly flush as possible with the
inside surface of the combustor. Performance deteriorated as the
inlet tube length was reduced from its initial length of 3 inches in
5/8" increments,

Development of the gaseous propane fuel supply system resulted in a
systan which was satisfactory in all respects for the static burner
testing, and which is expected to be equally satisfactory for the
shrouded cenmbustor tests, v
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1.1

1.2

1.3

INTRODUCTION

Background

Extensive exploratory static burner tests were conducted:in
Phase I of this contract in order to discover irends cone
cering the effects of various combinations of combustor
geometry on the ability of burners to support resconant combus-
tion over wide ranges of fuel flow, This early phase of the
program resulted in the development of a shrouded combustor
with a maximum of 100 air and fuel inlets with the air inlets
completely submerged ’.n the combustor shell.. In order to
facilitate simplicity of construction, the air iniets were
installed at 90° to the longitudinal axis of the combustor.

Concept,

For some time there has been considerable interest in deter-
mining the effact of slanting the flush air inlets so that
the tlowback through the inlats would be directed downstream’
in the surrounding shroud, There are various reasons why
this should be helpful. First, the blowback should not .tend
to block the inflow to the shroud., On the contrary, it may
act somewhat as ejector primary flow to increase flow through
the shroud. Second, the possibility exists that the combus=-
tor pressure rise at the head end might be increased by inflow
through the inlets that is directed tc rards the head end of
the combustor. Third, in exploring other simple but untried
.nlet Airections into the combustor. a direction of inlet
might be found which gives a significantly greater fuel flow
range at which resonance is sustained,

Approach

Because of the rather difficult consiruction problem involved
in a shrouded multinle inlev combustcr with slanted air

inlets fiush with the outer surface of the combustor shell,
some initial comparative statlic tests of an unshrouded burner
sinple hardware were conducted. These tests compared the
thrust and pressure rise across the head end of the combustors
with twelve air inlets aligned as follows: (1) at 90° to the
longitudina) axis of the combustor, (2) slanted downstream

at u5% and (3) at 90° to the longitudinal axis of the come
bustor bat nominally tangential to the combustor shell (swirl-
inflow). The nurpose of these tests was to look for trends
that might help in the layout of the next shrouded combustor
confi~uration, recognizing of course that there "is a big

Junp f{rom the static orerating situation to that in which the
turner is shrouded and the air inlets are made flush with

the shell,
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It is recognized that many additional variations of static
burner configurations could be conceived and tested, but
the scope of this investigation necessarily requires thaut
the variations be limited to a few simple configurations
which will ovrovide 2 good quantity of data to show trends,
This progress report describes the characteristics of the
fuel supply system, the test instrumentation, the static
burners tested, and the trends and conclusions derived, :
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2. DISCUSSION

2.1

Fropane Fuel Supnly System

The fuel supply system is shown in the Figure 1. The funciicn
of the heating tank in which the propare cylinder is im-
mersed is to heat the propane, thus raising its vapor pressure
and, consequently, raising the fuel supply pressure.: Liquid
tap propane cyliaders were used in prefersnce to gas tap
cylinders in order to obtain a more stable fuel supply pre-
ssure, With a gas tap, a large volume rate of gas f{low out
of the cylinder occurs when the burners are operating. This
requires a large rate of gas production in the cylinder,
resulting in constantly decreasing cylinder pressure, since
the temperature of the entire cylinder of propane cannot

be raised quickly enough to provide the required latent

heat of vaporization to support gas production requirements,
With a liquid tap, on the other hand, a relatively small
volume rate of liquid flow out of the cylinder occurs, and
gas production occuss readily, thus maintaining ccnstant
cylinder pressure. Since the interpretation of the read-
ings of the Fischer-Porter Flowrator Meter used to measnra

-gas flow rate is quite sensitive to gas pressure, the liguid

tap fuel system was essential io the accuracy of the test
data, N

The direct weight rate of propane flow was determined by
means of the weight scale on which the propane cylinder and
its heating tank were mounted as shown in Figure 1, From
the valve mounted on the propane cylinder, the liquid fuel
was led through a 200 psi relief valve and through a short
length of flexible hose %o the coil heating tank; there

the liquid propane was converted to gas in the coils im~
mersed in hot water. A supply pressure gauge and a flow
regulating valve wWere mounted downstream of the coil hest-
ing tank. Fronm the fiow regulating valve, gaseous propane
was led to the Fischer-Porter variable-area flowmeter where
its vressure aid u3amperature were measured at the meter
cutlet: it then vent to the three-way valve,

The three~way valve was not a regulating valve, and it was
used only to nrovide a quick means of shutting off fuel te
the resonant burner or tc substitute compressed air for fuel
in order Yo scavenge and cool the burner, When a short air

vlast was required to start a burner resonating, it was
introduced by means of the three-way valve,
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2.2

Static Buimer Variationa

Static burner teating commenced with A burner configuration
which had hean previounly tssted in serly chawee, It
eonsinted of a 26" length of k" 1.D. plve of 1/4™ wall

ickness, closed an one end, with twelva alr {nlet tubos
tustalled at 0P Lo the axia of the nine, Frow this starts
ng watlad, inlst Lube configurations wure changed, burnsr:
longtho wore varied, rurner sxit charactoristics vers
tnvestig: “ed (axpanrion at exit, contraclion at exit, and
conmtant ares svit) ard the daecram of penstratizn of tha
el rosslen into tiw inlat tules wax vardad,

In addition to the 907 inlet tubex, the following direciioow
of tnlet tube inclination vers tested)

&) thlet tuten inciined [E° unetreas ($nnlined 449
Lowerd the nakd wnd of the Lymmer Jres \he 209
rokitlion,)

B tnlet Luhen tneitped LU0 downmtrenm (ncliasd 45T
toward Lha azhauit end of the burnar fron e %07
poRitian)

2} inlet tuhen a4l 207 to U.e plane of Uhe Larner
axis, byt (rirotuced nearly Langeniially iste
he bufner,

Figure ¢ shows Lea laywul af saeh barie inlet ronfipuratish
Loxlagd, the Laxir barner disenkiche, Lhe 4 vmmalana of tha
and bell ai.d aoanls aked Lo crents 4 tsirney Aty saxnruaion
whd aontraction rernaclively, and (he dirhnsione of the
Tuml pegulom, [ots t5%L comlablian ~reQsare WA nan.gprmd
al severa: -ointe avrase the lornes haad snly,

!.nul \1.]

JeV) Cowprartron of Varlous iurner inlebl Lanfligura -nha

The inlet tuale configuration in which Lhr LiloR are
Incilrmd L5 dowaatream gave serformance As.erior ta
those of the tangential, the %0°, an? the EC o
pirean {nlel tube inmtallationa, ¢ -midering the
cunl.ired requirssenis cf high 2o-tvation presnurs,
high thruat, shart bumsr lenpth, easda of starting
reconant cosbustion and fuel fiow rnps at which
resonince was maintained. Iirures 3,4, and ' rhow
parfornance comprriaans. Tha charscteristi-u 2! tha
otmur {tanpenit v, QU° and .50 upstresm) fnfet tube



directions are discussed below relative to the hSo
downstream inlet tube installation.

For the sake of convenience, parameters are sometimes
discussed relative to fuel pressure rather than

fuel flow. This is justified, since the fuel flow
path from pressure gauge to burner is identical in
evary case, and the effects of fuel temperature and
the pressure zone into which the fuel sprays are

thought to be slight.
2.3.1.1 Tangential inlet

The thrust obtained with the tangential

inlet burner at its maximum fuel flow was
approximately equal to that obtained with the
450 downstream inlets at the same fuel flow,
This thrust was achlieved with an average
burner head oressure of barely 1® Hp0 gauge

pressnre, whereas the 50 downstream inlet
configuration had an average burner head
rressure of 17" HoC gauge pressure at the

same thrust. However, at S7" burner length
this configuration still could not equal the
fue). flow range over which the L5° downstream
inlst configuration with 30 5/8" length
would resonate. Nor could it match the max~
imum thrust obtained, The effect of reducing
the length of the tangential inlet burner .-
to 3¢ 5/8" was to raise the burner head
pressvre sharply, reduce the thrust slightly,
and reduce significantly the fuel flow range
at which the burner would resonate, No

data were recordad at 30 5/8" burner length
with tangential inlets because it was too
difficult *o start resonance,

21.1.2 15° Upstrear inlet

Apnreciably lower thrust and burner head
nressure were nbtained with this inlet than
with the [,5° dounstream inlet at 30 5/8"
urner length.and the fuel flow range to
sunncrt resonance aopeared reduced, Ine
creasing the burner length to LO" resulted
ina 1¢d thrust decrease, considerable
nressure increase, and an increase in the
fuel flow range for resonant cornbustion,
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At L5 5/8" length, the thrust was equivalent
to that of the 30 S/8" length, and pressure
decreased slightly from that of the LO"
length, Again the fuel flow range for
resonance was increased with increased
burner lengths,and resonance would begin
automatically at 6PSIG fuel pressure.

2.3.1.3 90° Inlet

At 30 5/8" burner length, the 90° inlet
burner provided thrust approximately equal
4o that of the L45° downstream inlet but at
a lower pressure, These effects held at
fuel flow rates less than 70 lbs/hr. 1In
the range of 70 to 75 lbs/hr fuel flow,
both thrust and bdrner head pressure began
to fall off, and a maximum for each, was
exverienced at 80 lbs/hr fuel flow, core
responding to a fuel nressure of about 125
psig. Beyond this fuel flow, both thrust
and pressure vere reduced, and it is con-
cluded that this burner has a deteriorating
change of characteristics near this point,
Resonance began automatically at 22 psig
fuel pressure, and rich-out occurred at

lhg']-hg ;‘)Sig.

2.3.2 L59 Downstream inlet

The 45° downstrean inlet configuration was
tested with several combinations of burner
length and exhaust diameter, as shown in the
table which follows and in Figures 7 and 8.
0f these conmbinations, the 30 5/8" burmer
length; including end. bell, gave the highest
thrust but had a slightly lowWwer Lurner head
pressure than the 25 5/8" length with end
beli.

-

-

R R oy T T

A il WM BIIR S5 w35 o

o ey

S £ A iy e s 08

BB o N, T

b L S LR * i P




TABLE 1

CHARACTERISTICS OF VARIOUS u5° DOWNSTREAM INLET BURNERS .

Burner Exhaust Exhaust Thrust @ gZighE:::;. Resonant Lean-Out Rich=Out
length Fitting Diameter 80#/HrF.F, @80#/HrF.F, Starting Fuel Press., Fuel Press.
25-3/8" Reducer 31/ ~—---- - ~m= Noo A8, ==cesmmmmee  meccocscaus
26" None L 5.2 lbs, 16,3"H50 Air Réq. 25 psig 145 psig
25-5/8" End Bell 5" 5.2 16.7 Air Req. 20 ' :»'i?l
30-1/8" Reducer 3 1/2" L.3 14.2 Air Reg. £ 39 150
30-5/8" End Bell 5" 6.2 15.6 Auto@lSpsic 30 > 175
36-1/8" Reducer 31/2" 3.8 13,0 Air Reqe <029 175
Lon None L L.S 12.3 Undet, £ 10 > 152

57 S5 13.C Undets £ 033 > 160

45-5/6" End Bell

2.3.2.2 Effect of fuel nozzle psnetration inte inlet

Using the burner of 20 5/6" length including
ond bell, various positions of fuel nezzie
penetration with respect to inlet tube entrance
plane were investigated. The effect of the °
fuel nozzle position is quite pronounced,

since the fuel jet into the air inlet acts

as an injector (jet pump) to aid charging of
the bturner with fresh air during the intake
nsortion of the comtustion cycle, Four fuel

nozzle positions were tested, as follows,
using 3%lengtn inlet tubes, .

3} lozrle I/LM outside nlane of inlet
tube entrance

") Nozzie in »lane of inlet tube entrance
c) Nozziu projoscting 1/4Y imto inlet  tube

2} Nozzle troldecting 172" into inlev tube
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In cases (c) and (d), resonant burning would
not start without an air blast, so couplete
data wer. not taken, Placing the nozzle

1/L" outside the plane of the inlet entrance
{a) resulted in a small decrease of thrust and
pressure relative to the values obtained with
the nozzle in the plane of the inlet entrance
(b) as shown in Figure 9,

Effect of inlet tube penetration inte combustion
chamber

As maybe seen from Figure 2, bushings were
provided into the combustion chamber of the

1iS° downstrean inlet burner so that the inlet
tubes could be moved along their axes to

allow the degree of nenetration into the com-
bustiion chamber to be varied, The inlet tubes
were held in =»osition in the bushings by cap
screws, Note also that the bushings them-
selves nrojected a small distance (approximately
1/2" to 3/L"., Sce Figure 2) into ths combustion
chamber,

inlet tube nenetration was
cesitions of inlet tube, as

(a) inlet tube eand flush with end of
bushing

{5} inlet tube nrotruding 1/4" beyond
end ¢f bushing

(¢) inlet tube nrotriding 1/2" beyond

3 LA S -
end of tushing

uhe nrctiridine 374" berond

4 - .t ~ ~ —
‘e) 1nlet tube scarfed L59 on the end
s5 ASs to mare the nlane of the end
parallal Lo thie Lo i
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With the plane of the inlet tube end parallel
to the axis of the burner, thrust was signific-
antly lower over most of the fuel flow range
than with the plane of the end at L5° to the
burner axis, despite the fact that in cases
(b), (c); and (d) the actual penetration into
the combustion chamber was greater.

2.3.2.14 ESffect of inlet tube length

Starting with an inlet tube length of 3%,

the tubes were reduced to 2 3/8" length, then
scarfed 45° on the inner ends, and then re-
duced to 1 11/16" length. -Performance
deteriorated significantly az the length was
reduced as may be seen in the plot of Figure
11, Comparing the 1 11/16". inlet condition
with the scarfed end condition where one side
of the tube was 2 3/8" long and t++ ,ther
side was 1 11/16" long, the orly dii -ronce
in performance was that the scarfed conditicn
gave a larger fuel flow range for resonant
combustion. In the scarfed condition, the
inlet tubes were so oriented that the plane
of the end or the tube was parallsl to the
axis of the burner,

2+3.3 Efficiency of Comtustion

In terms of nercent combustibles in the b
the resonant burner anpears to have very o:d come
bustion efficiency, bas~1 uoon a preliminary check,
A single-noint check with a Johnson-Williams combus-
tibla cas indicator showed about 1% comhustibles in
the exnhaust (roughly comarable %o a Diesel engine).
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3.  CONCLUSIONS

The foregoing results indicate & number of significant conclusions
relative to the static resonant burmers, as cited %elows

1. For any given burner confipuration, thrust varies
approximately linearly with average pressure across
the burner head over most of the luel fiow range, but
not necessarily with fuel flow, MNear ..lr-out, the
thrust begins to lag, and may even reverse with some
configurations.

2. For a particular burner, each direction of inlet tube
into the combustion chamber provides a characteristic
of thrust vs average burner head oressure peculiar to

that direction of inlets, and thez =flect of inlet direc-
tion on burner performance is very strong,.

3. For a gilven burner configuration, lengthening of the
burner resulis in easier starting and a greater fuel
flow range over which resonant combustion will occur,

%Y. A contracting burner exhaust results in a lower rate
of change of thrust with respect to average burner
head pressure; poorer starting, and a lower fuel flow
range for resonant combustion than does an expanding
burner exhaust, .

7. Use of an exvanding burner exhaust results in a greater
fuel fiow range for resonant combustion than with a
constant area exhaust, but does nol signifllcantly affect
thrust vs average heai ovressure,

6. Surner thrust vs average head nressure appears to be
not n&a:sl:” so sensitive tr burner length and exhaust
configuration as it is %¢ direction of inlets, On
the other hand, ease of starting and the range of ‘fusl
fiow to supnort resonant combustion appear to be more
dependent on burner length and exhaust configuration
than on inlet direction,

The average burner head pressure required ‘o nroduce
a siven thrust is 2 function of nlet tube direction,
nnd can vary widely frem one direction of inlet tube

ansthar, .
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10,

11.

12.

The o “imum location of the fuel nozzle exit is in the
plans .{ the inlet tube entrance.

In gensral, performance decreases severely as the inlet
tube penetration into the combustion chamber increases
and as the inlet tube length is reduced below some op- {
timum value (for a given burner). o

The particular shapes of the curve of burner head pressure
vs radial distance from the purner axis appears to be

set by inlet tube characteristics, and appears similar to-
(and therefore predictable from) the shape of the curve
obtained when air alone is blown through the fuel nozzles
and there is no combustion, -

For a given burner langth (which for practical purposes
would certainly be as short as possible), resonant burner
performance is highly sensitive to inlet tube direction,
length, degree of penetration into the combustion chamber,
and exhaust confi~uration, and these areas should event=
ually be explored further as a means of optimizing

buraer performance.

While recognizing the necessity for an expanded future
progran of static burner testing to optimize perlormarce
and basic design parameters, it is recommended that a
shrouded 100-inlet combustor now be built and tested %o
verify that the gap between a static burner with a small
number of inlets and a shrcuded burner with & much greater
number of smaller inlets can be bridged in a practical
MANNRT .
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