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| ABSTRACT

This thesis details an investigation 1into the nature of

soot rroduction ir a gas turbine combustor. The goal was to
| obtain axial temperature profiles anl soot size d1istritu-
tions inside an Allison T63-A-5A combustor. The present:
temperature probe and gas sawmpling apparatus were atle to
acqguire data. Results from these initial tests suggjestel
; some preliminary conclusions. First of all, ilatter temper-
ature prcfiles were rpossibly indicative of fuels with lower
aromatic content. Also, soot size along the centerlire of
the combustor did nct appear to change appreciably. Scot ]
) itself seemed to be ccﬁposed of 0.1 micron spherical parti-
cles frone to agglomeration. Relatively large, puff-like
structures observed on sample collection filters were agparc-

er.tly artifacts of tte sampling technique. Several methods

of improving the apparatus were suggested.
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I. INTRODUCTION

The aircraft of the United States Havy constitute one of
the larger air <forces in the world. Certainly then, the
Navy has a vested interest in obtaining peak performarnce
from the engines which power these craft. The domirant
engirne in mcdern aircraft is the axial flow gas turline and
its varicus derivatives (turboshaft, turkoprop, turtofan ani
turbojet). Crne element of turbojet performance is conmbustor
generated soot.

Consideration is being given by both the civillian
sector and the military to the use of alternate, or wider
specification fuels.  This is necessary in order to
anticipate the effects of world events and supplies on the
guantity of available crude ior production of JP-4 and Jp-5S.
In addition, smoke suppressant fuel additives are being used
in sore engines when thev are operated in test cells after
overhaul; the use of such additives soaetimes being the ornly
practical way to meet local ambient air quality starnilards.
The effects of alternate fuel coumpositions and additives
needs to bPe determined. The formation of soot, NOx andgd
other rpollutants, as well as metallic deposits are all
effected by the fuel teing burned. These factors car effect
aircraft combat survivability, hot-section performance, ani
engine life. Current technology has not vet produced a higkh
performance engine that is soot-free bhetween overhauls.
Before such an engine can be produced the so0t
formation/consumption processes will have to Le nore clearlvy
understocd.

Gas turbine cembustion research at t he Maval
Postgyraduate School has centered on evaluating smcke

suppressant fuel additives and alternate fuel compositiors.
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This research Las been 1in support of the YNavy's Aircraft
Pollution Atatement Sutproject.

Scme of the earlier research performed at the Naval
Postgraduate School concernidg smoke suppressant fuel
additives was conducted by Bramer [Ref. 1]. Various
rarameters were measured and correlated for six 1ifferent
fuel additives. Wkile this research identifiel scnme
effective additives, it was limited in scope. A simulateld
ramjet-type dump burrer had been used and measuremerts were
male crnly in the exhaust stack.

Subsequently, Krug [Ref. 2] and JnBeau [ Ref. 37
constructed a fulli scale gas turbine combustcr test
facility. This facility incorporated the coambustor frca an
Allison T63-A-5A engine. Krug and DuBeau conducted initia
operations to check cut the combustor and the associated
diagncstic equipment.

Weller [Ref. 4] then used this apparatus to exaaine the
effects of fuel composition and additives on exhaust 1NOx
concentration and aft-combustor sectiorn soot size. The
latter was determined using 1light transmission measurements
through the combustor.

This tlesis documents evaluations of wvarious fuaal
compositicons made using the £full scale jas turbire combustor
test facility. Several modifications were made to the
existing test apparatus before these evaluations cculd be
rade. A probe traversing mechanism was Jdeveloped to olhtain
measurements along the axis of the combustor. when use]
with a thermocouile frobe, axial temperature profiles were
obtained. The same rechanism held a gas sampilirng prcte to
measure soot particle size/concentration distributions alonj
the centerline. Other modifications included re-routing all
control lines so that tests were opesrated conpletely iron
the ccntrol roon. Also, a flow meter was incorporated for

more accurate fuel flow measurements. A Technical Heater
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gas aralysis sampling hose was used to help prevent
condensatior wnen obtainirg soot samples. Frinally, a rew
high capacity air comrressor replaced the oll unit.

The goal of the fpresent study was to investigate uow tle
axial temperature profiles and the soot varticle
size/corncentration distributions varied with different fuel
compositions and fuel-air ratios. A shorter term gcal of
the NS effort has lteen to evaliate new sSmoke suppressant
fuel additives that the Navy can use in its test facilitiecs.
The lenger term goal has been to obtain a clearer 4efinition
of the soot production and consumption process irside a
combustor. Vith a clearer understanding of scoting
frocesses, shoke suppression could be accomplished througun

combustor design and/cr tailored alditive compostion.
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the pcre. 7Tris scerario explained the existencz of puffs of

roughly the same size as the filter pecres, It  ray also
explairn the results chtained in the present investigaticn,
even though the puffs were now three to Zour times Liyjer
tlian the fiiter rpores.

Tigs. 18 arnd 1S suggestel a possible way of elimirating
the puff-like structures if only particle size data are
desired. Tlke 8.0 micron membrarne from run D did not exhibpit
any of the 2% micron, puff-like structures. Although run D
lasted for 20 seconds, 1t had a very low flow rate. The
mimber of particles which entered the probe had to have Dbeen

ruch lcwer than 1in other runs. Thus, the pufi-_i

—
=
U

structures could possibly be eliminated by shorter sampling

times.
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rarticles. The SEtM photograyhs of the 0.2 wicror memktranes
revealed that the smaller particles were spheres that formed
irto larger agglomerates. The small srherical rarticles
were altout 7.1 micron in diameter. The photographs of these
rarticles looked the same for each samplirg locatiorn. Thus,
the smallest soot particles aprearel to be approximately 3.1
micrcn spheres, prcne to agglomeration to> larger size
throughout the combustor. This was con-istert with %eller's
[Ref. 4] optically measured diameter of 0.2 to 0.3 microns.
Weller's slightly larger number could be attribiated tc the
ajglorerates, a few of which in a large population of 2.1

tc J.°

e

ricron particles would yield an average in the 0.2
micron range.

The large 25 micron spheres seemed to be associated with
the extractive probe sampling technigue. Similar structures
were cbserved Ly Sanuelson [Ref. 5]. He had obtained these
ruff-like structures when usirng high overall sanrle
transport temperatures and lower cooling rates. A different
morpl.ologqy had been observed when usirg higher cocling
rates. This second morphology was a plate-like structure.
Samuelson had concluded that the plate-like structure hail
been caused by water condersation in the sample; the
puff-like structures showed only slight evidence of aavy
moisture. Based on these results, water condensation was
not considered to be a problem in the present investigaticn,
ever though nitrogen dilution was not used and the rrode
cooling water was at 700F,

Samuelson [Ref. 5] also sugaested a sccnaric for tae

formation of the puff-like strucrtures. A miztnure of soot
particles ertered the protbe, possibly still undergyoing
pyrolysis. In the frobde tle mixture was slowly <cooled,

whicl prcmoted the formation of lonjy chains of agjrejated

spheroids. S5ome of these chains deposited across the rores
of the filters, The chains tuilt up and eventually clcqgge?
T4
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In run Z a 2.7 ng. sabple was collected in 179,72
secornds. This weight was divided by the collec*tion time ani
the =sarple flow rate to yield a so00t <corcentraticrn of
approximately 0.24 mg/liter. It should e rnoted that tnis
value 1s only a roughk estimate. No clear explarnatior of the
earlier necative weight <changes has been found, so the
weight change for run E 1is only approximate. Also, *the
sample flow rate was measured in the control room and had to
e corrected for the temperature and pressure effects irnside
the combustor. The measured chamber pressure was used for
the pressure correction. For the temperature correcticr theo
stagnation temperature profiles for fuel 5 were use?l. Trom
Fig. 9, using a position 4.375 irches aft of the nozzls anl
a fuel-air ratio of 0.020 yieided 1790°F.

Even though the wéight change data from the short runs
was nroct useful, some visual observations were made. First
of all, to the unaided eve, all of the 0.2 micron filters
Jooked akout the same. The sample from run B was possitly a
little Jarker than the others. The 8.0 micron <filters
defiritely tecane Frogressively lighter as the fuel
injection point was arproached (run A to run D). Tr fact,
the sample for run D was barely noticable. It appeared that
the smaller particulates which passed through the 8.0 micron
filter to the 0.2 micron filter were evenly Jdispersed
throughout the combustor. However, the soot corncentretior
definitely increased with distance from the fuel nozzle.

Figs. 10-19 are SEM photographs of the sanmoling filters.
In samples A,B and C large "puff" like shapes can he seen on
the 8.0 micron membranes. Sample D was the only orne that
lacked any of these structures. These structures were
either stherical or appeared as several snheres comtinrel in
chains. The 1individual spheres were about 25 microrns in
diameter. Under higher magnification taese larjer spherical

shapes were seen to le agglomerates of millions of smaller
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There were other errors inherent in the use of an
extractive probe that could not have beern eliminated. These
errors included compostion <c¢hanges due to catalvtic
reactions on the prote walls (although it has poirted out
that stainless steel is the least reactive tube material
other than quartz [Ref. 6] ), and the time-averaging
characteristic of a sampling probe whenr used in a turbulent
flame. Also, the very presence of the probe created a fluid
dynamic and/or thermal diturlkance to the Ilow.

A summary of the test conditions for the sam

5o

lirg runs

is presented 1in Table 3. Funs A through D used a szhort

=

sampling time «c¢£ aprroximately 30 seconds to wminimize the
soot collected. The purpose of these tests was to olrtair
particle size data, rnot soot concentration levels. Puns =
and F were made with ionger collection times in order to
obtain the concentration data. These latter runs resulted
in large anounts of soot, which precluded the use of the

scarning electron microscope for aeasuring particle size.

The filter membranes were weighed Ltefore and after each run

in order to determine the weight of the sample collected.

For the 20 second runs (A-D) the weight changes were often - f
negative, probably due to some of the filter was bheina cut ‘

off by the holder or possibly oxilizing when cxposed to the ® '1
kot sample strean. For this reason no sawmple weight data '
are presented for runs A through D. Two 3 minute runs were

male in an attempt tc gather a large enough sample to weigh. S
These two runs (E and F) were repeats of runs A and D. Run Y
F collected only a neglible amount on the 8.0 micron Zilter. %
t that

this sample was collected so close to the fuel nczzle.

This was consistent with the earlier run and the fac

Unfortunately, an amount of viscous black f1luidl was found in ®
tte probe holder upstream from the 8.0 micron filter. Thus,

the weight change for this run was suspect.
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Yhen compared to fuel 1, fuel S had a lower teaperature
profile at both fuel-air ratios. Also, both Znel S5 profiles
appeared somewhat flatter about their peak temperatures. It
was possible that this flatter profile was ccnnected to the
cleaner rerformance (lower sooting) of fuel 5. From Takle 1
it was known that fuel 5 had the lowest aromatic content of
the NAPC fuels.

C. PARTICULATE COLLECTION

The original Farticulate «collection appvaratus was
slightly modified during the initial testing. First of all,
since the combustion chamber was pressurized to
approximately siz atmospheres, the vacuum pump which was
installed to enhance probe flow rate was surerfluous. In
order to maintain isockinetic conditions, the flow in the
sampling line actually had to be slowed by partially closing
the ccntrol valve with the vacuum pump removeld. Near the
fuel nozzle the valve had to be almost completely closeld,
and the flow rate was negligble. A second importart roin*
is that sirce the sampling line was pressurized, even srall
leaks in the line would completely disrupt isokimnetic
conditions. This lead to the use of better fittings arouni
the sample holders than had been used previously.

Isokiretic sampling was a critical condition for this
investigation. If the flow in the sampling lire was higher
than the surrounding flow, smaller particles would bLe suckad
into the line, The composition of the sample woull be
biased accordingly. Conversely, if the flow in the samrpling
line was lower than the the surrounding flow, the samgle
composition would be biased toward larger particles. The
rressure transducer used to monitor isokinetic conditions
was senstitive to less than 0.1 psi difference. during
testing the monitor indicated isokinetic samples were in

fact cb*iined.
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lack of cooling water. After some modifications testing was
resumed. The new Trroke (see Fiy. u) hadl a thermocoaple
which extended out the tip of the water Jacket. This tip
was encased in Omega Bighk Temperature Theramocouple Cement to
the pcint where the thermocouple was imbedded just at the
surface cf the cement. It was felt this design was adeguate
for measuring approximate stagnation temperatures. Also,
since tlLe tlhermocou;le was almost completely water cocled,
no correction was made for radiation effects.

A sumrmary of the test coniitions is presented in Tatle
2. Figs. 5-8 present tke axial temperature profiles tha*
were oktained. Fig. S superimposes all four profiles on one
graph. It can be seen that runs 1 for both fuels were made
at tre same flow/fuel-air conditions. Similarly, runs 2
were roth at the same test conditions, but at a higher
fuel-air ratio than for run 1. As expected, both fuels
showed almost uniformly higher temperature profiles at the
kigher fuel-air ratios, but the peak temperature ©points
moved aft. For fuel 1 the peak temperature point moved fron
about 4.7 inches to about 5.0 inches from the fuel nozzle.
For fuel 2 the peak temperature point moved from about 5.0
inches to about 5.3 inches from the nozzle. In both cases
the mcvement was about 0.3 inches.

The wuniformly higher temreratures were Jue to the
greater amount of fuel available for combustion. The aft
movement of the [fpeak temperatures meant that longer
distances were required at the higher fuel flow rate to
achieve vaporization and combustion.

A1l the temperature profiles alonj the combustor axis
built slowly to their peak temperatures anl then fell
relatively abruptly. This indicated that the primary
combustion zone ended at approximately five inches from the

fuel nozzle, followed by rapid mixing and dilution.
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IV. RESULTS AND DISCUSSION

SRS ENL S e

A. GENEFAL

The purpose of this investigation was toc obtain axial
temperature profiles and soot size/concentration
Gistributions inside a realistic gas turbine combustor usinjy
traversing probes. The ultimate goal was to combine these
results to help understand the soot formatiorn/consumption
Erocess. Additionally, the extractive probe results could
e corpared to those ¢of the nonextractive apparatus used by
Weller [Ref. 4], Krug [Ref. 2] and DuBeau [Ref. 3].

The fuels used in this investigation werc provided bv
the %¥aval Air Propulsion Center (NAPC). Fuel comrositions
are detailed in Ref. 7, and summarized in Table 1. Fuels 1
and € had been used extensively by Weller because thev
contairned the largest ard smallest amounts of aromatics,
respectively. In thte 12000F to 13000F exhaust temperature
ranje the +transmittance of the combustion products at the
aft end of the combustor was about 11% for fuel 1 anl about
207 for ifuel 5. This investigation concentrated on these
two particular fuels since they appeared to offer the widest

change ir transmittance.

3. TEMPERATURE PROFIILES

The temperature frobe used in this investigation was the
same one Xrug [Ref. 2] and LCuBeau had used. [ Ref. 3], It
had been rpatterned after the work of Samuelson [Pef. S].
This was 1intended to be a water cooled, stainless steel
jacketed, stagnation temperature probe which would erndure
the high temperatures and aerodynamic loais inside the

combustor. During early testing this probe failed due to a
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tetweern the inside arnéd the outside of the probe. Then the
sample actuating switch was activatel. Saaplie collection
lasted thirty seconds, at the end of which the sanpling
switch was turned off. 1Isokinetic conditions were monitorel
and maintained for the duration of the sample collectior.
After data collection was completed the fuel was turrnel
cff tc terminate the run. The maip air switch was left on
for a few seconds to clear the coabustor of any residual
fuel and to help ccecl the eguipaent. If a particualate
sample had teen taken, the filter papers were removed from
their hclders and placed in a dessicator. The filters were
subseguently weighed, then trimmed and mounted on SEX stems

to be photographed.
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i IIY. EXPERIMENTAL PROCEDUERE
Gefore conducting a run, all data recording e:quirment
was turned on and allowed to warm up. Fine calibration and
I zeroing was performed before the data collection runs; a
gquick recheck of the calibrarion and =zeroing was made
Letween each run. Prior to <conmnencing operations, all
manual shut off valves had to be opened. This included two
. valves on the air suprly line and a valve on the fuel supplvy
line. Then the nitrogen bottles which pressurized the Zuel
tank and drove the remote pressure rejulators were opened.
The frower *o all thermocouple electronic ice-points was
® turned on, and the probe cooling water was turned or. When
ottaining axial temgperature proifiles, the power supply to
the 1lirear poténtiometer was also turned on. Tor
particulate collecticn runs the £filtering paper was weighel

and put in place, then the oven and heated gas sampling hose

%}

were turned on.
Before lighting cff the combustor the area was visuwally
checked to be clear and a warning horn was sounded. All
" recording equipment was set to operate, tLe main air
solenoid was turned on, the ignitor was tuarned on, followe?
one second later by the fuel switch. Upor. light-off the

ignitcr switch was released. Exhaust temperature ard
® chamber pressure were monitored to confirm a steady state
condition. At this time, if a temperature profile was Lteing
obtained, the traversing mechanism was activated. It took
approximately thirty seconds for the prote to =rmove the
® length of the combustor. If a particulate sample was leing
taken, 1isokinetic <conditions had to first be estaklished.
The restrictor valve on the sampling line was aijusted until

]
tke voltmeter indicated no static vpressure differernce RS
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monitoreé on a voltmeter connected to a differential

Fressure transiucer.

G. CCETEOLS AND DATA EECORDING

Controls were placed such that the entire oferation
could be run from the control roon. Controls for the fuel
system included a control valve and pressure gage Ior
setting nitrogen pressure in the tank, ard a vent switch for
relieving pressure. A fuel shut-off switch was locatel next
to the ignitor switch on the main control pareil. Atove the
control panel was a flow control valve for aljusting the
fuel flow. On the air supply there was a control valve for
setting the pressure in the air 1linre, and a switch to o_en
and shut the air suprly electrcnically.

Probe travel was managed with a metering valve which
controlled the rate of nitrogen flow +to the probe's
pneumatic actuator. Particulate sampling was controlled hy
a single control which diverted flow through the saampling
filters and activated the sampling timer. The restrictor
valve on the sampling 1line was used to establish and
raintain isokinetic conditiorns.

Certain critical parameters were recorded for each run.
Stagnation pressure in the air supply line and pressure in
the combustion chamkter were recorded on a Visiccrder.
Stagraticn temperature in the air supply line and in the
exhaust chamber were recorded on strip charts. Axial
temperature profiles were made on an X-Y plotter. The X%
input was probe positon, ard the Y irput was stagnation
temperature from the probe. Records of the particulate
samples were simply the SEM photgraphs.
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2. Sarrling Prore

The 3Jas sampling probe was designed to remove 12
sampie of the combustion product froam the <combustor under
isokinetic conditions. "Isokinetic conditiors" meant that
the flow rate through the probe was the same as that cutside
the probe. The sampling probe had static pressure rorts

both on the inside of the probe and on the outside of the
prote in order to accomplish isokinetic sanpling.

Additionally, the prolte was water cooled to protect it. The o]

water used for cooling was approximately 700F. This probe ’ )
' also had provision fcr a nitrogen guench of tae sample, as

well as an output to a NOx analyzer.

3. Particulate Collection Apparatus

From the prche the sample went to a [fortakble
laboratory oven via a three foot section of Techrical
Heater, Incorporated, Model LP212 Heated Gas Analysis

Sampling Hose (see Fig. 1). 1Inside the oven the probe gases
were bypassed until isokinetic conditions were estalklisled.
Two solenoid operated valves then directed the gases through o
two Swin-lok Membrane Holders mounted in series. 1Inside the ]

first holder was a 8.0 micron nucleopore filter; inside the
second was a 0.2 micron filter. Simultaneous with the
operation of the solenoid valves, a timer was started to o
measure sarpling time. Particulate size was determined by L
analyzing the filters with a Scanning Electron Microsccpe
(SEM) . Soot concentration could Le determined by weighing 4
the filters before and after a test.

Lownstream of the filters was a restritor valve and
a flownmeter. Isokinetic «conditions were achieved by
adjustment of the restrictor valve unrtil there was no
difference between the static fpressures inside and outside
the sanpling probe. Static pressure difference was

15
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E. TRAVERSING PROBE HOLDER

The prolte holder was fabricated locally in the shaype orf
an inverted letter '7°'. Two 1inch thick aluainum stock

provided for probe surport. Two linear Lbearings were used

St anes 2o
‘ -

in the bottom of the probe holder. The bearings rode cn two

steel rods, creating a very rigid structure with cnly one

degree of motion (Fig. 2).
Moticn was achieved by pushing the probe holder with a
preumatically driven rod. A pneumatic actuator was fixel to

tLe test stand. The actuating rod was koltedl to the proke

v .

nclder. Controlled Lty a valve in the corntrol roonm, 100 ;si
ritrogen was used to 3Arive the actuator. A linear
Foterntiometer was alsc connected to the probe holder. This

rrovided a voltage prcportional to probe displacement.

F. PBROBES

Two different prchbes were used in this investigaticr.
These were the same two probes developed by Krug and DuReau,
although they were shortened 1in order to be used in the
Frobe traversing mechanism. One probe was for stagnatiorn
temperature measurements, and the other for 3jas saapling.
Collecting gyas samples required the use of a particulate

collection apparatus, in addition to the sampling probe.

1. JIemperature Probe

The stagnaticn temperature probe congisted of a

chromel-alumel thermocouple surrounded by a water cooled

jacket. The thermoccuple was inserted to near tihe tip of
the [rote, The tube was sealed using high temperature
cement. The water ccoling was to protect the probe ané diAd

not significantly effect the temperature measurement.
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C. AIR SUPPLY

'
V
V
|

Since the <combustor had Leern reaoved frca +the engiLe,
air had to be <comgressed ard supplied £roa a separate
systenm. A Bauer, odel IFS-34, compressor was 1sed to
compress the alr which was stored in several large tanks at
approximately 2000 psi. The Bauer compressor replaced the
Joy Manufacturing model whkichk had teen used previosly. The
air was supplied through piping to the two combustor inlet
Jucts. This was the same pocint where the »>driginal engirn=
air supyly entered the combustor.

Fig. 3 is a schematic of the air and fael sur;
systermns. It shows several manual shutoff valves for
isolatiny various ccumponents o< the systen. The filter
downstream of the compressor and tanks protected the cther
components. A dozoe loaded pressure regulator and a soric
choke aliowed air flow rate to be controlled remotely. 3
solenoid operated valve allowed for on/off operation from
the ccntrol roon. The sonic choke, pressure tap and
thermocourle provided accurate measurement of t+he air flow

rate.

D. FUEL SUPPLY

The fuel supply system consisted of a fuel supply tank,

« a nitrogen tank, a flow control valve, a turbine flowmeter
s with an 1ED readout, two Eldex precision metering pumps, and
® an elctro-mecharical remote control parel. The rermote
control fpanel allowed the fuel tank to be pressurized with
nitrogen. The flow control valve, located in the control
room, was used to adjust tLhe fuel flow rate. Tahe LED
readout of fuel flow was located directly below the valve to

allow precise control. The Eldex, Model E, meterirg ruaps

rvvrvlw, —

could be used to provide desired fuel additive levels.

MR e

These pumps were electrically driven, and were controiled

4. from the remote conticl panel.

13
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II. EXPERIMENTAL APPARATUS

A. GENEERAL DESCRIPTICN

This investigaticn used the same eguipment as usedl by

Krug, DuBeau, and %eller, with some modifications. A
detailed Jdescription of their apparatus can be found in
Fefs. 2, 3 and 4. For conmnpleteness, the fZoliowing is a
= description oZ the eguipment set up for the <current*
i; investigation, This description incules airl the
incoryporated changes. The apparatus included a gas turbine
t combustor, an air suprly system, a fuel system, a traversinj
* prohe hclder, two different probes, and the associated
control and data recordiny equipment,

B. CCHBUSIOR

The comtustor used was taken from an Alliison T 53-3-51)
engine. The section from the engine included the ignitor,
the combustcr housinyg, the combustor liner, ard the turbine
nozzle blocks. This section was mounted on a static test
stand (Fig. 1). A stainless steel exhaust chamber was added
aft of the nozzle ktlock. This aft chaaber had five hoies imn
it. Four of the holes were for exhaust gas, anéd were
dimensicned to provide the desired corbustor fressire.
Exhaust pipes were welded onto these holes to Jdiveri the
exhaust f£low away fron the prove holder/traversin
mechanism, The fifth hole was throuygh the centerline axis
of the ccmtustor. This hole allowed for +thke insertion of

measurement probes (Fig. 2) ard inrcorporated a bushir; seal.
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V. CONCLUSIONS AND RECCOMMENDATIONS

Through some mcdifications and additions, the gas
turbine combustor research facility at the Vaval
Postgraduate School has become a versatile research tool.
The data obtained 1in this investigation indicated that the
temperature probe was capable of obtaining temperature
profiles without sustaining damage. The particulate
ccllecticn apparatus could also be used to olbtairn data
1i1.s:de the combustor. The erntire system has been irgrovel
so that a gyiver set cf test conditions could Lte easily ani
reliably acheived. The rew air compressor greatly reduced
the recovery time between runs.

The preliminary results of this investigation suggested
a few areas for furtter improvement of the apparatus. “he
thermccougple probe should ke <calibrated before teing
extensively used 1in further combustor testing. ¥More
temperature profiles of various fuels could then ke made to
investigate the effects of fuel composition on the heat
release rate. In this same vein, the fuel nozzle of the
combustor might be modified to 1increase the vaporization
rate and the mixing rate of the fuel and air.

Tc correct the measured sample flow rate for the
temperature inside the combustor requires a knowledge of the
static temperature at the sampling point. Accepting taat
the present temperature probe gives a valid stagnation
temperature, static temperature could }e calculated if the
velocity at the samrling point were known. If the sanple
line on the sampling rrobe were plugged it could be used as
a pitot static tube to obtain velocities inside the
comhustor. T"he readcut would be on the voltmeter currently

used to monitor isokinetic conditions. This procedure wouli

26
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provide a more accurate sample flow rate. Arother possitle
_ solution is to nmerely measure thLe pressure and temfperature
!‘ within the flowmeter.
The puff-like structures otserved in thLe SEZv photographs
’ of tke =samples appear to be a by-product of the samrling
' technique. To obtain wmore representative samgples it is
il suggested that sampling times of approximately one second be
t triecd. Nitrogen dilution and the use of slower cooling
rates (hotter cooling water) should still be investigated to
determine if they have any effect on sample morrhkology.
r; Cther fuels could be tested to determine if scot size varies
with fuel compositicn. The present investigation tLas
indicated that soot size does not seem to varv appreciaklv

along the centerline cf the T-63 combustor.
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Figure 1
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T63 Ccmbustor with Sampling Apparatus.
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Figqure 2

-

Exhaust Chamber, Temperature Probe and Holder.
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Figure 5 Temp. Profile from Run 1-1, Fuel-air Ratio = 0.019.
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Figure 10 SEM Photo of 8.0 Micron Filter from Sample Run A.
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Figure 11

E

199882 28KY @9.5U

SEM Photo of 0.2 Micron Filter from Sample Fun A,
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Figure 12

SEM Photo of 8.0 Micron Filter from Sample PRun B.
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Figure 13
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SENM Photo of 0.2 Micron Filter from 3Samrle Run 3.
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SEM Photo of 8.0 Micron Filter from Sample %Sun C.
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Figure 15
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SEM Photo of 0.2 Micron Filter from Sample Fun C.
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Figure 16
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SEM Photo of 8.0 Micron Filter from Sample Run D.
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Figure 17 SEM Photo of 0.2 Micron Filter from Sample Run D.
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Figure 18 Run A 8.0 Micron Filter at Lower Magnification.

A s

us

.

T e et T e e e T e e e e e e i LT - . . . R Lo
PSP GAr SIS AT A . P L L AR vRarel M - b L] Roa daa b K 2 ar— W 2 - a - - - - * - . - . “ . . » . - 0 . .




Figure 19
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Pun D 8.0 Micron Filter at Lower %agnification.
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