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Abstract 
The goal of this project is the development of a novel, actively controlled, shipboard 

sludge incinerator using state of the art pulsating combustion technology. This study is aimed at 
determining the feasibility of such an incinerator, developing the technology to construct a 
suitable pulse combustor for exciting high amplitude velocity oscillations in the incinerator, and 
examining the benefits obtained from this technology. Two approaches have been taken towards 
the development of a suitable pulse combustor. First is the development of a tunable pulse 
combustor that can force resonant oscillations in the incinerator chamber. The second approach is 
to develop a high amplitude, low frequency pulse combustor that can generate bulk mode type 
pulsating flow in the incinerator chamber. Two tunable pulse combustors have been developed for 
testing; one is mechanically tuned, the other is a novel, electronically tuned pulse combustor 
designed be used in conjunction with a previously developed fuel modulation system. While both 
systems show some promise for use in the sludge incinerator, they currently have shortcomings, 
such as their inability to operate on liquid fuels. A single frequency, aerodynamically valved, oil 
burning pulse combustor was also constructed. While this burner burns liquid fuel and produces 
high amplitude pulsations, it is not tunable, and therefore, oscillations forced in the incinerator are 
not resonant. Improvement and testing of these systems will be continued under this project. Also, 
tests have been performed to show that the two-phase atomizer currently used to spray sludge 
into the incinerator chamber may be replaced by injecting a stream of sludge into the exhaust of 
the pulse combustor for atomization. 



Introduction 

The objective of this program is to investigate the feasibility and benefits of a novel 
shipboard sludge incinerator using pulsating combustion technology. Shipboard sludge 
incinerators are currently being used by the Navy to incinerate black water consisting of five 
percent organic matter and ninety five percent water. In the future, the percentage of water in the 
sludge will be reduced by use of membranes, and oils will be added to the remaining sludge prior 
to its incineration. The Navy plans to incinerate this sludge in a modified version of its current 
shipboard sludge incinerator, see Fig. 1, and is seeking technologies that will increase the 
throughput of its sludge incinerators while minimizing emissions of hazardous pollutants. Recent 
studies have indicated that this could be accomplished by actively controlling the incineration 
process with acoustic excitation1'2. This study will investigate the feasibility and performance of a 
actively controlled, pulsating sludge incinerator that aims to simplify current shipboard incinerator 
design, increase its maximum sludge throughput, reduce emissions and lower fuel consumption. 

It has been demonstrated that the presence of acoustic oscillations and flow pulsations can 
increase the rates of transport processes. Patera et. al.,3'4 for example, have shown that mixing 
and heat transfer rates of laminar flow in a channel can be considerably increased by destabilizing 
the shear layer using flow oscillations at properly chosen frequencies. There has been considerable 
evidence that mass5 and heat6*7'8 transfer rates are increased by acoustic oscillations. While the 
mechanisms responsible for these increases are not entirely understood, evidence6'9 suggests that 
the increased transport rates are due to the excitation of turbulence and vortical structures by the 
acoustic oscillations. Vermeulen et al.10 showed that flow oscillations reduce flow stratification 
and improve mixing, which can result in the elimination of localized pockets of high temperature 
gas, or "hot spots", in a combustor. Rapid mixing is critical in liquid waste incinerators because 
evaporating droplets of waste generate fuel rich regions in the incinerator, which can result in the 
emission of soot, CO, and unburned hydrocarbons if proper mixing and combustion do not occur 
rapidly. Also, "hot spots" may be the cause of increased thermal nitrogen oxide production by the 
Zeldovich mechanism. 

Several investigations of pulse combustors suggest that when combustion occurs in an 
oscillatory flow field, the combustion time is reduced and combustion efficiencies are increased 
with respect to combustion in a steady flow field. Lyman11 for example, showed that pulsations 
increased the burning rates of individual coal particles, and Zinn et al.12 found that unpulverized 
coal nuggets can be burned in a Rijke type pulse combustor with high combustion efficiency while 
utilizing little excess air. Bai13 showed that heavy fuel oils, which are generally difficult to burn, 
can be burned with high combustion efficiencies in a pulse combustor specifically designed for this 
purpose. 

The interaction between a stream of sludge and the large amplitude velocity oscillations in 
the exhaust flow of a pulse combustor will be used to atomize the sludge and produce a spray that 
will readily evaporate and burn. Since the sludge will be atomized by the pulsating stream of hot 
combustion products, evaporation of the generated droplets and combustion of their organic 
constituents will start simultaneously with their atomization. The exhaust flow of the pulse 
combustor will entrain the generated droplets and set them into a swirling motion within the 
incinerator volume, thus increasing their dispersion and residence time within the incinerator. The 



use of the pulse combustor to atomize the sludge will eliminate the need for a separate two-fluid 
atomizer that is currently used to atomize the sludge. A similar approach has been successfully 
used by Bepex14 to spray dry various foods and pharmaceuticals. In the Bepex pulse dryer, the 
sludge is injected directly into the exhaust flow of a pulse combustor where it is atomized, heated 
and partially vaporized. The resulting mixture of gases, droplets and partially dried particles is 
transported into a large dryer volume, where the drying process is completed in a pulsating 
environment. The dried material is separated from the flow and collected in the exhaust system. A 
sludge incinerator is similar to a spray dryer, except that enough energy must be added to the 
sludge to not only dry it, but to ignite and burn its combustible content. 

Progress 

Efforts in the first year of this project have been primarily directed toward developing a 
pulse combustor capable of exciting large amplitude velocity oscillations in the shipboard sludge 
incinerator under typical operating conditions. In order to excite the first transverse resonant 
acoustic mode in the incinerator, calculations predict that the combustor must be able to pulse at 
approximately 650Hz. Higher frequencies are required to excite higher acoustic modes and 
combined longitudinal and transverse modes. Currently existing pulse combustors typically 
operate below 500Hz. One technique, then, for exciting high amplitude velocity oscillations in the 
incinerator is to develop a tunable pulse combustor that can be tuned to one of these high 
frequencies while providing the heating rates necessary for sludge incineration. Another technique 
is to "drive large amplitude velocity oscillations below the fundamental frequency with enough 
force to generate a bulk mode pulsating type flow. In this reporting period, both of these 
approaches have been investigated, and the results are discussed below. Also, some research has 
been performed to determine whether the oscillatory flow at the exit of a pulse combustor can be 
used as an atomizer for the waste in a liquid incinerator. The results of these tests are also 
discussed below. 

Development of a Tunable Pulse Combustor 
Three operational approaches were considered in the development of the pulse combustor: 

mechanically tunable, electronically controlled, and a combination of electronic and mechanical 
tuning. To ensure that a usable combustor would be developed, both mechanically tuned and 
electronically controlled approaches were simultaneously followed. Currently, natural gas fired 
combustors are being tested. 

Testing with a previously constructed, mechanically tuned pulse combustor with a power 
rating of 0.6 MMBtu/hr indicated that the maximum pulsing frequency of this combustor was 
approximately 430Hz. Sivasigaram and Whitelaw15 have suggested that the maximum pulsing 
frequency of a flame holder-type combustor is dependent on the diameter of the combustor. Using 
Sivasigaram and Whitelaw's empirical relations, a mechanically tunable pulse combustor was 
developed with a smaller diameter, and a corresponding reduction in capacity. Schematics of the 
small, mechanically tunable pulse combustor and the model incinerator with the combustor 
attached are presented in Fig. 2. This newly developed pulse combustor has been shown to 



operate at up to 950Hz, which is well above the minimum frequency required to drive resonant 
acoustic oscillations in the chamber of the shipboard sludge incinerator. Unfortunately, the power 
capacity was reduced to 170 MBTU/hr, which is much lower than the IMMBtu/hr power of the 
stead oil burner used with the current generation sludge incineration system. In order to make use 
of such a combustor, it would either have to be used in conjunction with a steady state burner that 
provided the balance of the necessary heat input to the incinerator, or multiple pulse combustors 
would need to be used. A graph of the pressure oscillation amplitude excited in the incinerator 
chamber for various flame holder positions in the combustor is shown in Fig. 3. The figure shows 
that even operating at a low heat output, the burner can excite resonant oscillations on the order 
of 155dB in the chamber. Figure 4 shows how the pressure amplitude of the second 
longitudinal/first tangential combined resonant mode varies with the heat output of the combustor. 
As expected, the acoustic amplitude increases with combustor power, but the functional 
relationship is not currently understood. 

A novel pulse combustor that can be used in conjunction with a previously developed fuel 
actuator system was designed and constructed. This burner is referred to as the Pulsed Flame 
Tube Driver (PFTD). The concept of the PFTD is that a compact combustor mounted to the wall 
of the incinerator chamber would, in the absence of forced fuel modulation, couple acoustically to 
pressure oscillations in the chamber, and the resulting feedback loop would cause the system to 
resonate. A schematic of the PFTD configured without the actuator is shown in Fig. 5. The fuel 
injector actuator, together with appropriate control software, provides a secondary stream of 
modulated fuel to the combustor at frequencies and phases determined in real-time from sensor 
measurements so that the mode and amplitude of the oscillations can be selected by the operator. 
The configuration of the PFTD with the secondary fuel injector and the actuator present is shown 

in Fig. 6. 

The performance of the PFTD without secondary fuel modulation was tested in two 
configurations. In the first configuration, shown in Fig. 7A the PTFD was mounted on the side of 
the incinerator chamber in a position similar to the mounting of the current steady burner used on 
the shipboard incinerator. It was expected that in this position, coupling would be achieved with 
either a transverse mode of the chamber or with a three-dimensional combination of a longitudinal 
mode with a transverse mode. The natural gas supply rate was varied from 50 to 350 MBtu/hr, 
the flame-holder location varied over it's full range, and the equivalence ratio was varied from 1 
to lean blow-off. Under no conditions was the burner spontaneously unstable, which means that 
the expected feedback loop did not occur. 

In the second configuration tested, shown in Fig. 7B, the PFTD was mounted on the 
upstream end of the incinerator chamber, coaxially. In this configuration, if coupling were to 
occur, it was expected to be with a longitudinal mode of the chamber, since the frequencies of the 
radial'modes are quite high, and the radially symmetric geometry does not favor the excitation of 
transverse modes. If the PFTD coupled with a longitudinal mode, this would lead us to suspect 
that there was some geometrical difficulty coupling with the tangential modes. The same range of 
parameters from the previous configuration was tested. In this configuration, when the heat input 
was greater than 300 MBtu/hr, the equivalence ratio less than 0.8, and the flame-holder was 
pulled back to give very high velocities, the system pulsed at 1270Hz at low amplitude (135dB). 
This frequency corresponds to a quarter wave oscillation in the PFTD itself, and is approximately 
the same as the seventh longitudinal mode of the chamber. While this oscillation does show 



coupling in the system, it is not behaving as designed, but instead as a single frequency device. It 
is believed that the reason this mode was not seen in the previous configuration is that the 
frequency did not correspond to any mode that could be driven in the tank from where the burner 
was located. 

The actuator was added to the PFTD to provide fuel modulation without the necessity of 
natural feedback. In order to separate the effects of the modulated fuel flow supplied by the 
actuator from the effects of pressure feedback on the air and primary fuel lines, the air and 
primary fuel inlets were choked for tests involving the actuated PFTD. When the actuated PFTD 
was mounted to the side of the incinerator chamber, configuration A, the fundamental longitudinal 
mode could be excited at low amplitude. No higher frequencies or transverse modes could be 
excited. 

Possible explanations for the inability of the PFTD to provide significant acoustic driving 
in the above described test are: 

1) the oscillatory flame does not couple with the pressure oscillations in the model incinerator 

2) inability to produce an oscillating flame due to: 

a) the fuel injector actuator not providing and oscillatory fuel flow rate, or 

b) fuel flow rate oscillations are being fluid mechanically dissipated, or smeared out, 
before entering the combustion zone 

In order to address item 1, analytical as well as experimental studies are being performed 
in an attempt to determine whether there is any acoustic reason that a compact oscillatory flame 
would not be able to drive a relatively large volume cavity. In order to determine whether the 
PFTD is capable of coupling with a resonator more typical of common pulse combustors, the 
burner was mounted to several 4 in. IPS pipes, 65 in., 51 in., and 18 in. long. When attached to 
these pipe sections, oscillations occurred over a large range of fuel flow rates, equivalence rations, 
and flame holder positions. These oscillations were at approximately 82Hz, 100Hz., and 250Hz, 
respectively, which corresponds to quarter wave, organ pipe oscillations in the PTFD/pipe 
combinations. In each case, the amplitude of oscillation was approximately 170dB in the PFTD. A 
graph showing the autospecta of the pressure measured inside the PFTD when it was attached to 
the 51 in. pipe for several tests is presented in Fig. 8. The PFTD concept has been proven by these 
tests to work in relatively small diameter pipes. It has been demonstrated that if the PFTD is 
located, at the end of a resonating tube, it can drive high amplitude oscillations within the 
resonator. The driver and the resonating tube (essentially a pulse combustor) can then be coupled 
to a larger chamber, and oscillations are driven in the chamber at a lower amplitude than that in 
the PFTD resonator. The intention of the PFTD was, however, to do away with the resonating 
pipe and use the chamber itself as the resonator. Tests using speakers mounted on resonating 
tubes and directly to the wall of the model incinerator have shown that using a resonator allows 
higher amplitudes to be driven using the same input power to the speaker. It is hoped that the 
analytical and numerical investigations will provide some insights into the physics of this problem. 



To investigate the second item above, tests were performed with the actuated PFTD 
mounted on an 18 in. long, 4 in. IPS pipe section. The PFTD primary fuel and air inlets were 
choked to prevent a natural instability. In the original design configuration of the fuel injector, 
when 80% of the fuel was supplied through the primary fuel inlet and 20% of the fuel flow was 
modulated through the secondary fuel inlet, and the average equivalence ratio varied from 1 to 
lean blow-off, no significant oscillations were measured at any frequency. The conditions were 
then modified so that all the fuel was injected through the secondary injector, and the amplitude of 
modulation was 60% of the total fuel flow rate. The average equivalence ratio was set to 0.75, so 
that the instantaneous equivalence ratio varied from 0.3 to 1.2. With this extremely large fuel 
modulation, an oscillation could be driven a 250 Hz., the quarter wave mode, with a measured 
amplitude of 150 dB. in the PFTD. This is an order of magnitude less than could be achieved 
without the actuator (by a spontaneous instability) when the air and primary fuel lines were not 
choked. 

Because the unchoked PFTD can be spontaneously unstable in this configuration, the lack 
of pulsations was apparently not due to an inability of the combustion process to couple with the 
acoustic oscillations. The results of these tests did not show, however, whether the inability to 
drive oscillations was due to mixing of the secondary fuel oscillations before reacting or the 
inability of the actuator to provide a modulated fuel flow rate. To resolve this question, hot-wire 
anemometry was used to measure the flow rate of air modulated by the fuel injector actuator. This 
test showed that fuel injector actuator was performing as expected, and that the modulation 
amplitude was practically independent of frequency from 20 Hz. to over 1000 Hz. Therefore, the 
inability to drive oscillations in this configuration must be due to the smearing out of the 
secondary fuel oscillations before reaching the flame zone. 

To test this conclusion, the secondary fuel injector was extended 1.5 in. downstream, so 
that the modulated fuel flow rate was injected closer to the flame zone. In addition, a detection 
system was added to measure the CH chemilumenescence of the flame, so that the reaction rate 
could be correlated with the displacement of the fuel actuator. The phase between the actuator 
displacement and the radiation gives an indication of the time delay between the fuel injection and 
the consumption of the injected fuel by the flame. Using the modified fuel injector and closed-loop 
active control, an oscillation with an amplitude of 164 dB. at 265 Hz. could be excited in the 
PFTD. The acoustic pressure spectrum measured using closed loop control is shown in Fig. 9. In 
this study, 25% of the fuel was introduced through the secondary fuel injector actuator, but only a 
40% modulation amplitude was used (in other words, the modulation amplitude was 
approximately 10% of the total fuel flow rate). While this represents a factor of 5 increase over 
the pressure amplitude achieved with the previous fuel injector, it is still rather low. The flame 
would not stay ignited at higher modulation amplitudes. 

It has been demonstrated that the use of secondary fuel injection at off-resonant 
frequencies can drive low amplitude oscillations at the injection frequency. Figure 10 shows the 
frequency spectrum of the acoustic pressure in the PFTD, attached to an 18" long pipe, with 
secondary fuel addition occurring at 220 Hz. The frequency corresponding to a quarter wave 
mode is approximately 300 Hz. in this case. The pressure amplitude excited by the fuel 
modulation in this example is 150dB. The radiation measurements show that oscillatory 
combustion is occurring at the fuel modulation frequency. This suggests that the sound is not 
simply being generated by the flow through the secondary fuel injector, as if it were a siren, but is 



actually being driven by the oscillatory combustion process. Phase measurements between the 
actuator displacement and the radiation show that, even with the increased injector length, the 
time delay between when the fuel is injected and when it is reacted is relatively large, indicating 
that item 2b above is at least partially to blame for the weak driving. Therefore, the injector will 
again be extended, so that the secondary fuel can be delivered as close as possible to the reaction 
zone. It has also been observed that the relationship between the phase delay and the frequency is 
not linear. This means that the phase between the secondary fuel injection and the reaction of the 
secondary fuel is not purely based on a convection time delay. This phenomenon is being 
investigated further. 

In summary, modification of the secondary fuel injector actuator used with the PFTD and 
the secondary fuel actuator has resulted in a 5X increase in the acoustic pressure amplitude that 
can be excited in a resonating tube, and testing has provided insight as to why this increase 
occurred. An attempt to increase the current amplitude of 164 dB through further modifications is 
underway. If the modifications result in a further increase in performance, the primary fuel and air 
lines will be unchoked, and the closed-loop control system will be used to enhance the natural 
instability of the PFTD, and to attach the system to the model incinerator to determine whether 
the modified PFTD is capable of driving high amplitude oscillations in the incinerator chamber 
without he use of a secondary resonating tube. 

Development of a Low Frequency Pulse Combustor 
The second approach taken to providing large amplitude velocity oscillations in the 

shipboard incinerator was the use of a low frequency pulse combustor to force bulk type 
pulsations in the chamber. To provide this driving, research has been directed toward developing 
an oil burning pulse combustor suitable for application on a shipboard incinerator that is 
independent of the fuel actuator and the PFTD. 

A single frequency, aerodynamically valved, oil burning pulse combustor has been 
constructed. An illustration of the burner section is shown in Fig. 11. A resonating tailpipe must 
be attached to the exhaust port to support the pulsations.. The prototype is capable of burning 
750 MBtu/hr of kerosene type fuel oils, such as JP5. With minor design changes, a burner that can 
operate at over 1 MMBtu/hr can be readily constructed. As presently configured, the combustor 
operates at 80 Hz, and when burning 650 MBtu/hr, has an acoustic pressure amplitude of 1.5 PSI 
RMS, or 174 dB. Testing to determine the operating characteristic of this combustor are currently 
underway so that flame safety systems, startup and shutdown control systems, and an air- 
cooling/secondary air preheating system can be developed. 

The main question to be addressed with this type of combustor is how it will affect the 
processes occurring in the incinerator. Since this combustor operates at a fixed frequency, a 
resonance condition will not be established in the incinerator chamber, because the frequency of 
the pulse combustor is low compared to the resonance frequencies of the incinerator. It is 
expected, however, that the incinerator will experience a bulk mode type of pulsations. Testing 
during the next reporting period will determine the amplitudes of the pressure and velocity 
fluctuations that can be established in the model incinerator. An investigation will also be initiated 
to determine the effect such pulsations upon incineration processes. 



Atomization Using A Pulse Combustor 

It is believed that injection of the sludge into the hot, oscillating flow of the pulse 
combustor exhaust will provide high quality atomization of the sludge, so that the currently used, 
two-fluid atomizer will no longer be necessary. The second advantage of using the pulse 
combustor to atomize the sludge is that, since the sludge is delivered directly into the hot, 
oscillating exhaust gas, extremely rapid heat transfer will take place between the gas and liquid 
phase. 

To test the ability of pulse combustor exhaust to atomize a stream of liquid, the small 
mechanically tunable pulse combustor developed earlier in this program was fitted with two 
removable liquid injectors near the end of the tailpipe, one radial and one coaxial with the exhaust 
gas flow. This combustor was chosen for these tests because it can easily be operated at the same 
fuel and air input rates with and without pulsations, simply by varying the flame holder and nozzle 
locations. A schematic of the atomization setup is shown in Fig. 12. In order to determine the 
effect of the pulsations on atomization, tests were performed with the combustor operating at 150 
MBtu/hr with and without pulsations for various flow rates of water through the injectors. When 
pulsations were present, the pulse combustor was operated at about 600Hz and at an acoustic 
amplitude of 170dB at the flame holder. The tests were photographed digitally, and downloaded 
to a computer for processing. An average image was generated from 8 instantaneous images for 
each flow condition, and then the spreading angles of the generated sprays were measured from 
the images to give an indication of atomization efficiency. Figure 13 shows example images of the 
radially directed injection with and without pulsations, and Fig. 14 shows examples of the 
coaxially injected spray, with measurements used in the spreading angle calculations shown. It is 
clear from these pictures that the spreading rate of the spray is greatly increased by the presence 
of pulsations in the exhaust flow. The measured spreading angles for different water injection 
rates with and without pulsations present are shown in Fig. 15. The percentage change in 
spreading angle is also shown. While an increase in spreading angle does not directly correlate to 
faster heat exchange between the spray and the hot exhaust gas, it is logical that in order to 
disperse in a shorter distance the spray must be entraining more of the hot gases. Much more 
detailed work can be performed on this subject, such as droplet size comparisons, in the future, if 
interest exists. 

Summary and Conclusions 

The objective of this program is to investigate the feasibility and benefits of a novel 
shipboard sludge incinerator using pulsating combustion technology. The Navy is seeking 
technologies that will increase the throughput of its sludge incinerators while minimizing 
emissions of hazardous pollutants. This project is part of a Navy sponsored program with the goal 
of developing a actively controlled, pulsating sludge incinerator that aims to simplify current 
shipboard incinerator design, increase its maximum sludge throughput, reduce emissions and 
lower fuel consumption. 



The first year of this project has been primarily directed toward developing a pulse 
combustor capable of exciting large amplitude velocity oscillations in the shipboard sludge 
incinerator. Two approaches have been taken toward this goal. First is the development of a 
tunable pulse combustor that can be tuned to excite resonant oscillations in the incinerator 
chamber. The second approach is to develop a high amplitude, low frequency pulse combustor 
that can be used to generate a non-acoustic, bulk mode type pulsating flow in the incinerator 
chamber. 

Two separate techniques have been used in the development of a tunable pulse combustor. 
In order to show that technology exists to create a mechanically tuned pulse combustor for this 
application, a natural gas fired, mechanically tuned pulse combustor was constructed. The 
combustor provides a strong sound source and is capable of operating in the frequency range of 
the incinerator chamber; however, a number of problems are associated with this design. First, it 
does not operate on liquid fuels. For a number of reasons, no simple solution to this problem 
exists. Second, in order to achieve the high frequencies necessary to excite resonant acoustic 
oscillations in the incinerator chamber, the mechanically tunable pulse combustor is limited to 
200MBtu/hr power. Third, the mechanical tuning makes control somewhat difficult in this type of 
combustors. 

A novel pulse combustor that can be used in conjunction with a previously developed fuel 
actuator system was designed and constructed. It's concept is that a compact combustor mounted 
to the wall of the incinerator chamber would, in the absence of forced fuel modulation, couple 
acoustically to pressure oscillations in the chamber, and the resulting feedback loop would cause 
the system to resonate. The fuel injector actuator, together with appropriate control software, 
provides a secondary stream of modulated fuel to the combustor at frequencies and phases 
determined in real-time from sensor measurements so that the mode and amplitude of the 
oscillations can be selected by the operator. While some of the basic mechanisms of this 
combustor have been demonstrated, the overall performance of this combustor is currently 
inadequate, and much effort has been expended to understand its operation. Research into 
improving this combustor is underway. Also, this combustor must be modified to operate on 
liquid fuels. 

The second approach taken to providing large amplitude velocity oscillations in the 
shipboard incinerator was the use of a low frequency pulse combustor to force bulk type 
pulsations in the chamber. During the period of this report, a single frequency, aerodynamically 
valved, oil burning pulse combustor has been constructed. The prototype is capable of burning 
750 MBtu/hr of kerosene type fuel oils, such as JP5. With minor design changes, a burner that can 
operate at over 1 MMBtu/hr can be readily constructed. As presently configured, the combustor 
operates at 80 Hz, and when burning 650 MBtu/hr, has an acoustic pressure amplitude of 1.5 PSI 
RMS, or 174 dB. Testing to determine the operating characteristic of this combustor are currently 
underway. Still to be determined with this type of combustor is how it will affect the processes 
occurring in the incinerator. 

The exhaust of a pulse combustor has been demonstrated to atomize a stream of water 
with a flow rate equal to that of the current sludge atomizer. The spreading angle of the generated 
spray was shown o be greater when pulsations were present than when the flow was steady. 
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Tasks for Fiscal Year 1998 

By 9/31/97- 

Equip oil burning pulse combustor with automatic start-up/shut-down controls and flame safety 
system. 

Determine sludge addition location that provides optimal atomization using the oil burning p/c. 

By 11/31/97- 

Implement combustor cooling and secondary air preheating system on the oil burning p/c. 

By 12/31/97- 

Optimize the controllable pulse combustor, which uses electronically modulated secondary fuel to 
generate pulsations, and determine whether this approach is practical for use in the shipboard 
sludge incinerator. 

By 1/31/98- 

Investigate how the incinerator chamber and the sludge injection affect the performance of the oil 
burning p/c, and modify the design and operation to improve performance if necessary. 

By 4/31/98- 

Determine the performance (maximum incineration rate, and efficiency) by varying sludge, fuel, 
and secondary air flow rates in the model incinerator using the oil burning p/c. 

If the performance of the gas-fired, optimized, controllable pulse combustor is satisfactory: 

Determine the effect of selected frequencies and amplitudes of excited oscillations upon the 
sludge incineration rate and incinerator emissions, and 

Begin development and testing of a liquid fueled controllable pulse combustor. 

By 7/31/98- 

Analyze collected data and demonstrate the incinerator's performance using one or a combination 
of the investigated control approaches. 
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Movable Flame Holder 

Mixing Chamber 
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Ignitor 

Figure 5. A schematic of the PFTD configured without the secondary fuel injector and 
actuator 
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Figure 6. A schematic of the PFTD configured with the secondary fuel injector and 
actuator installed 
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Figure 13. Combustor atomization of a radially injected 0.5 GPM water 
stream with and without pulsations 
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