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Disclaimer 
This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that is use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
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Abstract 
Throughout the seventh reporting period there was tremendous collaboration with Cooper 
Compression’s Ajax division in addition to acquiring the Ajax DP-115 engine. With the aid of 
Cooper Compression/Ajax, the research team determined that the most cost-effective method to 
test the emission reduction technologies was to test the Ajax at K-State’s National Gas 
Machinery Laboratory. Previous plans were to transport and test the engine at Ricardo near 
Chicago, IL. However, since Cooper Compression was willing to donate a substantial amount of 
testing equipment, the most cost-effective means of testing the emission control and reduction 
technologies was to do it locally. This slight change in plans will allow substantially more 
laboratory testing than was previously planned.  

Cooper Compression donated several key items to aid in testing the Ajax engine at the National 
Gas Machinery Laboratory. In addition, they identified several possible base upgrades to the 
engine. Furthermore, with the equipment donated by Cooper Compression a design scheme has 
been developed for a test engine cell to allow extensive testing of the Ajax DP-115. 
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Introduction 
The objective of this project is to identify, develop, test, and commercialize emissions control 
and monitoring technologies that can be implemented by exploration and production (E&P) 
operators to significantly lower their cost of environmental compliance and expedite project 
permitting. The project team will take considerable advantage of the emissions control research 
and development efforts and practices that have been underway in the gas pipeline industry for 
the last 12 years. These efforts and practices are expected to closely interface with the E&P 
industry to develop cost-effective options that apply to widely-used field and gathering engines, 
and which can be readily commercialized. 

The project is separated into two phases. Phase 1 work establishes an E&P industry liaison 
group, develops a frequency distribution of installed E&P field engines, and identifies and 
assesses commercially available and emerging engine emissions control and monitoring 
technologies. Current and expected E&P engine emissions and monitoring requirements will be 
reviewed, and priority technologies will be identified for further development. The identified 
promising technologies will be tested on a laboratory engine to confirm their generic viability. In 
addition, during Phase 2 a full-scale field test of prototype emissions controls will be conducted 
on at least ten representative field engine models with challenging emissions profiles. Emissions 
monitoring systems that are integrated with existing controls packages will be developed. 
Technology transfer/commercialization is expected to be implemented through compressor fleet 
leasing operators, engine component suppliers, the industry liaison group, and the Petroleum 
Technology Transfer Council. 

Research Progress 
The primary effort during this reporting period was to identify readily available emission 
reduction technologies for the Ajax series two-stoke cycle engines. To accomplish this goal, an 
Ajax DP-115 engine was acquired. Figure 1 shows the Ajax DP-115 that will be used to 
complete Task 5.0 of this project. Due to the donations from Cooper Compression the research 
team determined that it was more cost-effective to install the engine at K-State’s National Gas 

Machinery Laboratory (NGML) and 
conduct a battery of tests on-site rather 
than transport the engine to Ricardo, Inc., 
for a two-week period of tests. The 
Ricardo tests would have cost $100,000 
for ten days of tests. In comparison, 
setting the engine at K-State will cost 
$65,000 and several weeks of tests will 
be conducted for the remaining $35,000. 
These additional tests will determine 
significantly more information on how 
these emission reduction technologies 
will impact the emissions from the Ajax 
family of engines. Having the Ajax 
engine at the NGML provides flexibility 
to perform many different types of tests. 

Figure 1: Ajax DP-115 at Cooper Compression 
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Ajax Engine 
The Ajax DP-115 was acquired from and overhauled by L&L Engines in Oklahoma City. In 
collaboration with Cooper Compression the engine was then delivered to the Ajax facility in 
Oklahoma City for evaluation. Upon arrival, Cooper Compression engineers evaluated the 
condition of the engine for possible base technology upgrades. These engineers decided to 
change the existing cylinder head and adapt one in which the cylinder pressure can be measured. 
In the process of changing the cylinder head they recommended that the piston and rings also be 
replaced. Upon the removal of the piston it was revealed that the cylinder walls were scored 
beyond repair; therefore it was decided to replace the cylinder. 

Currently, the engine is awaiting a new ignition system that was donated by Altronics and a new 
clutch that will be installed. Furthermore, it was decided to perform an initial test with the 
existing oil bath air filter and intake manifold, followed by a second test where the intake 
manifold and air filter are changed to a more current production model. 

Several items and key components have been donated by Cooper Compression and other 
industrial partners to this project to ensure a stable and robust battery of tests. Table 1 lists these 
items. Full documentation from each company is being gathered for cost share purposes. 

Table 1: Industry Contributions to the Engine System. 
Company Contribution 
Cooper Compression/Ajax Midwest Dynamometer 

 

Dynamometer Controls 
          DyneSystem Controller 
          Altronic Annunciator 
          Murphy and Altronic Tachometer 
          Altronic Pressure Switch 
          Altronic Temperature Switch 
          Transformers 

 

Dynamometer Heat Exchanger with 
          Pumps 
          Check Valve 
          Control Valve 

 Engine Oil Cutoff Switch 
 Gas Regulator 
 Vibration Sensors 
 Engine Base Rails 
 Piston and Rings 
Diesel Supply Pre-combustion Chambers 
Advanced Engine Technologies Corp. Optical Pressure Sensors 
Progressive Equipment Incorporated Premier Lubricator Assembly 
Exline, Inc. Transportation Services  
Altronic, Inc. Ignition System 
TSI, Inc. Gas Emissions Analyzer 
 



Cost-Effective Engine Emissions Control  DE-FC26-02NT15464 

 3

Engine Foundation 
The facilities department at Kansas State University designed an engine foundation with the base 
rails that Cooper Compression donated. The engine base rails enable for precise engine 
installation and ease of alignment between the engine and dynamometer. The engine base is 
capable of testing engines ranging from 100 to 1,000 bhp and 100 to 2,600 ft-lbs of torque. 
Currently, the foundation is under development, and progress as of this report is shown in Figure 
2. 

Control Center 
An area has been designated in the NGML building for an engine control center. This area will 
house all the controls and power for the engine as well as the data acquisition system. The 
acquisition system will acquire a multitude of data; and will include a start up and shut down 
procedure. This system will include an emergency control procedure to shut down the engine. 

For each test on the Ajax engine, the following was considered: air temperature, barometric 
pressure, humidity, air/fuel ratio, cylinder pressure per crank angle, peak pressure, engine 
temperature, inlet temperature, exhaust temperature, engine coolant temperature inlet and outlet, 
fuel manifold pressure, engine speed, load, exhaust and cylinder head temperatures, in-cylinder 
ion sensors, air flow and fuel flow rate. In regards to the emissions, there will be an analyzer that 
directly writes all emissions data to a database. 

Review of NOx Reduction Techniques 
A review of NOX reduction techniques is still being conducted and has shown some promising 
results. As discussed in previous reports, one main technique is to lower the combustion 
temperature that then lowers the formation of thermal NOX. This can be achieved by the use of a 
pre-combustion chamber and a lean mixture in the main combustion chamber. Several studies 
have shown, however, that with the use of a pre-combustion chamber the majority of NOX 
formation comes from the pre-combustion chamber. This could be a result of poor heat transfer 
in the pre-combustion chamber, an incorrect use of the spark plug, or, more likely, a relatively 
high air-to-fuel ratio in the pre-combustion chamber. One technique that will be considered is to 

increase the heat transfer by increasing 
the cooling flow rate in the pre-
combustion chamber. A second 
technique is to use a different spark 
plug that transfers the heat faster 
through itself and also possibly reduces 
the hot spots within the pre-combustion 
chamber. 

An additional method in the reduction 
of NOX is to use two pre-combustion 
chambers in a staging configuration. 
The first pre-combustion chamber will 
be installed as the first stage of 
combustion. It will have a small volume 
of gas that can be slightly lean of 
stoichiometric. This first stage will be 

 

Figure 2: Engine Foundation. 
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ignited by a spark plug. The second pre-combustion chamber will have a lean mixture with a 
slightly larger volume. This will increase the volume surface ratio and thereby reduce the heat 
transfer. The second stage will be ignited by the first stage and the second stage will ignite the 
main combustion chamber. The overall effect of staging is expected to reduce NOX formation in 
the pre-combustion chambers and reduce overall NOX emissions from the engine. There are 
several parameters that can be considered when using a staged pre-combustion chamber 
technique. In the first stage, the mixture can be lean or stoichiometric and there can be exhaust 
gases within both stages. 

Future Work 
In the next quarter, the installation of the test engine foundation and preliminary testing of the 
DP-115 will be conducted. In addition to the installation of the engine, the gas piping and 
electrical work will be done. The data acquisition system will be built and installed. 

The project team plans to meet in early December in at Ajax in Oklahoma City to finalize the 
technology and market gaps that are the subject of Task 4. This task will use the emissions 
control approaches identified in Task 3.0 to determine the practical targets for the magnitude of 
emissions reduction in E&P engines. Once the reduction magnitudes are determined, each will 
be ranked by how applicable it is to the specific inventory of field engines, its expected cost of 
implementation, and the overall emissions reduction that can be reasonably anticipated from 
further development and commercialization of the technology. 

The second portion of this task will compare the expected emissions reduction performance to 
the current and expected emissions permitting requirements facing the E&P industry. Doing so 
will identify the high-impact control technologies that are expected to be widely utilized by the 
E&P industry, and which should be targeted either for immediate testing, or require more 
fundamental component development.  

Expectations are that this work will center on three major areas: 1) engine controls; 2) ignition 
systems; and 3) exhaust gas treatment options. 

Conclusions 
Collaboration between the NGML and Cooper Compression enabled a significantly more 
aggressive test plan that what was originally proposed. With Cooper Compression’s 
collaboration and substantial cost sharing of this project, the Ajax engine will now be tested at 
K-State with an expanded test plan. In addition Cooper Compression has aided the team with 
identifying potential problems with the engine and has helped to mitigate those problems in 
addition to the discussion of potential base line upgrades.  

With the engine being tested at K-State, the research team will have considerable more flexibility 
in performing many different types of tests at very minimal cost. These tests will provide more 
information on how the tested emission reduction technologies benefit the Ajax family of 
engines. 


