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Introduction

The 2017 U.S. Department of Energy (DOE) Hydrogen and Fuel Cells Program and Vehicle Technologies Office
(VTO) Annual Merit Review and Peer Evaluation Meeting (AMR) was held June 5-9, 2017, in Washington, DC.
The review encompassed work done by the Hydrogen and Fuel Cells Program and VTO: 263 individual activities
were reviewed for VTO by 191 reviewers. Exactly 1,241 individual review responses were received for the VTO
technical reviews.

The objective of the meeting was to review the accomplishments and plans for VTO over the previous 12
months, and provide an opportunity for industry, government, and academia to give inputs to DOE with a
structured and formal methodology. The meeting also provided attendees with a forum for interaction and
technology information transfer.

The peer review process followed the guidelines of the Peer Review Guide developed by the Office of Energy
Efficiency and Renewable Energy (EERE). Each activity is reviewed every three years, at a minimum.
However, VTO strives to have every activity reviewed every other year. The reviewers for the technical
sessions were drawn from a wide variety of backgrounds, including current and former vehicle industry
members, academia, government, and other expertise areas. Each reviewer was screened for conflicts of
interest as prescribed by the Peer Review Guide. A complete list of the meeting participants is presented as
Appendix A.

Evaluation Criteria—Research & Development Subprogram Projects

In the technical research and development (R&D) subprogram sessions, reviewers were asked to respond to a
series of specific questions regarding the breadth, depth, and appropriateness of the VTO R&D activities. The
technical questions are listed below, along with appropriate scoring metrics. These questions were used for all
formal VTO R&D project reviews.

Question 1. Approach to performing the work—the degree to which technical barriers are
addressed, the project is well-designed, feasible, and integrated with other efforts. (Scoring
weight for overall average = 20%)

e 4.0=Outstanding (sharply focused on critical barriers; difficult to improve approach significantly)

3.5=Excellent (effective; contributes to overcoming most barriers)

o 3.0=Good (generally effective but could be improved; contributes to overcoming some barriers)
e 2.5=Satisfactory (has some weaknesses; contributes to overcoming some barriers)

e 2.0=Fair (has significant weaknesses; may have some impact on overcoming barriers)

e 1.5=Poor (minimally responsive to project objectives; unlikely to contribute to overcoming the
barriers)

e 1.0=Unsatisfactory (not responsive to project objectives; unlikely to contribute to overcoming the
barriers).

Introduction 1



Question 2. Technical accomplishments and progress toward overall project and DOE goals—the
degree to which progress has been made, measured against performance indicators and
demonstrated progress toward DOE goals. (Scoring weight for overall average = 40%)

4.0=Outstanding (sharply focused on critical barriers; difficult to improve significantly)
3.5=Excellent (effective; contributes to overcoming most barriers)

3.0=Good (generally effective but could be improved; contributes to overcoming some barriers)
2.5=Satisfactory (has some weaknesses; contributes to overcoming some barriers)

2.0=Fair (has significant weaknesses; may have some impact on overcoming barriers)

1.5=Poor (minimally responsive to project objectives; unlikely to contribute to overcoming the
barriers)

1.0=Unsatisfactory (not responsive to project objectives; unlikely to contribute to overcoming the
barriers).

Question 3. Collaboration and coordination with other institutions. (Scoring weight for overall
average = 10%)

4.0=Outstanding (close, appropriate collaboration with other institutions; partners are full
participants and well-coordinated)

3.5=Excellent (good collaboration; partners participate and are well-coordinated)
3.0=Good (collaboration exists; partners are fairly well-coordinated)

2.5=Satisfactory (some collaboration exists; coordination between partners could be significantly
improved)

2.0=Fair (a little collaboration exists; coordination between partners could be significantly
improved)

1.5=Poor (most work is done at the sponsoring organization with little outside collaboration; little
or no apparent coordination with partners)

1.0=Unsatisfactory (no apparent coordination with partners).

Question 4. Proposed future research—the degree to which the project has effectively planned
its future work in a logical manner by incorporating appropriate decision points, considering
barriers to the realization of the proposed technology and, when sensible, mitigating risk by
providing alternate development pathways. Note: if the project has ended, please select N/A.
(Scoring weight for overall average = 10%)

4.0=Outstanding (sharply focused on critical barriers; difficult to improve significantly)
3.5=Excellent (effective; contributes to overcoming most barriers)

3.0=Good (generally effective but could be improved; contributes to overcoming some barriers)
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e 2.5=Satisfactory (has some weaknesses; contributes to overcoming some barriers)
e 2.0=Fair (has significant weaknesses; may have some impact on overcoming barriers)

e 1.5=Poor (minimally responsive to project objectives; unlikely to contribute to overcoming the
barriers)

e 1.0=Unsatisfactory (not responsive to project objectives; unlikely to contribute to overcoming the
barriers).

Question 5. Relevance—does this project support the overall DOE objectives of petroleum
displacement? (Scoring weight, not included with overall average = 20%)

e Yes
e No.

Question 6. Resources: How sufficient are the resources for the project to achieve the stated
milestones in a timely fashion?

e Excessive
e Sufficient
e Insufficient.
Evaluation Criteria—Technology Integration Projects

Reviewers for the Technology Integration (TI) technical session answered questions tailored to TI’s 2017
AMR focus on petroleum reduction technologies and practices, alternative fuels, infrastructure, and related
efforts. These technical questions are listed below, along with appropriate scoring metrics.

Question 1. Project objectives—the degree to which the project objectives support the DOE/VTO
objectives of reducing reliance on petroleum based fuels and reducing emissions. This includes
the impact the project has on addressing the technical barriers identified in the 2016-2020
EERE Strategic Plan. (Scoring weight for overall average = 20%)

e 4.0=Outstanding (project objectives are sharply focused on supporting DOE/VTO goals of reducing
reliance on petroleum based fuels and reducing emissions; project has a direct and substantial
impact upon addressing technical barriers; difficult to improve project objectives significantly)

e 3.5=Excellent (project objectives are effective; project addresses a significant number of technical
barriers; effectively contributes to reducing reliance on petroleum based fuels and reducing
emissions)

e 3.0=Good (project objectives are generally effective, but could be improved; project addresses some
technical barriers; contributes to reducing reliance on petroleum based fuels and reducing
emissions)

e 2.5=Satisfactory (project objectives have some weaknesses; project addresses some technical
barriers; project may have some impact contributing to reducing reliance on petroleum based fuels
and reducing emissions)
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2.0=Fair (project objectives have significant weaknesses; project addresses few barriers; project
may have a small impact contributing to reducing reliance on petroleum based fuels and reducing
emissions)

1.5=Poor (project objectives are minimally responsive to DOE/VTO objectives; project does not
address barriers; project is unlikely to contribute to reducing reliance on petroleum based fuels and
reducing emissions)

1.0=Unsatisfactory (project objectives are not responsive to DOE/VTO objectives; project fails to
address any barriers; project is highly unlikely to contribute to reducing reliance on petroleum based
fuels or reducing emissions).

Question 2. Project approach to supporting deployment of petroleum reduction technologies
and practices, alternative fuel vehicles, infrastructure, emissions reductions and related efforts—
the degree to which the project is well-designed, feasible, and integrated with other efforts.
(Scoring weight for overall average = 20%)

4.0=Outstanding (project approach is sharply focused on achieving project objectives; difficult to
improve project approach significantly)

3.5=Excellent (effective; project approach contributes to achieving the majority of project
objectives)

3.0-Good (generally effective but project approach could be improved; contributes to achieving
some of the project objectives)

2.5=Satisfactory (has some weaknesses; project approach contributes to achieving some project
objectives)

2.0=Fair (has significant weaknesses; project approach may have some impact on achieving project
objectives)

1.5=Poor (minimally responsive to project objectives; project approach is unlikely to contribute to
achieving project objectives)

1.0=Unsatisfactory (not responsive to project objectives; project approach is highly unlikely to
contribute to achieving project objectives).

Question 3. Project accomplishments and progress toward overall project and DOE goals—the
degree to which progress/significant accomplishments have been achieved, measured against
performance indicators and demonstrated progress toward project and DOE goals. (Scoring
weight for Project Accomplishments = 40%)

4.0=Outstanding (project demonstrates significant accomplishments; strong progress toward
achieving both project and DOE objectives; difficult to improve progress significantly)

3.5=Excellent (project demonstrates many accomplishments; very effective progress toward
achieving overall project objectives and DOE goals)

3.0=Good (project accomplishments are generally effective; progress is on schedule to contribute
to some project objectives and DOE goals)
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2.5=Satisfactory (project has some accomplishments, but also displays some weaknesses; progress
could be improved; contributes to some project objectives and DOE goals)

e 2.0=Fair (project has few accomplishments and demonstrates significant weaknesses; rate of
progress is slow; minimal contribution to project objectives or DOE goals)

e 1.5=Poor (minimal demonstration of accomplishments; progress is significantly behind schedule;
unlikely to contribute to project objectives or DOE goals)

e 1.0=Unsatisfactory (project demonstrates no accomplishments; limited or no demonstrated
progress; not responsive to project objectives).

Question 4. Collaboration and coordination among project team—the degree to which the
appropriate team members and partners are involved in the project work and the effectiveness
of the collaboration between and among partners. (Scoring weight for Collaboration and
Coordination = 10%)

e  4.0=Outstanding (sharply focused on collaboration among project team members; team is well-
suited to effectively carry out the work of the project and have strong working relationships; no
notable weaknesses)

e 3.5=Excellent (effective; team members meaningfully contribute to carrying out the work of the
project, are well-suited to perform the work and have excellent working relationships)

o 3.0=Good (generally effective but could be improved; collaboration exists; team members are fairly
well-suited to project work and have good working relationships)

e 2.5=Satisfactory (has some weaknesses; collaboration among team members is satisfactory for
carrying out the work of the project; project partnerships, team members and working relationships
could be improved)

e 2.0=Fair (has significant weaknesses; little collaboration exists and team could be improved)

e 1.5=Poor (minimally responsive; little collaboration exists and team lacks effective working
relationships)

e 1.0=Unsatisfactory (little or no apparent collaboration between team members; project team is
lacking critical expertise to effectively carry out the work of the project).

Question 5. Market Impact and sustainability—the degree to which the project has already
contributed, as well as the potential to contribute in the future, to a sustainable alternative fuel
vehicle market, alternative fuel market expansion, and reduced petroleum
dependence/emissions in the transportation sector. This would include the potential to reduce
barriers to large scale alternative fuel vehicle market penetration, making information about
alternative fuels and petroleum reduction opportunities widely available to target audiences,
and ability for the project to be replicated in other geographic areas or with other technologies.
(Scoring Weight for Market Impact=10%).

e  4.0=Outstanding (sharply focused on critical barriers and effective information products; clearly
contributes to alternative fuel vehicle market expansion and/or petroleum/greenhouse gas reduction;
difficult to improve significantly)
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e 3.5=Excellent (effective; contributes to overcoming most barriers and informing appropriate
audiences; contributes to alternative fuel vehicle market expansion and/or petroleum/greenhouse
gas reduction)

o 3.0=Good (generally effective in overcoming barriers and providing information; has the potential
to contribute to alternative fuel vehicle market expansion and/or petroleum/greenhouse gas
reduction)

e 2.5=Satisfactory (has some weaknesses; may contribute to market improvements and/or
petroleum/greenhouse gas reduction but needs better focus on overcoming some barriers and
targeting appropriate audiences)

e 2.0=Fair (has significant weaknesses; may have some impact on overcoming barriers and reducing
petroleum consumption/greenhouse gas emissions)

e 1.5=Poor (minimally responsive; unlikely to advance an alternative fuel vehicle market or
contribute to petroleum. reduction/greenhouse gas efforts)

e 1.0=Unsatisfactory (not responsive to eliminating barriers or providing information that will
advance an alternative fuel vehicle market or lead to petroleum/greenhouse gas reductions).

Question 6. Use of resources—Are DOE funds being used wisely? Should DOE fund similar efforts
in the future? If not, what would be a better use of DOE resources to achieve alternative fuel
vehicle and infrastructure expansion to support the broader goal of petroleum displacement and
emissions reductions?

e Yes
e Maybe
e No.

Project Scoring

R&D Subprogram Projects

For R&D subprogram sessions, reviewers were asked to provide numeric scores (on a scale of 1.0-4.0 in one-
half point increments, as indicated above) for Question 1 through Question 4 of each formally reviewed
activity. For each reviewed project, the individual reviewer scores for Question 1 through Question 4 were
averaged to provide information on the project’s question-by-question scoring. Scores for each of these four
criteria were weighted using the formula below to create a Weighted Average for each project. This allows a
project’s question-by-question and final overall scores to be meaningfully compared against another project:

Weighted Average = [Question 1 Score x 0.20] + [Question 2 Score x 0.40] +
[Question 3 Score x 0.10] + [Question 4 Score x 0.10]

Each reviewed activity has a corresponding bar chart representing that project’s average scores for each of the
four designated criteria. As demonstrated in Figure 1, a bullet and error line are included within the green bars
representing the corresponding average and standard deviation of criteria scores for all of the reviewed projects
in the same subprogram.
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Figure 1. Sample Question 1 through Question score averages, standard deviations, and overall Weighted Average for
an R&D project.

Reviewers were also asked to evaluate a given project’s relevance and funding through Question 5 and
Question 6, which were each scored on a different scale than Question 1 through Question 4. For the R&D
subprogram sessions, while Question 1 through Question 4 were rated on a 1.0 to 4.0 scale in one-half point
increments, Question 5 was rated on a yes or no scale, and Question 6 was rated on an excessive, sufficient, or
insufficient scale. Consequently, Question 5 and Question 6 results were excluded from the Weighted Average
calculation because the scoring scales are incompatible. As demonstrated in Figure 2, each reviewed activity
has pie charts representing that project’s population distributions for each reviewer rating associated with
Question 5 and Question 6.
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Relevant to DOE Objectives Sufficiency of Resources

Insufficient
25%

Sufficient
50%

Excessive
25%

Breakdown of Responses to Breakdown of Responses to
Question 5 Question 6

Figure 2. Sample Question 5 and Question 6 population distribution for R&D subprogram project.

Tl Subprogram Projects

For the TI subprogram session, reviewers were asked to provide numeric scores (on a scale of 1.0-4.0 in one-
half point increments, as indicated above) for Question 1 through Question 5 of each formally reviewed
activity. For each reviewed project, the individual reviewer scores for Question 1 through Question 5 were
averaged to provide information on the project’s question-by-question scoring. Scores for each of these five
criteria were weighted using the formula below to create a Weighted Average for each project. This allows a
project’s question-by-question and final overall scores to be meaningfully compared against another project:

Weighted Average = [Question 1 Score x 0.20] + [Question 2 Score x 0.20] +
[Question 3 Score x 0.40] + [Question 4 Score x 0.10] + [Question 5 Score x 0.10]

Each reviewed TI activity has a corresponding bar chart representing that project’s average scores for each of
the five designated criteria. As demonstrated in Figure 3, a bullet and error line are included within the green
bars representing the corresponding average and standard deviation of criteria scores for all of the reviewed
projects in the same subprogram.
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Figure 3. Sample Question 1 through Question 5 score averages, standard deviations, and overall

For TI projects, Question 1 through Question 5 were rated on a 1.0 to 4.0 scale in one-half point increments,
whereas Question 6 was rated on a yes, maybe, or no scale. Consequently, Question 6 results were excluded

Weighted Average for a Tl subprogram project.

from the Weighted Average calculation because the scoring scales are incompatible. As demonstrated in

Figure 4, similar to the R&D subprograms, each reviewed activity for TI projects has a pie chart representing

that project’s population distributions for each reviewer rating associated with Question 6.
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Effective Use of DOE Resources

Breakdown of Responses

Insufficient to Question 6

Figure 4. Sample Question 6 population distributions for Tl Resources question.

Reviewer Responses

Text responses and numeric scores to the questions were submitted electronically through a web-based
software application, PeerNet, operated by Oak Ridge Associated Universities (ORAU). Database outputs
from this software application were analyzed and summarized to collate the multiple-choice, text comments,
and numeric scoring responses and produce the summary report.

Responses to the questions are summarized in this report, with summaries of numeric scores for each technical
session, as well as text and graphical summaries of the responses for each individual technical activity. For
each project, the reviewer sample size is identified.

Each reviewed activity is identified by Presentation Number, followed by the Presentation Title, the Principal
Investigator (PI), and the PI’s organization. For each subprogram area, reviewed activities are ordered
numerically by project number. Figure 5, below, provides an example project title.

Presentation Number: acs002
Presentation Title: Light-Duty Diesel Combustion
Principal Investigator: Stephen Busch (Sandia National Laboratories)

Figure 5. Sample project title with presentation ID, presentation title, Pl, and Pl organization.

For each project, in addition to the PI, the presenter at the AMR is identified, along with the reviewer sample
size. For some projects, the presenter at the AMR was a project team member rather than the PI.

Individual reviewer comments for each question are identified under the heading Reviewer 1, Reviewer 2, etc.

Note that for each question the order of reviewer comments may be different; for example, for each specific
project the reviewer identified as Reviewer 1 in the first question may not be Reviewer 1 in the second
question, etc. Not all reviewers provided a response to each question for a given project.

The report is organized by technical subprogram area. Each technical area section includes a summary of that
subprogram, reviewer feedback received specific to the subprogram overview presentation(s) given by DOE, a
subprogram activities score summary table (and page numbers), and project-specific reviewer evaluation
comments with corresponding bar and pie charts
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1. Advanced Combustion Systems

The Vehicle Technologies Office (VTO) supports early-stage research and development (R&D) to generate
knowledge upon which industry can develop and deploy innovative energy technologies for the efficient and
secure transportation of people and goods across America. VTO focuses on research that industry either does
not have the technical capability to undertake or is too far from market realization to merit sufficient industry
focus and critical mass. In addition, VTO leverages the unique capabilities and world-class expertise of the
national laboratory system to develop new innovations for significant energy-efficiency improvement. VTO is
also uniquely positioned to address early-stage challenges due to its strategic public-private research
partnerships with industry (e.g., U.S. DRIVE and 21st Century Truck Partnerships) that leverage relevant
technical and market expertise, prevent duplication, ensure public funding remains focused on the most
critical R&D barriers that are the proper role of government, and accelerate progress—at no cost to the
Government.

The Advanced Combustion Systems (ACS) subprogram supports early-stage R&D to improve our
understanding of, and ability to manipulate, combustion processes, generating knowledge and insight
necessary for industry to develop the next generation of engines and fuels. The ACS subprogram utilizes
unique facilities and capabilities at national laboratories to develop knowledge, new concepts and research
tools that industry can use to develop advanced combustion engines. Facilities include the Combustion
Research Facility at Sandia National Laboratories (SNL), the Advanced Photon Source at Argonne National
Laboratory (ANL), the Institute for Integrated Catalysts at Pacific Northwest National Laboratory (PNNL), and
the Spallation Neutron Source at Oak Ridge National Laboratory (ORNL). Major activities include: predictive
modeling; experimental combustion including fuels and engines; and emission control. Predictive, high-
fidelity models simulate the fundamental physics of fuel injection sprays, heat transfer, turbulence and
combustion phenomena using high-performance computing resources. Experimental combustion processes
develop data to establish quantitative relationships between fuel properties and efficiency improvement
potential for engines operating in advanced compression ignition and multi-mode spark ignition/compression
ignition regimes. Emission control experiments are conducted using high-resolution microscopy to understand
chemical reactions at the atomic level on catalyst surfaces and within the catalysts that have the potential to
reduce emissions at low exhaust temperatures.

Subprogram Feedback

The U.S. Department of Energy (DOE) received feedback on the overall technical subprogram areas presented
during the 2017 Annual Merit Review (AMR). Each subprogram technical session was introduced with a
presentation that provided an overview of subprogram goals and recent progress, followed by a series of
detailed topic area project presentations.

The reviewers for a given subprogram area responded to a series of specific questions regarding the breadth,
depth, and appropriateness of that DOE VTO subprogram’s activities. The subprogram overview questions are
listed below, and it should be noted that no scoring metrics were applied. These questions were used for all
VTO subprogram overviews.

Question 1: Was the program area, including overall strategy, adequately covered?

Question 2: Is there an appropriate balance between near- mid- and long-term research and
development?
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Question 3: Were important issues and challenges identified?
Question 4: Are plans identified for addressing issues and challenges?
Question 5: Was progress clearly benchmarked against the previous year?

Question 6: Are the projects in this technology area addressing the broad problems and barriers that
the Vehicle Technologies Office (VTO) is trying to solve?

Question 7: Does the program area appear to be focused, well-managed, and effective in addressing
VTO’s needs?

Question 8: What are the key strengths and weaknesses of the projects in this program area? Do any of
the projects stand out on either end of the spectrum?

Question 9: Do these projects represent novel and/or innovative ways to approach these barriers as
appropriate?

Question 10: Has the program area engaged appropriate partners?
Question 11: Is the program area collaborating with them effectively?
Question 12: Are there any gaps in the portfolio for this technology area?
Question 13: Are there topics that are not being adequately addressed?

Question 14: Are there other areas that this program area should consider funding to meet overall
programmatic goals?

Question 15: Can you recommend new ways to approach the barriers addressed by this program area?
Question 16: Are there any other suggestions to improve the effectiveness of this program area?

Responses to the subprogram overview questions are summarized in the following pages. Individual reviewer
comments for each question are identified under the heading Reviewer 1, Reviewer 2, etc. Note that reviewer
comments may be ordered differently; for example, for each specific subprogram overview presentation, the
reviewer identified as Reviewer 1 in the first question may not be Reviewer 1 in the second question, etc.
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Presentation Number: acs000 Presentation Title: Overview of the VTO Advanced Combustion Systems
Program
Principal Investigator: Gurpreet Singh (U.S. Department of Energy)

Question 1: Was the program area, including overall strategy, adequately covered?

Reviewer 1:
The reviewer said yes, that strategy, drivers, specific approaches, plans, challenges, and accomplishments were
all covered.

Reviewer 2:
The reviewer stated that, yes, these topics were adequately covered.

Reviewer 3:
The reviewer believed that these topics were adequately covered.

Reviewer 4:

The reviewer remarked that the program area and strategy were well-covered. Background on fuel
consumption was nicely presented. The three-pronged approach of fundamental combustion, aftertreatment,
and cost reduction seemed reasonable to the reviewer. However, the reviewer pointed out several potential
issues. The 2009 baseline presented was obsolete. The U.S. Environmental Protection Agency (EPA) is using
2015 in its Technical Assessment Report. On heavy-duty (HD) vehicles, this is a false baseline, as efficiency
improved significantly when selective catalytic reduction (SCR) was added in 2010. The reviewer also
questioned whether DOE should be concerned at this stage about costs. The reviewer suggested that DOE
ought to keep costs in mind, but offer technical solutions and let industry cost reduce these options.

Question 2: Is there an appropriate balance between near-, mid-, and long-term research and
development?

Reviewer 1:

The reviewer commented that the role of DOE and the national laboratories R&D should primarily be focused
on mid- and long-term R&D, while very near-term development and/or commercialization is the role of
industry. The current program balance appeared, to the reviewer, to be consistent with this viewpoint.

Reviewer 2:
The reviewer said that it was well balanced.

Reviewer 3:

The reviewer stated that there appears to be appropriate balance. The reviewer also stated that the program
would benefit from the integration of control technologies into being part of the program. This will be
especially important for improving transient operations.

Reviewer 4:

The reviewer commented that project scopes seemed well-balanced. This reviewer argued there is little here
for near-term (0 to 5 years) but that was acceptable. A zero to three-year timeframe “left the station.” A four to
five-year timeframe would be CTS, some of the work at ANL on gasoline direct injection (GDI) particulate
number (PN), lean burn, and fuel injector visualization and resolution. Medium term is most of the light-duty
(LD) vehicle combustion work. Long term scopes would be all the collaboration with Basic Energy Sciences
(BES), and the fundamental combustion work.

The reviewer further commented that given that plug-in electric vehicles (PEVs) are coming around the corner,
it seems LD work ought to focus on the pre-2025 timeframe for implementation. For example, Japan is not
doing internal combustion engine (ICE) research work after 2025.
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Question 3: Were important issues and challenges identified?

Reviewer 1:
The reviewer said that yes, the important issues and challenges were clearly identified for the various program
areas (advanced combustion, emissions mitigation, and control systems, etc.).

Reviewer 2:
The reviewer stated that yes, the important issues and challenges were clearly identified.

Reviewer 3:

The reviewer commented that the important issues and challenges were identified. The program addressed the
critical high-level challenges that need to be addressed for improving efficiency and reducing environmental
impact. This project also realizes that the potential benefits are very large because the ICEs are predominant as
power plants, and will be for decades to come.

Reviewer 4:

The reviewer reiterated that the issues identified are to maximize efficiency, work on aftertreatment gaps, and
reduce cost. Emerging and future LD (and HD) powertrains will have some electrification. Given this, a
missing challenge is calibrating for hybrid operation with advanced combustion regimes. It is fair to say that
all LD will have some hybrid electric vehicle (HEV) operation in 2025 and beyond, so the reviewer questioned
what these challenges would be.

Question 4: Are plans identified for addressing issues and challenges?

Reviewer 1:
The reviewer stated that yes, the plans for the various program areas were discussed.

Reviewer 2:
The reviewer said the plans were identified.

Reviewer 3:
The reviewer remarked that plans were presented at a very high level, which is appropriate for the scope of this
presentation.

Reviewer 4:

The reviewer commented that the plans on fundamental low-temperature combustion (LTC) are impressive
and yielded interesting results. The LD combustion projects cover the main opportunities. However, as
suggested previously, the project ought to consider how hybridization fits in, as this may be complex and some
of the combustion strategies might be enabled by it. Also, some of the aftertreatment projects might want to
consider consolidation of functionality and synergies, such as zone coating and layering SCR (and diesel
oxidation catalyst [DOC]) catalysts, and four-way catalyst (ANL was looking at coated gasoline particulate
filters [GPF]). Also, the first layout of pre-turbo exhaust components was seen (Delphi gasoline direct
compression ignition engine [GDCI]; Cummins). As DOC formulations seem to be hitting a wall when T90 is
approximately 200°C, these components are a very attractive possibility. Much more fundamental work is
needed on pre-turbo DOC, SCR, filters, and three-way catalyst (TWC).

Question 5: Was progress clearly benchmarked against the previous year?

Reviewer 1:
The reviewer said that yes, it was clearly benchmarked.
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Reviewer 2:

The reviewer commented that progress was presented as a timeline chart covering multiple years of progress,
which, for this level of presentation, is appropriate. It would be impractical to highlight individual project
progress for the scope of this overview. The overall progress of this program is excellent.

Reviewer 3:
The reviewer remarked that some progress was mentioned, but not specifically over the previous year.

Reviewer 4:

The reviewer stated that it was difficult to assess this question from the presentation alone due to the many
projects and progress on each. The 2050 fuel consumption projects show nominally a 25% cut due to these
DOE programs versus the business as usual case, which is impressive. The chosen examples show progress,
but much more is shown in the detailed presentations. The reviewer also stated that the start-up of the
SuperTruck II Program is significant.

Question 6: Are the projects in this technology area addressing the broad problems and barriers that the
Vehicle Technologies Office (VTO) is trying to solve?

Reviewer 1:
The reviewer said that yes, the projects were focused on improved engine and vehicle efficiency, reduced
emissions through improved engine design and better aftertreatment systems, and cost reductions.

Reviewer 2:
The reviewer said that the projects were addressing the broad problems and barriers.

Reviewer 3:
The reviewer stated that, in general, there was a good mixture. Barriers are identified and projects are designed
to address them.

Reviewer 4:
The reviewer remarked that the experimental projects were very adequate. However, the reviewer expressed
that the computational projects were not so adequate.

Question 7: Does the program area appear to be focused, well-managed, and effective in addressing
VTO’s needs?

Reviewer 1:
The reviewer stated that the program area did appear to be focused, well-managed, and effective.

Reviewer 2:

The reviewer commented that yes, the programs were focused on existing VTO “needs”. The reviewer,
however questions whether those “needs” will be/are being re-defined to meet the new administration’s
priorities.

Reviewer 3:

The reviewer commented that the program area was focused. However, it was difficult to make an assessment
of the level of management from an overview presentation. The reviewer’s observations based on experiences
outside of this review are that the program is very well managed.

Reviewer 4:

The reviewer stated that the funding seemed adequate. The programs have excellent collaboration and state-of-
the-art investigations, with nothing even close to this elsewhere. As PEV costs come down and ICE costs go
up, the ICE will still be used but with decreasing emphasis and impact. On the LD side, the reviewer remarked
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that the program needs to start shifting to this reality. Perhaps this can be accomplished by incorporating
hybridization into each LD program; looking at smaller, less powerful engines (like range extenders); and
looking at fundamentals of second-by-second power supplement by electric motors.

Question 8: What are the key strengths and weaknesses of the projects in this program area? Do any of
the projects stand out on either end of the spectrum?

Reviewer 1:
The reviewer considered a key strength to be the combined use of engine and vehicle testing and simulation
and/or modeling work. No key weaknesses were given by the reviewer.

Reviewer 2:

The reviewer commented that the program brings together the fundamental capabilities of the national
laboratories into conducting advanced research that industry no longer performs, yet couples the work with
industry R&D efforts, who have the understanding of what is required for a technology to be incorporated in a
product. There is not such a large interface with universities, unfortunately. Working groups, Memoranda of
Understanding (MOU ), and research review meetings give ample opportunity for stakeholders to engage and
offer input, and take important learning back to their respective R&D efforts.

Reviewer 3:

The reviewer suggested that the project needed more consideration of hybridization into the LD engine
strategy, as discussed earlier. The fundamental combustion work is state-of-the-art and world-class. The
reviewer did not really see much information on cost reduction, but as mentioned, this was acceptable as
industry needs to choose the options offered by these DOE projects and reduce cost themselves.

Reviewer 4:

The reviewer listed a key strength as experimental diagnostics of advanced combustion engines. Several key
weaknesses were listed. The computational efforts at the Sandia Combustion Research Facility (CRF) are
adequate; however, the computational fluid dynamics (CFD) efforts led by ANL using the commercial code
(i.e., the commercial CFD software CONVERGE) are not proper. The scientific merit and impacts of
Argonne’s CFD work by Sibendu Som are not up to the standard of a national laboratory. The ANL work is
low-level CFD and can be easily accomplished by mediocre universities. In the meantime, the KIVA work at
Los Alamos does not seem to have value or impact. Nowadays, every company, university, and national
laboratory has its own in-house engine codes. The reviewer stated that it is unlikely that anyone will use the
new KIVA in the future. Every institution has been migrated to Open Source Field Operation and
Manipulation (OpenFOAM) for open-source code development. The inertia is too big to switch to the new
KIVA. The reviewer considers it a waste of resources to continue the KIVA code development.

Question 9: Do these projects represent novel and/or innovative ways to approach these barriers as
appropriate?

Reviewer 1:
The reviewer stated that there seemed to be novel and innovative approaches to the barriers. The reviewer
further highlighted the key value of the national laboratories is fundamental exploration of novel concepts.

Reviewer 2:
The reviewer said yes, the projects do represent novel and/or innovative ways to approach the barriers.

Reviewer 3:

The reviewer remarked that the projects are packed with creativity and novel approaches. DOE has shown
flexibility and ability to adjust. One example is moving to gasoline on the Achates engine (not presented here).
The reviewer suggested that scientists be given some general goals, given resources, and let them adjust to
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deliver results. The reviewer stated that it is acceptable to change goals, as long as the team is delivering good
results.

Reviewer 4:
The reviewer noted that the experimental work is valuable, but the computational works by Argonne and Los
Alamos are not novel or innovative.

Question 10: Has the program area engaged appropriate partners?

Reviewer 1:
The reviewer commented that excellent collaboration was obvious on all fronts. The reviewer was very
impressed and stated that there were no concerns.

Reviewer 2:

The reviewer commented that appropriate partners were mentioned, such as the engine and vehicle
manufacturers and energy companies in the Advanced Engine Combustion (AEC) MOU partnership; a catalyst
company in the emissions catalyst R&D; and PPG for the improved tire materials.

Reviewer 3:
The reviewer said that yes, appropriate partners had been engaged.

Reviewer 4:
The reviewer said that yes, appropriate partners had been engaged.

Question 11: Is the program area collaborating with them effectively?

Reviewer 1:
The reviewer said yes, the program is collaborating effectively.

Reviewer 2:
The reviewer said yes, the program is collaborating effectively. This reviewer also suggested that this question
should be incorporated into the previous one.

Reviewer 3:
The reviewer said yes, the program is collaborating effectively.

Reviewer 4:

The reviewer stated that good progress seemed to be made, but from the presentation material, it was not
possible to determine the specific effectiveness and/or quality of the collaborations (i.e., it is theoretically
possible that there is no significant collaboration with industry partners and all progress is being made by the
national laboratories with minimal industry collaboration).

Question 12: Are there any gaps in the portfolio for this technology area?

Reviewer 1:

The reviewer noted that it seemed that including more controls (for example, development of model based
control approaches) will be an important area for improving transient performance. The reviewer asked if there
fundamental barriers that need to be addressed to facilitate industry’s development of model based, proactive,
and predictive control systems. It was the reviewer’s opinion that this will be an important enabler for using
LTC approaches during transient operation.

Reviewer 2:
The reviewer stated that the portfolio does not have gaps. On the contrary, the reviewer commented that the
work is a bit too extensive, and that computational work at ANL and Los Alamos was unnecessary.
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Question 13: Are there topics that are not being adequately addressed?

Reviewer 1:
The reviewer said that topics were being adequately addressed.

Reviewer 2:
The reviewer referenced previous comments.

Question 14: Are there other areas that this program area should consider funding to meet overall
programmatic goals?

Reviewers either said that there were no other areas, or they reference answers to prior questions.
Question 15: Can you recommend new ways to approach the barriers addressed by this program area?

Reviewer 1:
The reviewer stated that the program has innovative collaboration utilizing the R&D capabilities of the United
States. No further recommendations were given.

Question 16: Are there any other suggestions to improve the effectiveness of this program area?

Reviewer 1:
The reviewer commented that the program appears to be well organized and doing effective work, maximizing
the results and effectiveness within the budget that exists.

Reviewer 2:

The reviewer suggested that the Directions in Engine Efficiency and Emissions Research conference ought to
be renewed. This is essential to communicating the results to industry. It was very-well attended and covered
multiple areas very well. The reviewer asserted that this is a major gap and deficiency in the program.

Reviewer 3:
The reviewer commented that, regarding the computational efforts, the universities (rather than the national
laboratories) should be allowed to develop advanced numerical models.

Reviewer 4:

The reviewer suggested marketing this review a little more to those organizations that can help deliver desired
change (i.e., software/app developers, marketing people, leaders at the truck builders who integrate so many of
these technologies, and fleets).
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Project Feedback

In this merit review activity, each reviewer was asked to respond to a series of questions, involving multiple-
choice responses, expository responses where text comments were requested, and numeric score responses (on
a scale of 1.0 to 4.0). In the pages that follow, the reviewer responses to each question for each project will be
summarized: the multiple choice and numeric score questions will be presented in graph form for each project,
and the expository text responses will be summarized in paragraph form for each question. A table presenting
the average numeric score for each question for each project is presented below.

Table 1-1 - Project Feedback

Presentation Presentation Title Principal Page Approach Technical Collaborations Future Weighted
ID Investigator Number Accomplishments Research Average
(Organization)

acs001 Heavy-Duty Low- Mark 1-15 3.50 3.75 3.63 3.50 3.64
Temperature and Diesel Musculus
Combustion and Heavy- (SNL)

Duty Combustion Modeling

acs002 Light-Duty Diesel Stephen 1-18 3.00 3.13 3.00 3.00 3.06
Combustion Busch (SNL)
acs004 Low-Temperature Gasoline John Dec 1-22 2.75 2.88 3.50 3.13 2.95
Combustion (LTGC) Engine (SNL)
Research
acs005 Spray Combustion Cross- Lyle Pickett 1-25 3.40 3.30 3.60 3.30 3.36
Cut Engine Research (SNL)
acs006 Gasoline Combustion Isaac Ekoto 1-28 3.25 2.75 3.13 2.75 2.92
Fundamentals (SNL)
acs007 Large Eddy Simulation Joe Oefelein 1-31 3.50 3.63 3.63 3.38 3.56
(LES) Applied to Advanced (SNL)
Engine Combustion
Research
acs010 Fuel Injection and Spray Christopher 1-34 3.42 3.08 292 3.00 3.14
Research Using X-Ray Powell (ANL)
Diagnostics
acs011 Advances in High-Efficiency Steve Ciatti 1-37 2.90 3.00 2.80 2.90 2.94
Gasoline Compression (ANL)
Ignition
acs012 Model Development and Russell 1-40 3.75 3.50 3.25 3.38 3.52
Analysis of Clean & Whitesides
Efficient Engine (LLNL)
Combustion
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Presentation Presentation Title

ID

acs013 Chemical Kinetic Models
for Advanced Engine
Combustion

acs014 2016 KIVA-hpFE
Development: A Robust
and Accurate Engine
Modeling Software

acs015 Stretch Efficiency for
Combustion Engines:
Exploiting New Combustion
Regimes

acs016 High-Efficiency Clean
Combustion in Multi-
Cylinder Light-Duty Engines

acs017 Accelerating Predictive
Simulation of IC Engines
with High Performance

Computing

acs022 Joint Development and
Coordination of Emissions
Control Data and Models
(Cross-cut Lean Exhaust
Emissions Reduction
Simulations Analysis and
Coordination)

acs023 Cross-cut Lean Exhaust
Emissions Reduction
Simulation: Aftertreatment
Modeling and Analysis

acs024 Ash-Durable Catalyzed
Filters for Gasoline Direct
Injection (GDI) Engines

acs027 Next-Generation Selective
Catalytic Reduction-Dosing
System Investigation

acs032 Cummins-ORNL Emissions
CRADA: NOx Control and
Measurement Technology
for Heavy-Duty Diesel
Engines

Principal Page

Investigator Number
(Organization)
Bill Pitz (LLNL) 1-42
David 1-46
Carrington
(LANL)
Jim Szybist 1-52
(ORNL)
Scott Curran 1-55
(ORNL)
K. Dean 1-59
Edwards
(ORNL)
Josh Pihl 1-62
(ORNL)
Yong Wang 1-66
(PNNL)
Hee Je Seong 1-71
(ANL)
Abhijeet 1-75
Karkamkar
(PNNL)
Bill Partridge 1-79
(ORNL)

Approach

3.70

2.90

3.38

3.07

2.88

3.13

3.10

2.90

2,75

3.00

Technical
Accomplishments

3.60

3.00

3.38

3.36

3.00

3.13

3.20

3.00

2.75

2.75

Collaborations

3.50

2.60

2.88

3.29

3.25

3.50

3.40

3.10

2.63

3.38

Future
Research

3.40

2.90

2.75

3.07

2.88

3.13

2.90

2.90

2.50

2.63
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3.59

291

3.23

3.24

2.98

3.17

3.16

2.98

2.70

2.88



Presentation Presentation Title Principal Page Approach Technical Collaborations Future
ID Investigator Number Accomplishments Research
(Organization)
acs033 Emissions Control for Lean Jim Parks 1-83 3.38 3.25 3.63 3.25
Gasoline Engines (ORNL)
acs052 Neutron Imaging of Todd Toops 1-86 3.20 3.00 3.10 3.20
Advanced Transportation (ORNL)
Technologies
acs054 Rapid Compression Scott 1-89 3.38 3.50 3.38 3.00
Machine Studies to Enable Goldsborough
Gasoline-Relevant Low- (ANL)
Temperature Combustion
acs056 Fuel-Neutral Studies of Mark Stewart 1-92 3.20 3.50 3.70 3.20
Particulate Matter (PNNL)
Transport Emissions
acs075 Advancements in Fuel Sibendu Som 1-95 3.21 3.14 3.36 3.07
Spray and Combustion (ANL)
Modeling with High-
Performance Computing
Resources
acs076 Improved Solvers for Matthew 1-101 3.75 3.63 3.38 3.50
Advanced Engine McNenly
Combustion Simulation (LLNL)
acs084 Advanced Ignition Systems Riccardo 1-104 3.13 3.38 3.25 3.25
for Gasoline Direct Scarcelli (ANL)
Injection (GDI) Engines
acs085 Low-Temperature Emission Todd Toops 1-107 3.60 3.50 3.10 3.40
Control to Enable Fuel- (ORNL)
Efficient Engine
Commercialization
acs092 High-Efficiency Variable Charles 1-110 2.79 2.86 2.93 2.79
Compression Ratio Engine Mendler
with Variable Valve (Envera LLC)
Actuation and New
Supercharging Technology
acs093 Lean Miller Cycle System David 1-115 3.67 3.50 3.17 3.33
Development for Light-Duty Sczomak
Vehicles (General
Motors)
acs094 Ultra-Efficient Light-Duty Keith Confer 1-118 3.50 3.67 3.17 3.50
Powertrain with Gasoline (Delphi
Low-Temperature Powertrain)
Combustion
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3.33

3.09

3.39

341

3.8

3.61

3.28

3.46

2.84

3.48

3.54



Presentation Presentation Title

ID

acs095 Metal Oxide Nano-Array
Catalysts for Low-
Temperature Diesel
Oxidation

acs097 Affordable Rankine Cycle
(ARC) Waste Heat
Recovery for Heavy-Duty
Trucks

acs098 Cummins 55% Brake
Thermal Efficiency Project

acs099 Improved Fuel Efficiency
through Adaptive Radio
Frequency Controls and
Diagnostics for Advanced
Catalyst Systems

acs100 Engine Improving
Transportation Efficiency
through Integrated Vehicle,
and Powertrain Research
SuperTruck Il

acs101 Volvo SuperTruck II:
Pathway to Cost-Effective
Commercialized Freight
Efficiency

acs102 Cummins/ Peterbilt
SuperTruck I

acs103 Development and
Demonstration of a Fuel-
Efficient Class 8 Tractor &
Trailer—SuperTruck

acs104 Cavitation Within Fuel
Injectors: Development
and Multiscale Validation
of Euler-Lagrange based
Computational Methods for
Modeling Cavitation within
Fuel Injectors

Principal
Investigator
(Organization)

Pu-Xian Gao
(U. of
Connecticut)

Swami
Subramanian
(Eaton)

Lyle E. Kocher
(Cummins)

Alexander
Sappok (Filter
Sensing
Technologies,
Inc.)

Justin Yee
(Daimler
Trucks North
America)

Pascal Amar
(Volvo)

Michael Ruth
(Cummins)

Russ Zukouski
(Navistar)

Emily Ryan
(Boston U.)

Page

Number

1-122

1-126

1-130

1-135

1-139

1-144

1-149

1-154

1-159

Approach

2.83

2,75

3.43

3.58

3.43

3.58

3.79

3.14

3.13

Technical
Accomplishments

2.92

242

3.29

3.33

3.21

3.33

3.43

3.29

3.25

Collaborations

2,75

3.00

2.36

3.58

3.50

3.58

3.57

3.07

3.13

Future
Research

2,75

3.00

3.00

3.42

3.57

3.33

3.64

3.14

3.13
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2.85

2.33

3.17

3.44

3.35

3.43

3.56

3.21

3.19



Presentation
ID

acs105

acs106

acs107

acs108

acs109

acs110

acs111

acs112

acs113

acs114

acs115

Presentation Title

Turbulent Spray
Atomization Model for
Diesel Engine Simulations

Multi-Component Fuel
Vaporization and Flash
Boiling

High-Pressure Supercritical
Fuel Injection at Diesel
Conditions

Spray-Wall Interaction at
High-Pressure and High-
Temperature Conditions

Predictive Models for In-
Cylinder Radiation and
Heat Transfer

Engine Knock Prediction

Lagrangian Soot Model
Considering Gas Kinetics
and Surface Chemistry

Integrated Boosting and
Hybridization for Extreme
Fuel Economy and
Downsizing

DOE’s Effort to Improve
Heavy Vehicle Fuel
Efficiency through

Improved Aerodynamics

Improved Tire Efficiency
through Elastomeric
Polymers Enhanced with
Carbon-Based
Nanostructured Materials

Advanced Bus and Truck
Radial Materials for Fuel
Efficiency

Principal Page
Investigator Number
(Organization)

Caroline 1-164
Genzale
(Georgia

Institute of

Technology)

Chia-Fon Lee 1-169

(U. of lllinois)

Ajay Agrawal 1-174
(U. of

Alabama)

Seung-Young 1-177
Lee (Michigan
Technological

University)

Dan Haworth 1-180

(Penn State)

Seung Hyun 1-183
Kim (Ohio

State U.)

Sage Kokjohn 1-186
(U. of

Wisconsin)

Chinmaya 1-189

Patil (Eaton)

Kambiz Salari 1-193

(LLNL)

Georgios 1-198
Polyzos

(ORNL)

Lucas Dos 1-202
Santos Freire

(PPG)

Approach

3.25

2.50

3.00

3.25

3.67

3.00

3.50

3.25

3.50

3.25

3.50

Technical
Accomplishments

3.38

2.38

3.00

2.88

3.50

3.13

3.17

3.38

3.75

3.38

3.63

Collaborations

3.25

2.63

3.17

3.25

3.67

3.25

3.33

2.75

3.75

2.88

3.63

Future
Research

3.25

2.50

2.83

3.00

3.50

2.88

3.50

3.38

3.25

3.00

3.38
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Average

3.31

2.45

3.00

3.03

3.56

3.08

3.31

3.27

3.63

3.23

3.56



Presentation
ID

acs116

acs117t

acs118

acs119

Overall
Average

Presentation Title Principal

Investigator
(Organization)
Advanced Non-Tread Tim Okel
Materials for Fuel-Efficient (PPG)
Tires
HD Powertrain Paul Chambon
Optimization (ORNL)
Advanced Emission Control Janos Szanyi
for High-Efficiency Engines (PNNL)
Development and Ken Rappe
Optimization of a Multi- (PNNL)

Functional SCR-DPF
Aftertreatment System for
Heavy-Duty NOx and Soot
Emission Reduction

1 Denotes a poster presentation.

Page

Number

1-206

1-210

1-213

1-218

Approach

3.25

3.33

3.10

3.20

3.24

Technical
Accomplishments

3.13

3.50

3.10

3.10

3.21

Collaborations

3.38

3.33

3.40

3.10

3.22

Future
Research

2.88

3.33

3.00

3.10

3.12
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3.16

3.42

3.13

3.13

3.20



Presentation Number: acs001 Numeric scores on a scale of 1 (min) to 4 (max) This Project ~ ® Sub-Program Average
Presentation Title: Heavy-Duty Low- 4.00

Temperature and Diesel Combustion
and Heavy-Duty Combustion Modeling |3°°
Principal Investigator: Mark Musculus

(Sandia National Laboratories) 3.00
Presenter 250
Mark Musculus, Sandia National

Laboratories 200
Reviewer Sample Size 150
A total of four reviewers evaluated this
project. 100

Question 1: Approach to performing 0.50
the work—the degree to which
technical barriers are addressed, the 0.00 ) _

prOjeCt iS We"-deSigned, feaSible, and Approach AooomLﬁzr‘]mems Collaboration Future Research Weighted Average
integrated with other efforts.

3.50 3.75 363 3.50 3.64

Relevant to DOE Objectives Sufficiency of Resources

Reviewer 1:

The approach of using experimental
optical studies with modeling for
elucidating initial soot production and
oxidation is excellent in this reviewer’s
opinion. Additionally, coupling diffuse
back illuminated with natural luminosity
imaging seems to be a very effective

technique for quantifying net soot Sutfiient
. 100% 100%
production.
. . Figure 1-1 - Presentation Number: acsO01 Presentation Title: Heavy-Duty
Reviewer 2:

Low-Temperature and Diesel Combustion and Heavy-Duty Combustion
Modeling Principal Investigator: Mark Musculus (Sandia National
Laboratories)

The reviewer noted that overall, this is
well thought out and planned project.
The PI has given great thought toward
using experimental techniques to better
quantify the impact of late cycle injection on the controlling physics for reducing soot. The project includes a
modeling CFD portion that is also very helpful in better understanding and quantifying the controlling physics.
The idea toward developing a concept model for soot formation/reduction as a function of post injection
parameters is a great idea, but the reviewer indicated concern that the experimental conditions are not broad
enough to support such an effort at this point in time. The reviewer recommended that it would be helpful to
better quantify time scale effects such as engine speed and injection pressure on post injection and timing on
soot oxidation.

Reviewer 3:
The reviewer observed that the approach utilizes a good balance of experiments along with simulation for a
fundamental understanding of diesel combustion.

The reviewer recommended further understanding and insight regarding multi-injection schedules would be
helpful in order to improve overall engine efficiency.
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Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:

The reviewer noted that very good progress has been made to better elucidate and quantify soot production
from post injection. The results are very helpful for better fundamental understanding and to resolve apparent
conflicting results from prior studies.

Reviewer 2:
The reviewer indicated that this project has made significant contribution toward understanding of soot
oxidation and soot production with pilot, main and post injection strategies.

Reviewer 3:

The presented results have helped the engine community better quantify why post injection leads to soot
reduction under certain operating conditions. The reviewer thanked the PI for focusing on supplying such
important quantitative data to the community over the past year. As a possible side effect from this great effort,
it was not clear to the reviewer if the PI was also closely watching the impact on indicated efficiency from
various post injection strategies used in this project.

Reviewer 4:
The reviewer observed that additional geometries should be investigated for spray to spray interactions.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
The reviewer noted that the project made good use of the Engine Combustion Network (ECN).

Reviewer 2:
The reviewer observed that collaboration and coordination with other institutions has been excellent in this
project.

Reviewer 3:
It has been apparent over the years that the principal investigator (PI) is excellent at collaboration with various
partners. In this reviewer’s opinion, this is one of many strengths of the PI’s past and current work.

Reviewer 4:

There appears to be collaborations with some specific industry partners (such as Cummins, Delphi, and
Convergent Science) as well as several universities (University of Wisconsin [UW] and Lund University). The
reviewer noted that collaboration with the organizations involved in the AEC MOU is mentioned, but outside
of the two presentations per year, it was unclear to this reviewer how much collaboration with those
organizations takes place.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:

The reviewer indicated that proposed plans of continuing to gain fundamental insights from experiments and
models; building conceptual models; and determining how in-cylinder processes affect efficiency across a
range of combustion modes and in-cylinder geometries seem very reasonable and useful.
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Reviewer 2:

The proposed research plan is very good. The reviewer recommended that, if time permits, the project could
expand the experimental work to better understand time scale effects on post injection/soot oxidation/soot
formation by varying engine speed and injection pressure in light of any future conceptual model development.

Reviewer 3:

The reviewer suggested that proposed future research regarding in-cylinder temperature and heat transfer
across combustion modes to efficiency will be helpful. The reviewer wondered if thermal barrier coating on
pistons can be included in this study for optimizing thickness and material conductivity.

Question 5: Relevance — Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:

This reviewer indicated that a fundamental understanding of soot production and how to reduce it should lead
to improved aftertreatment systems, which may lead to less fuel required for regeneration. Also, less fuel
converted to soot presumably means higher combustion and engine efficiency.

Reviewer 2:
This reviewer stated that the project does support the overall DOE objectives of petroleum displacement
because this study has a direct impact on improving overall efficiency of combustion engines.

Reviewer 3:

The reviewer said in short, yes. The post injection strategy for soot oxidation may allow for a more aggressive
main combustion strategy approach that could increase indicated thermal efficiency, thus addressing DOE
goals. This reviewer noted that although this past year the focus did not appear to be on efficiency, the
quantitative data supplied to understand soot oxidation/formation as a function of post injection strategy was
worthwhile.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
This reviewer stated that the resources seem sufficient and that the project seems to be meeting goals seem
with current funding levels.

Reviewer 2:
This reviewer indicated that funding seems to be sufficient.

Reviewer 3:
This reviewer suggested that, based on availability of resources, allocating additional resources for modeling
work would greatly benefit further advancement of the study.
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Figure 1-2 - Presentation Number: acs002 Presentation Title: Light-Duty
Diesel Combustion Principal Investigator: Stephen Busch (Sandia National

Reviewer 2: Laboratories)

The current study for piston bowl

geometry for overall thermal efficiency

and emissions is promising. But, a parametric study CFD for assessing really sensitive piston bowl parameters
for thermal efficiency and validation using experimental studies will be vital to the engine community in this
reviewer’s opinion.

Reviewer 3:

The reviewer said that this is a great example for collaboration between experimental and simulation work.
This reviewer did note one concern, raised by another reviewer, wondering if the observed differences between
piston geometries was at less than peak efficiency. At peak efficiency, there was not much of a difference,
which leads to the question of which bowl parameters are most important and how can they be isolated in the
experimental approach. This reviewer wondered if, now that the tools have been developed using the chosen
piston profiles, they can be used to look at optimizing and ranking different bowl features with the ultimate
goal being to provide guidance to the design process.

Reviewer 4:
The project provides unique data for the combustion process with the dedicated optical engine and that this is
very important and useful.
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The reviewer did note that it appears the project lacks the definition over its design space to make the study of
diesel combustion and predictive CFD tools useful. The study focuses on only on two combustion bowls. For
any practical “use,” the reviewer recommended that the study would need to consider a space of air-fuel ratio,
boost, injection spray, and compression ratio, in addition to bowl geometry.

The reviewer also recommended that the project could benefit from more concrete targets or benchmarks. For
example, this person thought the project should focus on efficiency regions near or higher than the baseline,
rather than exploring the late timings that operate at poor efficiency.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:

This reviewer wondered if the post-processing techniques that are developed to extract additional insights
about in-cylinder processes and support experimental findings are specific to FRESCO software or if they can
also be used with other CFD software.

Reviewer 2:
This reviewer recommended thinking about how the design space for bowl design can be narrowed.

Reviewer 3:

This reviewer stated that progress seems slow and wondered if the Programmatic approach in Slide 5 can be
accelerated. Noise measurements, following Advanced Combustion and Emissions Control (ACEC)
guidelines, and tradeoffs with efficiency were proposed last year and this reviewer was encouraged to see that
the suggestion to do a First-Law analysis last year were followed.

This reviewer wondered if care was taken to ensure that the conventional bowl and stepped-lip bowl were
nearly the same in all other respects, with the only main difference being the stepped-lipped feature. In other
words, this person asked if the results can be confounded by geometry differences other than the stepped lip.

This reviewer also wondered if there are any piston-lip geometry issues or design guidelines that can maximize
efficiency.

Reviewer 4:

This reviewer commended that the work provides useful images of both experimental and simulation of the
diesel combustion, but provides little new insights on the nature of diesel combustion. Focusing on heat release
and energy loss spanning very late injection timing are of little practical value as the efficiencies reported are
very low. This reviewer recommended that the study focus on the efficiency roadmap (established at the goal
of the program) to provide information of any practical pathways beyond what the industry state of the art is.

The report showed similar performance on the two bowls considered at peak efficiency; this is very telling and
could have been treated in greater length in this reviewer’s opinion.

This reviewer recommended reporting a better description of test conditions as well as exploring future ranges.
Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
This reviewer noted that it seems like there is good collaboration with General Motors (GM) and Ford.

Reviewer 2:
While two large original equipment manufacturers (OEMs) are involved, it is unclear to this reviewer how
much guidance they provide or the quality of this guidance.
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One aspect that is of concern to this reviewer is the lack of reference to previous studies done in this area.

Reviewer 3:
This reviewer recommended collaborations to expand into catalyst heating.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:
The project proposed multiple efforts regarding injection strategies, catalyst heating, and different
experimental studies along with noise-efficiency trade off study.

The reviewer noted that the noise efficiency study date should be changed to summer 2017 instead of 2016, but
is not sure how the noise efficiency is relevant to overall scope of this project.

Reviewer 2:

Researchers are encouraged to align their work in the context of previous work in this area, emphasizing new
approaches and pathways toward improved combustion efficiency and clean combustion. This work needs to
be guided by clear benchmarks targets that support their capability to improve the state of the art. The reviewer
got the impression that there is no “picture” of success.

Reviewer 3:

While many pieces of future research are proposed in a somewhat ad hoc manner, this reviewer asked if there
is a macro direction to this research. The reviewer asked what the “big research proposal/idea” is that is being
investigated. This person wondered if after supplying an initial body of data for simulation comparisons, is it
the responsibility of this project to continue to “educate” and calibrate CFD models, or, should this project go
on to investigate the next high-efficiency or emissions reduction concept.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:
This reviewer indicated that yes, the project aims to provide fundamental understanding of efficiency-
increasing and emissions-reducing concepts in LD diesel engines.

Reviewer 2:
This reviewer stated that the project by nature does, but observed that its present approach does not appear to
have the elements to make significant contributions to this objective.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
This reviewer commented that based on what has been accomplished in this project so far, the funding for this
project has been more than sufficient.

Reviewer 2:
This reviewer indicated that resources are sufficient.

Reviewer 3:
This reviewer observed that current resources are sufficient but future reductions would jeopardize output.

1-20 Advanced Combustion Systems



Reviewer 4:
This reviewer suggested that the team try to enlist more active participation from a technical expert in the

combustion-fuel-system-air management to help guide the work toward a place where a significant
breakthrough can be attained. Without this, this person indicated that it is unlikely that the team will continue

to produce data of little relevance.
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Figure 1-3 - Presentation Number: acs004 Presentation Title: Low-
Temperature Gasoline Combustion (LTGC) Engine Research Principal
Investigator: John Dec (Sandia National Laboratories)

Reviewer 2:
This reviewer recommended running compression ignition (CI) combustion mode on candidate hardware to
better show baseline versus LTC results.

Reviewer 3:

The reviewer said that a 1.0 liter (L)/cylinder is large for a LD application and gives higher brake thermal
efficiency (BTE) than a more typical 0.5 L/cylinder. The reviewer wondered if the BTE data being provided to
the Autonomie simulations will be corrected for this effect. This reviewer noted that the project should also
keep an eye on combustion noise (CN), as CN should not have abrupt transitions during combustion mode
and/or load changes.

Reviewer 4:

This reviewer observed that aftertreatment implications have not been adequately considered because
hydrocarbon (HC) and carbon monoxide (CO) were not reported and exhaust temperature was stated to be
below typical catalyst light off temperature.
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Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:

This reviewer applauded the use of the uncertainty quantification (UQ) and wondered if this analysis can be
used to set requirements for parameters used to control the combustion phasing such as intake charge
temperature and pressure.

Reviewer 2:

This reviewer appreciated the very nice and detailed data; however, the level of detail presented in the figures
in the slides is far beyond what is needed to make the points covered in this review. The net result was that the
presentation was very hard to follow. The reviewer commends the PI for integrating and addressing the
uncertainty of the results into his analysis; however, it is not clear from the presentation what aspects of the
results have been subjected to the uncertainty analysis. This reviewer was uncertain of the fuel consumption
and efficiency performance of the results.

Working with the different stakeholders to make BTE projections was an important addition to the work. This
person wondered if estimates of the range of confidence of this projections would be helpful—for example,
what would the investigators think the uncertainty is of using a sequence of steady state points to evaluate the
performance over a driving cycle.

Reviewer 3:

More progress has been made exploring engine operation and improving indicated efficiency, but the vehicle
fuel economy estimate which compares the engine in an HEV application to a production Toyota Prius engine
is only 6% better in spite of a cylinder size double the Prius and being skip fired. This reviewer believed that in
the time that it takes for this concept to get to market, conventional hybrid engines will improve more than 6%.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
This reviewer observed that the interaction with the various stakeholders appears to be excellent.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:

The results presented are consistent with, and represent a very nice refinement of, the current understanding of
the approaches to controlling the combustion timing for GCI. This reviewer looks forward to when the
research moves into the optical engine phase of the project.

Reviewer 2:
This reviewer indicated that future work appears to be aligned with barriers to implementation such as controls
and transients.

Reviewer 3:

This reviewer suggested that future work should include sensitivity of the combustion behavior to boundary
conditions. For example, how much can the intake temperature or pressure vary from a typical set point and
still maintain combustion within the operating constraints of noise, knock, combustion phasing for efficiency,
and emissions. In addition, playing an audio recording of the engine running in the test cell at the AMR will
inform the audience of the sound that comes out of the engine at 5 MW/m?.
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Reviewer 4:
This reviewer was concerned that current proposed future research would not meaningfully move barriers to
LTC and suggested the team use an increased variety of hardware in experimental efforts.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:

This reviewer indicated that the project is very relevant for the DOE objectives. There is potential for a
significant fuel consumption reduction with this combustion approach, but there are fundamental challenges
that need to be understood. This work address that.

Reviewer 2:
This reviewer suggested that the project needs more hardware variety (fuel injected engine [FIE], pressures
and geometry, combustion chamber geometry, etc.)

Reviewer 3:
This reviewer commented that the predicted brake efficiency improvement is not large enough to be relevant in
the time frame that this concept could be implemented, so no petroleum displacement will result.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
This reviewer stated it seems that the PI is making good progress with the resources he has, or he has
appropriately adjusted the scope of his efforts to account for the funding and available physical resources.
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Figure 1-4 - Presentation Number: acsO05 Presentation Title: Spray
Combustion Cross-Cut Engine Research Principal Investigator: Lyle Pickett
(Sandia National Laboratories)

Reviewer 2:

The reviewer commented that by
measuring and understanding spray
characteristics, this work provides
information to link fuel spray and air mixing with the combustion and emissions process.

Reviewer 3:
This reviewer wondered how priorities are chosen for the experimentation at engine relevant spray conditions
for development of predictive computational tools.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:

This reviewer wondered how simulation contributions for ECN listed in the presentation were used. As stated
in the presentation, some simulations are Reynolds-averaged Navier-Stokes equations (RANS) and others are
large eddy simulation (LES). This reviewer also wondered how LES can be less expensive to define boundary
conditions used for more expensive simulations.

Advanced Combustion Systems 1-25



Reviewer 2:

The gas velocity measurement between plumes is a major result for CFD evaluation; however, the differences
among the measurement and the computations are quite large. This reviewer suggested conducting a more
detailed analysis of the uncertainties of the results and explanation of the differences.

Reviewer 3:

The reviewer said that progress has been satisfactory, but output can be increased. This reviewer found the
measurement of soot with the diffused back illumination method very interesting. In particular, the difference
between the environment (carbon dioxide [CO;] and water [H>O] versus oxygen [O2] and nitrogen) and the
effect of cavitation on soot both very interesting.

This reviewer wondered about work that was proposed last year to probe particulate formation at the tip of
gasoline injectors; it was not reported on this year.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
The reviewer noted that this project has close collaborations with software vendors, OEMs, and other research
institutions around the world.

Reviewer 2:
The reviewer commented that there is no question that the collaboration is excellent; however, care must be
taken to collaborate efficiently and not just for collaboration’s sake.

Reviewer 3:

The reviewer said that a clear case has been made for the degree of collaboration with others, particularly with
those developing models of spray behavior and effects of sprays on engine combustion. This has apparently
been criticized in the past, and was corrected here. This person agrees with another reviewer who pointed out,
however, that perhaps too much emphasis was placed on this aspect. The focus of the presentation should be
on your technical accomplishments, and while you must address collaborations, you should not be expected to
use your own valuable presentation time to promote or highlight modeling accomplishments.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:

The reviewer finds the new high-throughput spray facility particularly interesting and exciting. There have
been results from the SNL spray bomb for many years, and now there will finally be better results with
improved understanding of uncertainty/repeatability. The reviewer wondered what the fate of the spray bomb
is, and asked if the new facility makes the spray bomb obsolete, or will you continue to do work in that
chamber.

Reviewer 2:
The reviewer asked if the project PI is planning to leverage the particulate formation for GDI systems from the
project ACS001 regarding multiple injections.

Reviewer 3:

The reviewer suggested that the investigation of particulate formation in GDCI engines be given very high
priority, especially with regard to soot from large droplets produced when the pintel closes at the end of
injection.
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The reviewer also recommended a further study of the collapsing behavior of gasoline multi-hole sprays. Other
variables that are of great interest to the industry are the back pressure, the conicity of the nozzle, the pitch
diameter of the circle where the holes are located, and the number of holes.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:
The reviewer noted that the collaborative research from this project through ECN accelerating CFD model
development supports overall DOE objectives of petroleum displacement.

Reviewer 2:
The reviewer stated, yes, the project provides fundamental understanding of the behavior of sprays as well as
data for improving CFD models.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
This reviewer observed that the budget is high but justified, considering the extent of the work that will be
done.

Reviewer 2:
This reviewer suggested that it would be beneficial to split and allocate resources for labor, testing, simulation
resources, and miscellaneous items, such as travel, for further understanding of overall resource sufficiency.

Advanced Combustion Systems 1-27



Presentation Number: acs006
Presentation Title: Gasoline
Combustion Fundamentals
Principal Investigator: Isaac Ekoto
(Sandia National Laboratories)

Presenter
Isaac Ekoto, Sandia National
Laboratories

Reviewer Sample Size
A total of four reviewers evaluated this
project.

Question 1: Approach to performing
the work—the degree to which
technical barriers are addressed, the
project is well-designed, feasible, and
integrated with other efforts.

Reviewer 1:

The reviewer noted that the approach of
conducting basic screening tests in an
optical calorimeter plus tests in a new
engine capable of operating under low-
temperature gasoline combustion
(LTGC), dilute spark ignition (SI), and
boosted SI seems reasonable.

Reviewer 2:

This reviewer stated this was a good
approach to determine the physical
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Figure 1-5 - Presentation Number: acsO06 Presentation Title: Gasoline
Combustion Fundamentals Principal Investigator: Isaac Ekoto (Sandia
National Laboratories)

The reviewer commented on the good work done to close out the negative valve overlap (NVO) study, even

though results did not improve efficiency.

Reviewer 4:

The single cylinder engine combustion system is a relevant system to conduct these experiments of lean
combustion; however, the ignition process is being studied to a great amount of detail. The reviewer suggested
that perhaps the project should adopt a more pragmatic approach to studying ignition systems.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated

progress towards DOE goals.

Reviewer 1:

The reviewer commented that progress seems to have improved with the test cell revamp.
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Reviewer 2:
The reviewer noted that the ignition system behavior measurements provide insight into their fundamental
operation and should identify areas of improvement.

Reviewer 3:
The reviewer stated that there was good progress on identifying failure modes on low-temperature (LT)
plasma, but the team needs to develop plans to quickly identify the go/no-go decision points on this approach.

Reviewer 4:

While the quality of work is good, the pace of work is not and progress has been very slow over the last 3-4
years. The transition from NVO homogeneous charge compression ignition (HCCI) to ignition system research
has taken a long time. This reviewer wonders if there a way to accelerate the pace of work and results in the
future.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
This reviewer observed several industry collaborations with OEMs and suppliers (GM, Ford, Fiat Chrysler
Automobiles [FCA], Cummins, and Mahle) and collaborations with three universities.

Reviewer 2:
This reviewer stated that the collaboration is good.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:
This reviewer stated that the proposed plans seem reasonable.

Reviewer 2:
This reviewer suggested that future work should focus on the fundamental measurements of the ignition
system to provide detailed information for ignition system sub-models for combustion simulations.

Reviewer 3:

The reviewer asked what will be different about this turbulent jet ignition project from the one just concluded
by Mabhle a year ago. The reviewer also asked if the main barrier to lean combustion is extended dilution
tolerance or lack of a cost-effective lean aftertreatment system.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:

This reviewer indicated that, if successful, new/improved ignition systems have the potential to enable to
modes/methods of engine operation not currently possible with conventional systems and thus improve engine
efficiency and fuel economy.

Reviewer 2:
The reviewer commented that the ignition system behavior measurements provide foundational information for
engine combustion simulation tools that are important for engine developers to improve engine efficiency.
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Reviewer 3:
Yes, it does. However, the reviewer also noted that quantity of work over the last few years has been minimal
and has had minimal impact.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
The reviewer commented that funding should be increased to accelerate progress on ignition system behavior
measurements.

Reviewer 2:
The reviewer noted that the project is making faster progress so resources seem adequate.

Reviewer 3:
The reviewer stated that the project is overfunded when compared with the pace of work reported over the last
three to 4 years.
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Figure 1-6 - Presentation Number: acsO07 Presentation Title: Large Eddy
Simulation (LES) Applied to Advanced Engine Combustion Research
Principal Investigator: Joe Oefelein (Sandia National Laboratories)

Reviewer 2:
The reviewer commented that LES is
applied to provide unique insight.

Reviewer 3:

The approach of developing and applying detailed first-principles models for complex in-cylinder processes is
excellent; however, it probably will take a long time before it can actually simulate something close to engine
spray and combustion. The reviewer observed that it would probably be beneficial in the process of developing
to also utilize the tool to conduct detailed numerical experiments to supplement data for model verification and
development in the cases that experimental measurements are very difficult or inaccurate.

Reviewer 4:

The reviewer noted that the technical barriers are well identified. Individuals in the field agree and understand
that the LES can predict the physics with much higher accuracy than current engineering code; however, the
project needs a plan to make this computational tool more viable for engineering. In other words, is there a
way to relieve computational requirements without (or with minimal) accuracy compromise.
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Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:
The reviewer congratulated an excellent accomplishment and stated that the content covers the declared
milestones well.

Reviewer 2:

The reviewer observed that project details regarding a cascade of nonlinearity coupled interactions highlights
liquid injection and combustion and also, all the different efforts and studies that are being worked on for
achieving the objective.

Reviewer 3:
The reviewer wondered how more funding would meaningfully affect progress.

Reviewer 4:

This reviewer understands that this research is advanced and very difficult, so the small progress relative to
2016 is possibly due to a lack of resources. Nevertheless, the progress toward the main goal seems to be too
slow.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:
This reviewer commended the great list of collaborations and the clear direction for future plans but
recommends considering interactions with industry to address the on-going demand.

Reviewer 2:
This reviewer suggested that collaboration with industry partners would be useful for the overall advancement
of the project.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:

The plan is very clear with measurable and achievable goals. As indicated in the “Remaining Challenges and
Barriers” slide, the reviewer agreed it is going to be critical to define common area of interest across academia
and industry. This is going to take the current model based engineering to next level.

Reviewer 2:

The reviewer commented that the proposed optimal workflow for model validation and verification is
promising, but indicated concern that the computational barriers for the full up engine modeling using LES
may prohibit industry from embracing it.

Reviewer 3:

The reviewer stated that the future work on ECN diesel sprays will be constrained because collision
phenomena in diesel spray is important and the collision model implementation is not even proposed in the
future work.
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Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:

The reviewer observed that the project is working to develop a high-fidelity LES tool to explore conditions
where an experiment is not feasible, and/or deepen understandings of physics by decoding unmeasurable
details. This will surely help to extend our understanding and develop new designs.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
The reviewer complimented the PI on his organization of the project in that it appears well under control with
the given resources and budget.

Reviewer 2:

The reviewer suggested that adding more advanced computational staff would contribute to significant
progress in this research. More collaboration and coordination with academia and national laboratories may be
helpful as well.
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This project directly addresses technical
barriers related to fuel injectors and
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internal injector geometry) affect spray
behavior/characteristics. Overall, the
project seems well-conceived to this
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Figure 1-7 - Presentation Number: acs010 Presentation Title: Fuel Injection
and Spray Research Using X-Ray Diagnostics Principal Investigator:
Christopher Powell (Argonne National Laboratory)

Reviewer 2:

The reviewer complimented the unique capabilities of the project and noted that combining X-ray imaging
with neutron imaging gives a very thorough measurement of the injector important for CFD. This person
suggested that the project should focus on, and name as a goal, the ranking of injector features most important
to the spray and ultimately combustion and emissions.

Reviewer 3:

The project covers a number of areas on interest and the reviewer complimented the authors for doing a very
good job describing a number of flow patterns; however, the approach is very one-dimensional and takes place
in an apparent vacuum. This person suggested that some of the areas studied need to be put into much greater
focus.

For example, on their first project, concern of cavitation and erosion could be accompanied by examination of
existing hardware nozzles showing (or not) the severity of the cavitation issue, correlated with usage (e.g.
vehicle miles); the drift over the original calibration; and examination across a small sample size, etc. This
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work may prove to be key to the diagnostics provided. The use of krypton to capture the flow reversal is
insightful.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:
The reviewer commented that there was great improvement in the resolution of the X-ray technique.

Reviewer 2:

Clearly the project has made good progress, but the reviewer wondered about the listed accomplishment
related to “ducted combustion” work at SNL. This person observed that although it was mentioned once or
twice later, the presenter more or less swept right past this in the presentation and it was not clear how this
aspect of the project contributes to DOE goals and objectives.

Reviewer 3:

The evaluation of the effects of geometric variability on fuel mass variability is very valuable; however, the
linear equation used for the correlation between geometric variability and fuel mass variability might not be
appropriate because the correlations are relatively weak, especially for hole inlet and outlet corners. This
reviewer stated that the effects of the corners have been demonstrated to be important in previous research, but
the effects were not clearly shown in this research.

Reviewer 4:

The reviewer observed that the accomplishments rely on reporting of imaging exercises. The information is
insightful, such as the cavitation and geometric variability on the ECN G-spray injector; however, this person
noted that the report is rather limited and seems to need the guidance from an experienced combustion and
engine engineer. The reviewer suggested that the project put both the cavitation and geometric work in much
greater perspective and asks that the presenter see notes on erosion and cavitation. The ECN G-spray
geometries could have been (should have been) correlated with both the geometrical tolerances of the parts and
to the flow specifications. This may point to what hardware is evaluated.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:

The collaborations are very well described here but this reviewer would note agreement with another reviewer,
however, that the discussion of collaborations was quite extensive and approached too much. This was clearly
a response to reviewer comments from previous years, but it is not the PI’s job to highlight accomplishments
of others (i.e., modelers in this case).

Reviewer 2:

The reviewer suggested that the collaborative team be expanded to include a member or members to help steer
the work to a more practical and industrial framework. This person asks the project members to refer to the
earlier discussion on cavitation and manufacturing tolerances.

Reviewer 3:
This reviewer recommended a continued pursuit of collaborations with injector suppliers.
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Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:
The reviewer commented that the multiple direct injection (DI) impact on fuel spray is good.

Reviewer 2:
The reviewer suggested that a thorough review of the project would help direct its work to a more practical
level.

Reviewer 3:

The reviewer noted that proposed future work comes across as incremental. This may reflect the somewhat
lower budget, but it seems as though one of the major parts of future work is simply to support other VTO
projects.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:
This reviewer stated this project could play a lot more effectively to supporting the DOE goals; as is, however,
this work will have limited applicability.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
This reviewer complimented the impressive progress made with a limited budget, noting that resources for this
project are extremely expensive.

Reviewer 2:

The reviewer commented that the upcoming year’s budget is significantly lower compared to the previous
year, but the proposed upcoming work is also somewhat more limited, so it is probably a good match between
the budget and expected milestones.

Reviewer 3:
The reviewer recommended the team seek an experienced engine-combustion-fuel system specialist to help
them guide their work.
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Presentation Number: acs011 Numeric scores on a scale of 1 (min) to 4 (max) = This Project @ Sub-Program Average
Presentation Title: Advances in High-  |**°
Efficiency Gasoline Compression

Ignition 3.50
Principal Investigator: Steve Ciatti
(Argonne National Laboratory) 3.00
Presenter 250
Steve Ciatti, Argonne National

Laboratory 200
Reviewer Sample Size 150
A total of five reviewers evaluated this
project. 100

Question 1: Approach to performing 0.50
the work—the degree to which
technical barriers are addressed, the 0.00 ) _

prOjeCt iS We"-deSigned, feaSible, and Approach AooomLﬁzr‘]mems Collaboration Future Research Weighted Average
integrated with other efforts.

2.90 3.00 2.80 2.90

Relevant to DOE Objectives Sufficiency of Resources
Reviewer 1:

The reviewer noted that the approach of
conducting parametric engine studies of
sweeps of start of ignition (SOI), split
ratio, injection pressures, and exhaust
gas recirculation (EGR) rates is an
excellent way to provide better
understanding of GCI fundamentals and

how to improve performance. Ves
100%

Insufficient
40%

Sufficient
60%

Reviewer 2:

The reviewer commented that the
project is well-designed and well-
integrated with other efforts (academia,
national laboratories, and industry) that
investigate GCI on a multi-cylinder engine setup under conditions representative of actual engine applications.

Figure 1-8 - Presentation Number: acsO11 Presentation Title: Advances in
High-Efficiency Gasoline Compression Ignition Principal Investigator: Steve
Ciatti (Argonne National Laboratory)

Reviewer 3:

The reviewer observed that the project’s approach seems to look for local optimums in engine performance by
sweeping injection timings or studying the effect of EGR and that the project is also studying particulate
matter (PM) morphology.

This person wondered if such an approach will solve the challenges of LTC, for example: lack of adequate
crank angle position at which 50% of heat is released (CA50) control, challenges in transient control,
challenges in switching between combustion modes, high combustion noise, high HC and CO emissions, need
for a lean-oxides of nitrogen (NOx) exhaust aftertreatment system, challenges in cold operation, limited speed
and load range, low exhaust temperature, etc.

Reviewer 4:
The reviewer commented that the GM 1.9 L engine may not be most appropriate platform for future use.
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Reviewer 5:

The reviewer noted that it appears the project is exploring DI calibration space to optimize a given GCI
combustion approach. This person observed that the attribute constrained efficiency is quite poor, though
relative to a conventional diesel for instance and recommended the team identify an approach that results in a
go/no-go decision on the concept.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated
progress towards DOE goals.

Reviewer 1:

The project followed its milestones and the outcomes are in line with current DOE program goals regarding
vehicle efficiency and emissions. The reviewer noted that it seems that a lot of the issues or barriers were
hardware dependent and would like to see more about how these barriers translate in real engine applications
that can use various technical approaches (due to cost restraints).

Reviewer 2:

The reviewer commented that the tasks have been completed in a timely manner but notes that the higher brake
specific fuel consumption (BSFC) values at the target values for combustion noise (less than 90 A-weighted
decibels [dBA]), filter smoke number (FSN; less than 0.5), HC plus NOx (less than 4.0 g/kW-hr) and CO (10.0
g/kW-hr) are a concern.

Reviewer 3:
The reviewer wondered if enough of the calibration space has been mapped to allow a multi-parameter model
and optimization.

Reviewer 4:

The reviewer was disappointed with the reported BSFC values and noted that one reason given was a turbo
charger that might need some optimization. The other reason noted was related to meeting United States
Council for Automotive Research (USCAR) guidelines on combustion noise and other engine out emissions
targets. This person wondered if this means that this combustion concept is no longer a viable concept for LD
commercialization.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:

The reviewer observed some collaboration with industry (GM and Eaton) and commented that the presenter
also mentioned members of the AEC MOU, but noted there was no information given on the extent of the
collaboration with those members other than the two meeting presentations per year.

Reviewer 2:
The reviewer suggested collaborating with domestic institutions also, as there are multiple research groups in
U.S. academia that have similar interests.

Reviewer 3:
The reviewer wondered if there is any collaboration with a LD OEM that is willing to put such a concept into
production someday.
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Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:

The reviewer highlighted that future research continues the PI’s excellent GCI work up to this point. The
reviewer suggests solving the turbocharger issue under current budget limitations and would also like to see
more collaborations for future optical investigations with U.S. universities that have similar or complementary
optical facilities. This is important to support and maintain all the GCI work that is performed in the United
States under current budget limitations.

Reviewer 2:

Continuing the work to understand how GCI can be optimized is important. The results presented suggest that
engine efficiency values have dropped when the targets of noise (less than 90 dBA), FSN (less than 0.5), HC
plus NOx (less than 4.0 g/kWhr), and CO (less than 0.0 g/kWhr) are applied. The reviewer stressed that
determining how or whether engine efficiencies can be approved in GCI is critically important, much more
important at this point than characterizing the structure of the soot that is formed.

Reviewer 3:
The reviewer suggested that perhaps future work should be focused on proving why this concept may not be
promising for LD commercialization.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:
The reviewer stated that the project is well aligned with the overall DOE objectives of improving
transportation efficiency and reducing the environmental effects.

Reviewer 2:
The reviewer noted that, if successful, GCI should improve engine efficiency, thus improving fuel economy
and reducing fuel/petroleum consumption.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
There was no indication to this reviewer that resources are not sufficient to accomplish the milestones.

Reviewer 2:

The reviewer commented that novel experimental work requires a good funding stream, especially when the
project needs good hardware to accomplish the outcome or when collaborations are required (e.g., student
support at ANL, but understands the budget limitations.

Reviewer 3:
The reviewer suggested expansion of experimental efforts across additional combustion systems (effects of
swirl versus tumble on LTC, etc.).
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Presentation Number: acs012
Presentation Title: Model
Development and Analysis of Clean
and Efficient Engine Combustion
Principal Investigator: Russell
Whitesides (Lawrence Livermore
National Laboratory)

Presenter
Russell Whitesides, Lawrence
Livermore National Laboratory

Reviewer Sample Size
A total of four reviewers evaluated this
project.

Question 1: Approach to performing
the work—the degree to which
technical barriers are addressed, the
project is well-designed, feasible, and
integrated with other efforts.

Reviewer 1:

The reviewer commented that the fast-
chemistry solver is critical to advance
the state-of-the-art in engine simulation
and indicates the project is well
designed, feasible, and very well
integrated with others.

Reviewer 2:

The reviewer stated that the UQ and the
graphics processing unit (GPU)
acceleration work that the project is
doing are very useful for building
confidence in simulation and reducing
overall simulation turn-around time.

Reviewer 3:
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Figure 1-9 - Presentation Number: acs012 Presentation Title: Model
Development and Analysis of Clean and Efficient Engine Combustion
Principal Investigator: Russell Whitesides (Lawrence Livermore National
Laboratory)

The reviewer described the uncertainty analysis strikes as essentially a gauge repeatability and reproducibility
(R&R) for simulation and experimental work and wondered if it is possible to rank the variables having the
most influence on the model predictions or experimental measurements.

Question 2: Technical accomplishments and progress toward overall project and DOE goals—the degree
to which progress has been made, measured against performance indicators and demonstrated

progress towards DOE goals.

Reviewer 1.:

The reviewer indicated that the work being done to reduce the computational time for chemical kinetics in
collaboration with ACS076 is essential for the engine community to adapt the details chemical kinetics.
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Reviewer 2:

The reviewer commented that the new algorithms dramatically improves the computational speed and the work
related to uncertainty analysis is very valuable. This person recommended that the PIs provide guidelines to
reduce uncertainty.

Reviewer 3:
The reviewer recommended that as the team members employ chemistry to the CFD, they should note that the
predictions of engine out emissions (HC and NOy) are not as important as efficiency.

Question 3: Collaboration and coordination with other institutions.

Reviewer 1:

The reviewer commented that the project is, overall, well connected with industry to commercialize the solver;
however, the reviewer noted that CONVERGE is a commercial software and wonders if there is a plan to make
the solver more widely available to others.

Reviewer 2:

The collaboration with industry, laboratories, and software vendors that is being pursued for the project is
good, but the reviewer indicates that a combination of central processing unit/GPU optimization may be
necessary for CFD run time reduction.

Question 4: Proposed future research—the degree to which the project has effectively planned its future
work in a logical manner by incorporating appropriate decision points, considering barriers to the
realization of the proposed technology and, when sensible, mitigating risk by providing alternate
development pathways.

Reviewer 1:
The reviewer compliments the well-designed plan for the CFD work, the future plan is well designed, but
wonders about the uncertainty analysis.

Reviewer 2:
The reviewer indicated that the PI’s fiscal year (FY) 2018 proposed work of UQ in reacting flow CFD sounds
interesting.

Question 5: Relevance—Does this project support the overall DOE objectives of petroleum
displacement?

Reviewer 1:
Yes, this reviewer agreed that the project supports the overall DOE objectives of petroleum displacement and
states that CFD tools will play a more and more important role in future engine development.

Question 6: Resources—How sufficient are the resources for the project to achieve the stated milestones
in a timely fashion?

Reviewer 1:
The reviewer indicated there are sufficient resources for the project to achieve the stated milestones in a timely
fashion.

Reviewer 2:
The reviewer noted that combining with ACS076 and a reduced budget will reduce output.
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