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A physical-based approach for modeling cycle-to-
cycle variations within a zero-dimensional/
one-dimensional simulation environment

Philipp Krost, Walter Hiibner and Christian Hasse
From IJER vol.19, Issuel January 2018
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Table |. Deuils of the investigated combustion processes.
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Combustion process detail  Conventional engine Miller engine

Stroke/bore ratio 1.15 1.49

Compression ratio 10.2 1.7

Expansion ratio 10.2 183

Intake port type Tumble port Power port (target: high intake charge)
Exhaust turbocharging Twin scroll concept Naturally aspirated

Intake valves strategy

Exhaust valves strategy
Load control

Injection system

Valvetronic: variable valve timing, continuous
variable valve lift and valve phasing (valve lift
difference) at low valve lifts

Variable valve timing and maximum valve lift

Intake valve lift and timing, throttle and
wrbocharger waste gate strategy
Homogeneous, stoichiometric high-precision
direct injection system with an injection
strategy synchronous to induction

Fixed early valve closing and fixed Miller valve lift

Fixed valve timing (achieving low residual gas rates
by low valves overlapping) and maximum valve lift
Pure throtte strategy

Homogeneous, stoichiometric port fuel injection
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Table 2.
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0o00odooonO 015mm OO OO O Physical
limit(=2sigma)] 0.3 mm 000000 0O0O0O0O 10
ooooooooo

Integration of physical causes in the new CCV model.

Physical cause

Impact on physical value

Intake flow, shear effects
Global flow structure
Convection at spark plug
Local flow velocity
Flame—wall interactions

TKE production term
Integral length scale
Flame kernel size

Flame kernel eccentricity
Flame quenching distance

TKE: turbulent kinetic energy.
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To comply with the 2010 U.S Environmental
Protection Agency (EPA) emissions regulations,
heavy-duty diesel companies developed the
Selective Catalytic Reduction (SCR) technology
as a method to reduce nitrogen oxides (NOx)
emissions in diesel exhaust gas. Laboratory
tests produced promising results indicating that
the SCR reduce NOx

emissions sufficiently to meet the standards

technology could
while delivering optimal performance and fuel

efficiency.

The on-highway diesel engine and vehicle
manufacturers presented the EPA with SCR
technology as their approach to comply with the
emissions regulations. However, the EPA was
reluctant to accept the manufacturer’s SCR
approaches because of concerns about
requirements for periodical maintenance and a
national infrastructure of urea solution which
would have to be developed from the ground up.
Instead, the EPA indicated their preference for
a lean-NOx catalyst technology that would not
require the periodical maintenance or new

infrastructure.

The SCR system uses aqueous urea based on
nitrogen as a necessary reducing agent that
enables catalytic converters to break down NOx
in diesel exhaust gas. Aqueous urea is
consumed at a small fraction in proportion to
consumption of diesel fuel; hence, the storage
tank needs to be replenished periodically to
ensure proper operation of the SCR system.
Compared to the lean-NOx catalyst system,
however, the SCR system is more suitable for a
heavy-duty diesel engine than a light-duty

diesel engine because of its superior durability
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in the diesel exhaust gas environment for the
substantially longer useful life mandated for a

heavy-duty diesel engine.

DEF Tank

SCR Catalyst

Curtsey of Diesel Net

Another advantage of the SCR system over the
lean-NOx catalyst is its fuel efficiency. It is
crucially important for a heavy-duty diesel
engine to be fuel efficient because fuel efficiency
business in the U.S.
which

hundreds of heavy-duty trucks which consume

directly affects

transportation industries operate
about 20 percent of all transportation fuel in the
U.S. Thus, NOx reduction technology that
would not negatively affect fuel economy was
most attractive to the heavy-duty diesel engine

manufacturers.

The EPA did not totally reject the idea of using
the SCR technology for heavy-duty diesel
Rather, the EPA issued their

guidance, after thorough discussion with the

engines.

industry representatives, addressing their
concerns about urea infrastructure, freedom
from tampering, a driver warning system, and
other issues in bringing clean diesel engine

technology to North America. Namely, the

EPA mandated emissions compliance while
keeping their position neutral in technology
selection in accordance with the U.S. antitrust
law. Antitrust laws are the laws that apply to
virtually all industries and every level of
business, including manufacturing,
transportation, distribution, and marketing.
They prohibit a variety of practices that

restrain or reduce the competitive vigor in the

marketplace. In this case, the stakeholders
related to diesel engines, vehicles, and
equipment manufacturing products are

particularly influenced if the EPA mandates one
Therefore, the EPA
stance was only to provide the diesel engine
their about SCR

technology over another.
manufactures guidance

technology.

The Truck & Engine Manufacturers Association
(EMA) is the industry trade organization
managed by Chicago Law Partners, LLC, a law
firm in Chicago. The EMA periodically
with the EPA staff about

requirements and

communicates
upcoming regulatory
negotiate terms and conditions for the members
from worldwide diesel engine manufactures.
The EMA attempts to hold a neutral position
between the industry and the government.
The participating companies pay the EMA fees
for their operation and fund the EMA-managed

projects elected by the members.

The EMA, upon their members’ suggestions,

took initiative to organize stakeholders
potentially involved in the SCR technology
development and associated business. The
EMA staff and members shared their thoughts
about

and continued discussions
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of SCR
regulatory requirements with the EPA. The

implementation technology and
stakeholders included urea suppliers and retail
business organizations as well as diesel engine
and component manufactures of all applications,
e.g., trucks, passenger cars, and non-road
The EMA staff and members

stakeholders

equipments.

approached some and trade
organizations of related industries other than
diesel engine manufacturers and presented
SCR technology to encourage their cooperation.
To be consistent with the application of urea for
the SCR system, the working group named
aqueous urea as “Diesel Exhaust Fluid” (DEF)

(Add Blue™ in Europe).

Curtsey of KleerBlue™ DEF Storage &

Dispensing Systems

I accompanied the EMA staff on a visit to a
truck stop company with a network of truck
stops throughout the U.S. One concern most
retailers presented was whether the SCR
technology would be the mainstream emissions
future  trucks.

control  technology for

Otherwise, the retailers could not commit to

investment of resources to build a facility for

storage space, store display space, and

dispenser units. The suppliers were also
concerned about the production volume of DEF

in terms of break-even and profit.

Thus, the EMA hired

TIAX, a consulting firm, to produce a business

It’s all about business.

plan for DEF businesses including the supply
network of raw material and retail products.
Based on the historical cost data of various
products, the cost of urea was estimated, and
the size of business was projected for the
foreseeable future. Extensive discussions
were held among the stakeholders, and the
EMA led the effort to bring everyone on board to
share ideas and concerns. During the course of
the project, the EMA had a meeting with the

EPA to report the progress.

While the EPA was encouraging the industry to
come up with a plan for both infrastructure and
regulatory requirements, they were trying to
match their own understanding with the
industries on SCR technology so that they
would be able to evaluate proposals from the
industries fairly. For this reason, the EPA was
active in acquiring laboratory results and
learning the latest technology developed for
SCR systems throughout the world. They
tested a diesel engine equipped with SCR
technology at both their own laboratory and the
laboratories of contractors such as national
universities, and  private
EPA staff used to call me to
of SCR technology

development in general without compromising

laboratories,
laboratories.
discuss the progress

proprietary information and we candidly

~14 ~



exchanged views and opinions.

Heavy-duty diesel engine manufacturers were
extensively conducting fleet tests to gather
information data from the SCR equipment
installed on a commercial truck operated under
real-world driving conditions. Simultaneously,
the manufacturers developed provisions to
ensure proper operation of the SCR system and
monitoring of the system to prevent tampering
and maintenance avoidance from occurring.
EMA members shared their own techniques and
engaged other members for discussion. The
most frequently discussed topics were
provisions to monitor DEF storage tank level
and DEF quality, a provision to limit vehicle
operation when the DEF storage tank level is
low, and DEF freeze protection. The
monitoring systems were electronically tied to
the onboard diagnostic (OBD) system, and
approaches were discussed among the EMA
members to determine the most cost-efficient
method to provide the vehicle driver real-time
information about SCR system functions.
Once consensus was reached on one subject, the
EMA scheduled a meeting with the EPA staff to
present the results and discuss the regulatory
requirements. The above process was
frequently repeated for each subject and
continued for an extended period of time until

all subjects were covered.

The industries focused on the importance of
sustaining fuel economy of diesel engines while
achieving the level of NOx emissions regulated

by the EPA and

accomplish the goal of developing commercial

invested resources to

products acceptable to both their customers and

the regulatory authority. These efforts
eventually convinced the EPA to include SCR
technology in the regulatory requirements.
The EMA and its members contributed to the
regulatory language. The draft regulatory
language was exchanged between the EMA and
the EPA to refine the content for clarity before
the EPA issued the proposed final regulations
for public review and input. The draft was
reviewed literally word by word to assure
accurate understanding between the industry

and the EPA.

When a new technology is introduced into the
U.S. market, the government pays attention to
the impact of the new technology in areas
including environmental impact,
environmental safety, and health concerns, for
example, and then develops new regulatory
requirements when deemed necessary. In the
case of SCR technology, it would have been less
burdensome on the industry if the EPA took the
lead in developing the DEF infrastructure with
a budget approved by Congress when the EPA
issued the 2010 exhaust emissions regulations.
But that is not how it works in the U.S. As
mentioned above, the government holds a
position when the technology 1is
On the

other hand, the industry understands the

neutral

developed for commercial products.

government’s neutral position and the trade
organization plays a significant role in bringing
the stakeholders into the discussion and
developing technical and business approaches.
Cooperation with thorough communication
among the stakeholders is a key element of
efficiently and effectively accomplishing the

entire task and eventually benefitting all
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stakeholders involved in the new technology.

A trade organization is funded by businesses of
various kinds that operate in a specific industry
and a non-profit organization governed by
bylaws and directed by officers who are also
members. Their neutral stance limits any
biased views and actions from the decision-
making process for the future direction of an
industry. A few members may have more
influence than others on the decision-making
process if the business size and contribution to
the organization vary among the members, yet
consensus is reached by including inputs from
all members regardless of business size,
contribution, and country of origin. Thus, one

member’s opinion does not necessarily
represent the opinion of the trade organization
even if that member holds the largest market
share and contributes more fees to the

organization.

It i1s of vital importance for all members of a
trade organization to communicate well with
each other in a timely manner to make a steady
progress toward shared objectives.
Representatives attending a meeting held by
the EMA always demonstrate active discussion
and debate

subjects of interest without

disclosing  their  respective proprietary

information. Skills to express one’s opinion
and share an idea are necessary for the
representative to develop discussion and
Thorough

discussion followed by an action leads to

exchange information with others.

substantial means for the participating

companies to justify joining the trade

organization. This level of communication is
believed to be essential in the early part of a
bottom-up process in the U.S to accomplish a
like the

technology as examined here.

project implementation of SCR
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