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Development of an ATS with enhanced AdBlue mixer
performance for future global emission standards

A simulation-led and field-informed AdBlue Mixer development methodology for RDE-compatible aftertreatment
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General Business - Tenneco Confidential

TENNECO GLOBAL NETWORK

Global team Globally networked Manufacturing sites Aftermarket
members engineering & worldwide distribution centres
technical centers
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General Business - Tenneco Confidential

TENNECO - DIVERSE PORTFOLIO

Engine emission control and acoustic
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India Snapshot

17 Manufacturing Plants
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Do we need just a
Mixer???



We need a Multi-Specialist Mlxer

Engineered to balance multlple performance requirements.

Lower
Deposit Risk

Lower
Backpressure

Compact
Packaging

High Ammonia
(NH3) Uniformity

@ @ @9 Multi-Injector

Compatibility
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General Business - Tenneco Confidential

WHY?

Regulatory and OEM drivers

«%) Regulations Performance Integration

* Lower NO, * NH; uniformity target * OEM packaging envelope
 CAFE * Nox conversion target * |njector position and spray cone
« RDE&ISC * Low-temperature operation * Serviceability

* Multiple injector compatibility

=52) Field Learnings Robustness {Qy@‘ System Efficiency
* Wider engine operating window * Maximum dosing rate * Pressure-drop target
* Real driving conditions * Deposit sensitivity » (Catalyst-volume reduction
* Thermal durability * Fuel-consumption and CO, impact

e Costoptimization
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Mixer Development Strategy

From Certification Points to Real-World Performance

BSVI DEVELOPMENT APPROACH

Component focused | Limited operating window

. Operating points
- Limited operating points

Operating Conditions
Steady-state evaluation

ﬁ Injector Strategy
Fixed injector strategy

m Dosing Range
Moderate dosing range

Development Focus
Component Optimization

Catalyst Volume
Conservative catalyst volume

Field data integration
Limited field data integration

vVVVVVVFVVFIYPY

RDE/FUTURE-NORM STRATEGY

Component focused | Limited operating window

o8 .
T | coeess’ E)gtended engine-map coverage
5 s _ Wider operating window (RDE)

‘\/\/\"\/W“' Transient and real-world evaluation
Dynamic engine operating conditions

J 9 e Multi-injector compatibility
A s Supports various injector types, spray angles and

soeassr Sames

3. Wider and higher dosing range
- /2 Covers full RDE operating window

= Complete ATS optimization
Mixer, catalysts, thermal and control integration

Higher catalyst utilization target
Enable optimized substrate volume

Field-informed development loop
Real-world data drives continuous improvement
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1. Expanded Engine Map Coverage

® BSVI
BSVII

Temperature (°C)

Additional operating points added for mixer design

Real driving conditions
System robustness
Optimized DEF Dozing
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Complicated Mixer Development

Performance required across wide range of operating conditions

BSVI VS BSVII Operating Points — OEM 2

Mass Flow Rate (Kg/h)
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2. Compactness required to accommodate additional elements

DEF Injector

4
BSVI/EUVI - = Engine
ATS ARCHITECTURE Mixer
SCR Catalyst Diesel Diesel et .
Particulass: Oxkiefian Additional pre-dozing/
CSTU/ E-Heater added to
meet the stringent NOx
LS requirement
: | \@m,
1
= D -
3 a— < 4 -
verall ATS length
Dual-Dozing CSTU Dual-Dozing O . _S 8 . S_hOUld
T~ ot~ T I o be optimized to fit in the
N ! : : L | vehicle packaging
BSVII/EUVII B ! == 2 i
b o o - | I_ —— — — l | I ———
ATS ARCHITECTURE <7 A
Dual-Dozing
Electric Heatwl ST T -; e
[y W TN Backpressure of additional
1 N L .
80 BE i substrate/Mixer/Heater
\ \ I Mixer I
L S — —— = must be accommodated in
=7 the system
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3. SCR optimization to meet cost target

SCR Catalyst
DEF Injector

N
— * SCR Cost

Reduction

DEF Injector

e a4 SCR Volume
£ Reduction
Mixer
SCR Catalyst o Diesell ODice'zsel SCR SCR
articulate idation L. A
Filter Catalyst Optimization Utilization
Improvement
Improved
NH3 Ul at SCR
Improved
Mixer
Performance
NH3 Ul @ SCR: 0.95 NH3 Ul @ SCR: 0.99
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General Business - Tenneco Confidential

What is AdBlue Mixer?

Initial droplet size

Bigger Droplets

Spray Region

Primary Break-up
Course Droplets

AN
b 2 T T

Secondary Break-
up Fir]e Droplets Spray
N T Formation

0o’ %o Ve% o 0 0 00 |
*ee ®ee Y00 e’ * «%ee Spherical Droplets
Pe®e® % ®%%e =0 0%, Evapbration

O ___________ J
\ Completely evaporated droplet

Injection

¢ Injection of liquid urea into the exhaust system

Spray/Gas Mixing
* Atomize droplets and mix them with exhaust gas while minimizing wall
wettingin critical areas

Droplet Evaporation
¢ Withinthe flow (preferred) OR
¢ Onhotsurfaces (less deposit risk)

Urea Processing

Thermolysis: Urea converts into gaseous NH3 and HNCO
Hydrolysis: HNCO reacts with water to gaseous NH3
Mixing: NH3 to be homogeneously mixed with exhaust gas

Flow & NH3 Uniformity

¢ NH3distribution must match NOx distribution over SCR surface

TENNECO



o o Vg SS9l All Mixers shown below are
M IXer AI"C h ItECtU res ."!,n 3l patented by Tenneco

Close Coupled + Underbody ATS Close Coupled ATS Inline ATS

Two Stage

Mixer Double Swirl

Mixer

Rasp & Bowl

Stairway Mixer Mixer

U or C Shape ATS
End Can Mixers

=)
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General Business - Tenneco Confidential

Case Study: NextGen Double Swirl Mixer

Mixer Development Methodology

f Customer Voice &

J

/ Data Collection
Mixer Concept / - Simcenter

Preparation | Simcenter STAR-CCM+
7 CFD Simulation &

/‘ Parameter Optimization
/

- T

Siemens Digital Industries Software

P
25 CATIA

Promising Mixer Concept
Selection

4 Flow Bench

| Testing (Inhouse)
Best Concept Selection f 4 /
&

Validation with OEM Optimized Mixer Design
— (Tested and Validated)

TENNECO s



General Business - Tenneco Confidential

Customer Voice &
Data Collection

BSVI VS BSVII Operating Points
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0 200 400 600 800 1000 3 Common Mixer
Mass Flow Rate (Kg/h) s Platform i
Operating Points Injector characteristics Mixer serviceability, modularity,
and spray data Scalability and packaging requirement
Consolidation collection gathering
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General Business - Tenneco Confidential

Mixer Concept
Preparation

L 1. Mixer \ 2. Performance 3. Critical 4. Mixer concept

> Architecture > Critical Parameter Operating Point g preparartion with variation
/ Selection / Selection / Selection of critical parameters
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General Business - Tenneco Confidential

CFD Simulation &
Parameter Optimization

> Base Concept Simulation & Result Analysis >

Flow Profile

p
a4
W -

Base Mixer

Study the effect of various features >

Mixing Pipe

Mixing Tub

S Plate

Support Plate

>

Identifying the features with high
correlation & fine tuning

ey
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Promising Mixer
Concept Selection
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Manufacturing
Complexity

Deposition Risk
Mixer Backpressure

Compatibility with
multiple Injectors

Mixer Concept 1

Mixer Concept 2

Mixer Concept 3 Proze N
PATENTED

e
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General Business - Tenneco Confidential

Flow Bench Testing
(Inhouse)

Test Setup

Standard databage reponts in POF

DO

For flow and NH3 Ul Measurmant
is done after SCR

For Urea deposition — SCR ns per
|complate systm is included

Base tatibs
Allcwed mevament in X and ¥ direction

All massure. 4 data

Test Results

Back Pressure Testing
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General Business - Tenneco Confidential

Best Concept Selection &
Mixer Validation with OEM

Mixer
Backpressure
Complexity
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Concept 1 got selected based on the
test results and other merits on
customer specific requirements : MaxerConcaptil

Mixer Concept 2

Mixer Concept 3
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Tangible

Outcome

Gen2 DS Mixer - Summary

High NH3 Uniformity
>0.99 NH3 Ul on all OPs

Lower deposit Risk
Wall Impingement is very low,
No Deposit observed (n testing

Lower Backpressure
35% Reduction

9 Compact Packaging

——\®@99)]  Serviceable design of Mixer with same ATS

length

Multiple Injector Compatibility
Bosch (9 bar, 7.5bar, 5bar), Cummins UL 2.2

Improved Fuel Reduction in DEF
Efficiency Consumption

NH3UI comparison w.r.t MFR & Dozing

0.99
0.985
0.98
0.975
0.97
0.965
0.96

NH3UI

Serviceable
Mixer Design
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Gen2DS 35 —
e S

ase

2.5 g
-
15-5
1 ()
05 ®©
et
0 5
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Mass Flow Rate (Kg/Hr)

Serviceable > Mixer & SCR Assembly

Same Mixer for

Multiple Vehicle
Platforms
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