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1. Objective

EvansCooling Systesll nc. ( 0OEvanso) manuf ac tengimeolanss ¢ 0 mg
for stationary power, automotive, racing and transportation applicatlods)g a heavy duty
formul a cdqgl dsstBtrg@drdieEvansvaterless coolarn conjunction with a
OResistorPaco6 pl aced elatore seesmnaleles thevfushving dtrdtegyy ¢ o o
of elevating the temperature at which the fan act&at@ss haperformed a variety of tests to
guantify the benefits of this product under various enguediote speed and load conditions in

the pastand now seeks definitive updated fuel consungttbemissions test results to share with
government and industry from an independent thirdfpaying standardized-use testing

protocols. As such, the compaegeivedhe services dmisstar LLG 0 Emi s guamtilyé) t o
HDF product performance under actual real vadatation through the use of portable emissions

measurement systems (PEMS).

2. Test Description

EPA regulated criteria pollutantcafbon monoxide (CO), carbon dioxide {Ctrogen
monoxide (NO), nitrogen dioxide (NQotal hydrocarbons (THC), and fuel econasiyg CQ
and the carbon balance metheere measured usiaBEMSunit following a test cyctieveloped
specifically for this testing projethissection describeest vehicle specificatiotest cycle, test

location, andPEMStesting instrumentation.

2.1.Test Vehicle

For this test, one Classr@ckwas selected fromurphy Brown LLC fleeTable 1 exhibitest

t r u ah&ssissand engine information.
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Table 18 Test Truck Chassis and Engine Information

Category ‘ Type
Chassis
Vehicle Description Class ®aycab
Manufacturer Mack
ModelYear 2011
Engine
Manufacturer/ Year Make / 2011
Engine Model MP80 US07 415C
Rated HP 390 hp
Engine Family BVPTH12.8S01
Rated Engine Speed 1950 rpm
Displacement 13
Emission Certification Values
NOx (g/bhp-hr) 0.11
NMHC (g/bhp-hr) 001
PM (g/bhphr) 0.003
CO (g/bhphr) --

* Test truck is equipped with Johnson Matthey Selective Catalytic
Reduction(SCR emissins reduction technology.

2.2.Drive Cycle Development

In order to minimize the effects of uncontrolled factors such as traffic stopping patterns on test
repeatability and subsequent emissions values measurement, an engineering decision was made
the progct team to devel@composite drive cycle that best represéneed t attivity unéted s
typical driving condition8. port abl e acti vity miastailedatiei ng sy

same trucko record vehicle activity during routine service tope@/er one week periodihe
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PAMS unit wa&PS enabled amé@pable of gathering engine parameters broadcasted through
engine ECU The unitrecordedhe following vehicle and engine information:

1- Date and time

2- Ambient temperature

3- Vehicle position

4- Vehcle speed (mph)

5 Engine speed (rpm)

6- Percent engine load (%)

7- Intake manifold pressure (kPa)
8 Pedal position (%)

9 Engine oil temperatur&)

10 Engine coolant temperatuf€)
11- Engine coolant pressure (kPa)

12- Engine intercooler temperatui€)(

Figure 1 provides a diagram of the test cycles established for this testhredemstcycle is
comprised of thremodes of Idle, @road with 58nphspeed, and PTO.
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Figure 10 Drive Cycle Developed from PAMS Data Gathered from Test
Truck in This Project

2.3. Test Protocol

The following test sequences were subscribed for this testing program in order to produce and
collect enough valid data foakating effects of thEvans HDF and ResistorRat emssions

and fuel economy duringi@ad and PTO test configurations:

- Baseline Test: in this test configuraterest truck was tested without the Hbr the
ResistorPainstalled.

- Installation othe Evans componentBvans Cooling installed the HDF and @H® ResistorPac
on the test truckfterthe Baseline Test

- Product Test: In this test phase, tituck was tested with the HDF and the Resistorgtatted

on the vehicle.
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Emission testmwas performed during each test mGaedad, tlle, and PTO) for multiple

repeats to make sure enough valid data has been gathered for statisticdle@iysiad st

was performedn one segment of highway which will be explained in next sEctitdie Test

was conducted at tkadof each Onroad Test repeat. BwPTO Test emission testing was

performed ahighidleRPMwith PTO engaged aacknown engine load subscribed on the engine

to ensure repeatability of the test cirigine load wsacreated using the vehicle's hydraulic pump
under PTO operation for simulated grabvementinstead otleliveringhe grain, it was returned

to the trailer in a continuous closed loop, so the grain volume and load would remain constant.
Emisstar operatithe PTO over three separate test runs, each lasting 15 minutes in duration. Data
outputs were recorded from the ECU to assure that engine load remained constant during each te

run.

2.4.Test location

As shownin Figure 20nroadPEMS esting took place tite Westboundnal Eastbound legs of
Interstate40, North Carolina. The test route was selected to minimize interfering traffic as much a
possibleand theelevation change throughout the test noatgreater than 50 feéthe truck was
operated at 55ph followed by idle speed and PTO testing.
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Figure 20 Test Location: Interstate40 North Carolina Stated Exit 363 to 374

3. Testing Instrumentation

Emisstar utilized one SEMTEAHS E mobi | e e mi shetésotmchto peovideby z e r

uniguecombination of fuel economy and emissions measur@imemtethod of testing using the
PEMS, SEMTECHDSE, is an EPA approved méhehod of
SEMTECHDSE is manufactured by Sensor s, | nc.
carbon balance of measured emissions. The SEMTESEHprovides continuous laboratory
guality analysis of key exhaust gas components, includingZROQ@nd THC. The
SEMTECHDSE has been used the EPA for fuel economy and emissions evaluatioresaldi
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trucks. The SEMTECIDSE uses an exhaust flow meter (EFM), together with pollutant

concentrations, to calculate instantaneous and total mass emissions. Fuel economy is calculated

using SAE Standard J1094a.

The SEMTECHDSE uses the exhaust flow dateasured and recorded from an extraosnted

exhaust flow meter (EFM), together with pollutant concentrations, to calculate instantaneous and
total mass emissions. Based on the emissions, speed and distance data, carbon balance fuel ecq
werecalculaté using the method outlined in SAE Standard J189%dax s or 0 s -EENE MT ECH

exhaust mass flowmeter, based on differential pressure across an averaging pitot tube, provides

means for mass emissions computations. The SEMEE®HUtilizes four separate di#éatial
pressure sensors with améwoing functions to achieve the necessary dynamicThage.
SEMTECHDSE unit used for this project was 40CFR Part ¢66fpliantThe compliance
check/calibrations were performed by Sensors, Inc, one week priando testi

Calculated emissions rates based on the various inputs are updated and disipieeyasingahe
LabVi ewE user i mweaelogded an® shoatd rémovaldevstordga media for
later analysis using a posicessing utility. All gasalyzers @vecalibrated and audited with NIST
traceable standards before tagure 4 is provideats a visual aid in documenting the actual test
instrument configuration utilized for theus®e test program on ttest truck.

l l SEMTECH-DS
® sensors, inc. e

VEATEDFILTER  HEATED LNE
0-Mpe
28
s,

ANALYZER

Figure 38 SEMTECH 8DSE Analyzer and Exhaust Flow Meter
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Table 26 SEMTECH-DSE Speci fications

Emissions Constituent Range Resolution Accuracy

CO; 0-20% 0.01% 0.1% or 3% of reading

co 0-8% 10 ppm | 50 ppm or 3% of reading
0-8% 0.001% | 3% or 0.02% of reading
0-100 pm 0.1 ppm | 2 ppm or 1% of reading

THC 0-1,000 ppm 1 ppm 5 ppm or 1% of reading
0- 40,000 ppm 1 ppm 10 ppm or 1% of reading

NO 0-2,500 ppm 1 ppm 15 ppm or 3% of reading

NO 0-500 ppm 1 ppm 10 ppm or 3% of reading

Warm-up time: 60 minutes

Sampleflow rate: 8 LPM

Ambient operating temperature: 2t040°C

Data capture rate: O 1 Hz

< -

Figure 43 SEMTECH DS and Exhaust Flowmeter Installed

4. Data Quality Assurance and Quality Control (QA/QC)nd Results

Data screening and quality assurance are procedures for reviewing data collected on board,
determining whether aagrors or problems exist in the data, correcting these errors or problems
where possible, and removing invalid data if errors or problems cannot be corrected. The goal of
data screening and quality assurance is to produce a database that contaan&wakdtdat
performeddata reduction and analysis, including determination of fuel economy and mass emissio
rates, antdasdocumengdthe results ithisfinalreport

©Emisstar LLC 201




On-Vehicle Performance Evaluation Testing oEtlens Waterless Heavy Du
Thermal Coolanttilizing PEM

EMISSTAR

Date:9 November 2011 Revision: Final Pagellof 15 J

4.1.0nroad Testing Results

Tables 3 and 4 summari@mroad testing resukghibitingtes duration total distanceraveled
overallfuelconsunption, fuel economy, and mass emissionga@®,, CO and THGn grams

per mile.For some reason, this testing program did not provide Emisstar a vahavN@taset

for analysis. Emisstar bedis\that several external factors may have influenced the validity of NO

values.

In addition, he cafidence intervalarecalculated anghown inTables 3 and 4 for each
parametéemission rate The confidence intervalse very small compdite theestimated average
values which underscores the reliability of the estimates and confirms the repeatability of the test
cycleComparison Tablefovides a comparison of results for Baseline and Product test results.
On a full test cycle baseduingOnroad anddletest modes, overall fuel economy improved by

4% and CQand THC emissions reduced by 3.6% and 25.3%, respectively. On average, CO

emissiorslightly increased by 2.7%.

! Confidence intervals with 95% confidence level were computed using the following standafdrespeatitirfuel

g @

401 ;Eémbmopai%‘: 080 ¢
Where,

- KEOOAT AAOGEAOGEI 1
- . EDOI AIA@MAT D1 AO
- ol AAGAT OA

i ARG EOGEEOAT T 001 PREPBOOIT

oy
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Table 30 Onroad Baseline PEMSTesting Summary Results
Test Test Test

Test Standard Confidence

Parameters/Emissions Ripleat Ripzeat Ri%eat Average Deviation Interval

Test Duration (s) 1235 1208 1226 1223 13.7 15.6
Total Distance Traveled (m 16.58 16.58 16.57 16.8 0.005 0.006
Total Fuel Consumed (ga 2.81 2.78 2.80 280 0.016 0.018
Overall Fuel Economy (mp¢ 5.90 5.97 5.91 5.8 0.034 0.038
CO, (g/mi) 1729 1711 1729 1723 10.2 11.5
CO (g/mi) 0.982 1.08 0.810 0.957 0.137 0.155
THC (g/mi) 0.020 0.012 0.014 0.015 0.004 0.005

Table 4 80nroad Product PEMS Testing Summary Results
Test Test Test

Test Standard Confidence

Parameters/Emissions R(;pleat R(;pzeat R?#pseat Average Deviation Interval

Test Duration (S) 1233 1215 1225 1224 9.02

Total Distance Traveled (m 16.6 16.6 16.6 166 0.010 0.011
Total Fuel Consumed (gal)| 2.68 2.67 2.71 2.69 0.021 0.024
Overall Fuel Economy (mp{ 6.19 6.20 6.10 6.16 0.053 0.060
CO, (g/mi) 1652 1652 1677 1661 14.4 16.3
CO (g/mi) 1.23 0.879 0.837 0.983 0.217 0.246
THC (g/mi) 0.016 0.006 0.012 0.011 0.005 0005

Table 58 Baseline and Product Comparison fobnroad PEMS Testing
Fuel Economy and

Emissions Baseline Product  Difference %)
Fuel Economy (mpg] 5.8 6.17 4.0%
CO, (g/mi) 1723 1661 -3.6%
CO (g/mi) 0.957 0.983 2.7%
THC (g/mi) 0.015 0.011 -25.3%
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4.2.PTO Testing Results

Tables 6 and 7 exhibit PTO testing regudtading brake horsepower hour specific emission rates
and brake specific fuel consumption values for Baseline and Product test configurations. For eac
test configuration, only two tespeats out of four repeats provided valid datasets for data analysis.
In addition, the adfidence intervals atalculated arghown inTabless and7 for mass emission

rates and fuel consumpti@xcept for THC, e confidence intervalse very smatompard to

the estimated average values which underscores the reliability of the estimates and confirms the
repeatability of the test cydlae THC values are very small order of magnitude compared to other
values represented in the tables and foretds®n higher variation is usually observed in THC
emission rates especially for this type of applicatade8 provides a comparison of results for
Baseline and ProdlRTO test results. Oaveragegverall fuetonsumption, CQ CO and THC
werereduedby 2.14%, 1.9%, 23.9%, and 95.17%, respectively.

Table 6 6 PTO BaselinePEMS Testing Summary Results

Test

Test

Emissionsand Fuel Confidence
Consumption R?#pleat R?#p;eat AV Interval
CO, (g/bhp-hr) 427 405 416 21.3
CO (g/bhphr) 0.504 0.52 0.510 0.011
THC (g/bhp-hr) 0.008 0.002 0.005 0.006
Brake Specific Fuel Consumpti
(BSFC) (g/bhghr) 0.0419 | 0.0398 0.041 0.002

Test

Test

Table 70 PTO Product PEMS Testing Summary Results

Emissionsand Fuel Confidence
Consumption R(ifleat Ripzeat AEERS Interval
CO, (g/bhp-hr) 408 409 408 0.621
CO (g/bhphr) 0.518 0.257 0.388 0.256
THC (g/bhp-hr) 0.000 0.000 0.000 0.00015
Brake Specific Fuel Consumpti
(BSEC) (g/bhghr) 0.0400 | 0.0399 0.040 0.00001
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Per

C ; Baseline Product  Difference (%)
onsumption
CO, (g/bhp-hr) 416 408 -1.90%
CO (g/bhphr) 0.510 0.388 -23.90%
THC (g/bhp-hr) 0.005 0.000 -95.17%
Brake Specific Fuel
Consumption (BSFC) 0.041 0.040 -2.14%
(g/bhp-hr)
4.3.Engine Oil and Transmission Fluid Temperature Readings
Evansd request, Emisstar manual l yvaluegcor

during Qrroad and PTO PEMS testing for Baseline and Product test phases. Tables 9 and 10

Emissions and Fuel

Table 8 d Baseline and Product Compariso®TO PEMS Testing

summarizéhe readingnd overall average for each test repeat.

Table 9 6 Engine Oil and Transmission Fluid Temperature DuringOnroad PEMSA
Baselinevs. Product

Baseline Product

Engine Oil Tempe Engine Oil Temp
Test Test Test Test Test Test Repeat
Repeat #1 | Repeat #2 Repeat #3 | Repeat #1| Repeat #2 #3
117 116 117 119 119 118
117 115 118 119 116 119
117 118 116 117 118 118
116 116 -- 117 117 117
\ Average 117 116 117 118 118 118
Transmission FIl ui ¢ TransmissionFlu d Temper
Test Test Test Repeat Test Test Test Repeat
Repeat #1 | Repeat #2 #3 Repeat #1| Repeat #2 #3
87 88 90 84 87 91
-- 89 91 86 88 91
-- 89 -- 84 91 93
| Average 87 89 90 85 89 91
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Table 100 Engine Oil and Transmission Fluid TemperatureDuring PTO PEMS Testing o
Baseline vs. Product

Baseline Product

Engine Oil Temp Engine Oil Temp
Test Test Test Test
Repeat #1 Repeat #2 Repeat #1 Repeat #2
114 117 114 113
114 117 112 116
115 117 -- -
115 118 -- -
| Average 115 117 1B 15
Transmission Flui|Transmission FIl ui
Test Test Test Test
Repeat #1 Repeat #2 Repeat #1 Repeat #2
NA NA NA NA
NA NA NA NA
NA NA NA NA
Average -- -- -- --

Table 116 Ambient Parameters Recorded During Baseline and Product PEMS Testing

Ambient Parameters Baseline Product
Average Ambient Temperatut€)( 30 33
Average Barometric Pressure (mkj 1009 1011
Average Humidity (%) 70 49

RecommendatioMNO, emission measureméntecommended tee performedin the future for

completion of evaluation of effects of theFHand ResistorPan all EPA regulated criteria
pollutants.
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