NTRD Program Disclaimers
1. Disclaimer of Endorsement:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not necessarily constitute or imply an endorsement, recommendation, or
favoring by TCEQ or the State of Texas. The views and opinions expressed in said reports do not
necessarily state or reflect those of TCEQ or the State of Texas, and shall not be used for advertising
or product endorsement purposes.

2. Disclaimer of Liability:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not constitute by TCEQ or the State of Texas the making of any
warranty, express or implied, including the warranties of merchantability and fitness for a particular
purpose, and such entities do not assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information,apparatus, product, or process disclosed, or represent
that its use would not infringe privately owned rights.
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Report for Article 2. Task 2: Map Engine for the DF2010 retrofit device

Task Statement Number 2.2

Section |. Objectives

The company, Clean Air Worldwide GP, Inc, purchased a DT466 engine specifically for
testing at California Environmental Engineering in California. CEE requested that we
provide an engine that had not been run on any other fuel, so a remanufactured engine
was purchased. Original dynamometer data is to be obtained from the manufacturer.

Engineering testing and measurements were conducted to determine the size of the
DF2010 Fuel System to be installed on the DT466 remanufactured engine.

In order to prepare the DT466 to conduct the initial mapping many tasks had to be
performed as listed.

Task 2, Task Statement 2.2

Mr. Henry Harness conducted the initial mapping on the OEM International DT466 mapping. In order to
accomplish this, he directed Brookside Machine Inc. to perform the following tasks:

INTAKE: modification of intake manifold (measurement of air flow), modification of induction tube
(measurement of discharge temperature), modification of turbo compressor housing discharge
(measurement of turbo efficiency), modification of turbo charger inlet (measure ambient conditions of
pressure and temperature)

EXHAUST: modification of exhaust turbine (measure exhaust velocity), modification of exhaust manifold
(measure exhaust back pressure and exhaust temperature), modification of exhaust pipe for turbocharger
discharge (measure temperature and pressure), modification of exhaust pipe for emission test equipment.
Mr. Henry Harness directed B&A Auto Electric to perform the following tasks: Install all sensors to
measure initial engine readings, install Data Acquisition System to record all initial engine readings.

Sub-Task 2.2.1
Mr. Henry Harness conducted initial mapping on the DT466 to determine the proper size of the DF2010
Fuel System. B&A Auto Electric assisted him with the dyno work to baseline the OEM Engine.

Sub-Task 2.2.1.1
Mr. Henry Harness used the information from 2.2.1 to calculate the proper size of the DF2010 Fuel
System to be applied to the DT466 engine.



Based on this information Mr. Harness directed Brookside Machine to make alterations to the evaporative
module portion of the DF2010 Fuel System and modify the induction tube, after cooler, fuel pump, injector
and associated hardware including the brackets to mount the fuel system (see task 2.2.1.2). They also
manufactured adapters for the new turbo inlet and new turbo outlet.

Based on this information Mr. Harness directed B&A Auto Electric to modify a new power generation unit
to match horsepower of the DT466 engine. Additionally the wiring harness which controls the evaporative
module required extensive revisions and improvements for operation with the DT466 engine.

The following tasks are so related that Task 3 is also included in this report.

Sub-Task 2.2.1.2 and Sub-Task 2.3.1.1 regarding Brookside Machine
Mr. Henry Harness completed the design of all mounting brackets (2.2.1.2) and completed the design of
The DF2010 retrofit device (2.3.1) and directed Brookside Machine to manufacture the following
components:

Turbo inlet adaptor: T4 to T3

Sleeve for Turbo compressor inlet housing from 2.75 inches to 3.0 inches
Four inch turbo discharge outlet adaptor

One inch turbo drain fitting

Induction tube for front side of turbo

Auxiliary injector

Fuel pump bracket

Injector bracket

Fuel pressure regulator bracket

Induction tube mounting bracket

Mew turbo discharge tubes

Brackets for after cooler

Power Generation Brackets with idle pulley provisions

Idie pulley

18 tooth power generation drive sprocket

90 tooth drive sprocket

power generator support bracket

Injector cap for auxiliary injector with cooling fins

Five inch fan spacer

Exhaust manifold stud standoffs

Evaporative module

Modify inlet and outlet fuel pressure regulator

Mickel plate evaporative module

Mickel plate aluminum 18 tooth sprocket to give high Reynolds number
Nickel plate aluminum 90 tooth sprocket to give high Reynolds number
Mickel plate fan spacer for corrosion resistance

FPowder coat all brackets

Ceramic coating on Turbine housing

Powder coat fuel pressure regulator to protect from elements

Powder coat injector tubes

Ceramic coat all adaptors

Section 2. Attachments:

Attachment A: Test Results from Engine Analyzer Pro v3.3 on DT466-210 Turbo D.



Section 3. Results

The Dragon Fire 2010 was sized to function on the DT466 engine. All mounting
brackets and modifications needed for installation were completed.

Task 2.2 has been completed



m C 6%5\_ Date: Q'/c?/aé

Authorized Project Representative's Signature

NOTE: Flease attach any additional information that you feel should be a part of your report or

that may be required to meet the defiverable requirements for tasks completed during this
reporting period.



Engine Analyzer Pro v3.3 Date: 12-14-2005
Eng: DT-466-210 TURBO D Horsepower Henry Time: 7:31:24 pm

Test Results 281-639-7484 Page: 1
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ATTACHMENT A: TEST RESULTS

DT466 ENGINE WITHOUT THE DF2010 FUEL SYSTEM



Engine Analyzer Pro v3.3 Date: 12-14-2005
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Eng: DT-466-210 TURBO D Horsepower Henry Time: 7:31:24 pm
Test Results 281-639-7484 Page: 2
Speclal Calculations
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Engine Analyzer Pro v3.3 Date: 12-14-2005
Eng: DT-466-210 TURBO D Horsepower Henry Time: 7:31:24 pm
Engine Input Specs 281-639-7484 Page: 3

Engine Input Specs

Short Block, File: Untitled

Block/Pistons/Rods
Bore, in
Stroke, in
# of Cylinders
Rings: Diesel Rings
Rod Length, in

Accessories
Fan Type: Clutch
Wtr Pump: Production Size
Engine Inertia/Crank Design
Inertia: Eng Only, Std Flywhl
Crank Design: Typical Windage

Pstn Skrt: Large Diesel Skirt
Bearing Size 2
Patn Topt: Mo Coating

Cyl Lckg: Typical Leakage

Head(s), File: Untitled

Intake Port Specs
Port Layout: 1 valve & 1 port

Exhaust Port Specs
Port Layout: 1 valve & 1 port

Valve Diameter, in 2 Valve Diameter, in .95
Avg Port Diameter, in 1.5 Avg Port Diameter, in 1.5
Port Length, in 3 Port Length, in 3
Single Flow Coef .42 Single Flow Coef -6
Anti-Reversion, % 0 Anti-Reversion, % 0

Combustion Chamber Miscellaneous
Compression Ratie 16 Mtrl/Coating: Cast Iron
Chamber Design: Typical Wedge Burn Rating: Typical

Intake System, File: Untitled

Manifold Specs (1 runner /fecyl) Carburetor(s)
Runner Dia @ Head, in 1.5 Total CFM Rating 600
Runner Design: Straight Runners, Ho Secondaries: Open @ 4000 RPM
Runner Length, in 6. Air Cleaner CFM Rating na
Runner Flow Coef 1.02 Alr Meter CFM Rating na
Runner Taper, deg D Restrictor CFM Rating na
Type for turbo: Single Plane-carb(s) Plenum not used: Turbocharged
Int Heat: Prod (full) Heat Plenum Volume, cu in na

Exhaust System, File: Untitled

Header Primary (2 runners/cyl) Full Exhaust System
Straight Primary (no diameter change CFM Rating 360
Section 1, Inside Dia, in 1.5 Collector (Simple)
Section 1, Length, in 9. Collector Length, in 25
Section 2, Inside Dia, in na Collector Dia, in na
Section 2, Length, in na Collector Taper, deg na
Section 3, Inside Dia, in na
Section 3, Length, in na

Runner Flow Coef 1.002




Engine Analyzer Pro v3.3
Eng: DT-466-210 TURBO D

Engine Input Specs 281-638-7484

Horsepower Henry

Date: 12-14-2005
Time:; 7:31:24 pm
Page: 4

Engine Input Specs

Cam/Valve Train, File: Untitled

Intake Cam Profile

Centerline, deg ATDC 112
Duration @ .050" 190
Opening @ .050" =117
Closing @ .050" 27
Max Lobe Lift, in .26
Actual Valve Lash, in hyd
Designed Valve Lash, in hyd
Rocker Arm Ratio 1.5
Profile Type: Mild Hyd Flat
Gross Valve Lift, in .39
Dwell over Nose: 0 Deg-Std Profile
Use a Cam File No

Exhaust Cam Profile

Cam File

Centerline, deg BTDC 112
Duration @ .050" 190
Opening @ .050" 27
Closing @ .050" -17
Max Lobe Lift, in .26
Actual Valve Lash, in .028
Designed Valve Lash, in .028
Rocker Arm Ratio 1.5
Profile Type: Mild Hyd Flat

Gross Valve Lift, in .39
Dwell over Nose: 0 Deg-Std Profile
Use a Cam File No

Overall Cam Specs
Total Cam Adv: Straight Up

Valve Train Dynamics, File: Untitled

Intake Valve Train
Gen Type: Pushrod & Rocker Arm
Eff Valve Mass, gms
Eff Rckr Arm Stffnss, lb/in
Eff Lifter Mass, gms
Eff Lifter Stiffness, lb/in guess
Spring Rate, 1lb/in
Seated Spring Force, lbs

Exhaust Valve Train
Gen Type: Pushrod & Rocker Arm
Eff Valve Mass, gms
Eff Rckr Arm Stffnss, 1lb/in
Eff Lifter Mass, gms
Eff Lifter Stiffness, lb/in guess
Spring Rate, lb/in
Seated Spring Force, lbs

Turbocharger, File: Untitled

1st Stage Turbo

Island CFM 500

Island Pressure Ratio 2.75%
! Island Efficiency, % 70

Surge CFM 100

| Ex Turbine Eff: 65% Typical

Turbine Nozzle Dia, in 1.025

General Specs
Throttle Location: Draw Through
Max Boost Limit, PSI 30
# Turbos/5tgs: 1 Single Turbo
Intercooler: 0% HNo Intercooler
Intercooler CFM Rating 100000

Calculation Conditions, File: DT-466-210 TURBO DIESEL

Test Conditions
CorFctr: SAE Conds (77 deg, 29.6")

Barcmetric Pressure, "Hg na
Intake Air Temp, deg F na
Dew Point, deg F na
Elevation, feet na
Cooling Sys: Liquid Cooled
Coolant Temp, deg F 1585
Accel Rate: 0 Steady State
RFM to Run

Starting RPM 1200
Number of RPM Steps 14

RPM Step Size 100

Fuel Specs
Fuel Type: Truck Diesel (prod. lean
Fuel Octane (R+M)/2Z

Use Nitrous Oxide No

Program Sets Spark for Best Power




