Stationary Reciprocating Engines
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Course Overview

A Background Information

A Theory and Operation

A Air/Fuel Delivery Systems

A Reciprocating Engine Emissions
A Emissions Control Methods

A Regulations

A Inspecting Stationary ICES
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Diesel and Natural Gas Internal
Combustion Generators By State
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[ | suspended Restructuring
IS Active Restructuring
100

Figure 3-2. Internal Combustion Generators by State: 2006

Source: U.S. Department of Energy. Energy Information Administration. 2007. “2006 EIA-906/920 Monthly Time
Series.”




A Natural gas
A Gasoline

A Diesel

A Sewage gas
A Landfill gas
A Propane gas

Fuels




History

AGunpowder engines
ASteam engines

AAir engines

APetroleumfueled
engines




Types of Reciprocating Engines

Sparklgnition (SI) or Otto Cycle
Compressiofgnition (Cl) or Diesel Cycle

DualFuel (BF)
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Sizes

) )
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AVery small engines (180 in; 216 hp)
ASmall bore (3.%5.0 in; 350 hp)

AMedium bore (3.99.0 in; 501,200 hp)
AlLarge bore (8:18.0 in; 4613,000 hp)
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Cylinder and Related Components

Intake Spark
Manifold Plug
Fuel Exhaust
qe Valve
Injector
Intake Exhaust
Valve Manifold

Combustion
Chamber

Piston
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http://science.howstuffworks.com/two-stroke2.htm
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What I1s Power?

A Work = Distance x Force
aZXtATOAY3I | 2yS L32dzyR
= one ftlb of Work

A Power = Work/Time
aZXAT AU 0l 1Sa 2yS YAYdz
have applied 1 ftb/min of Power

A One Horsepower = 33,000lf/min



Rating Engine Power

A Horsepower

A Brake Horsepower

A Rated Brake Horsepower
A Kilowatts




Ways to Determine Horsepower

N
Mass flow rate of fuel
y (Ib/hr or BTU/hr) Fuel
HP — — > .
Specific fuel consumption Consump’uon
(Ib/hp-hr or BTU/hp-hr)
J
\
Hp = _ Torque (ft-bs) x RPM ’ Engine
Eoro Torque




Standard Corrected Power
BBK18, Stock20,

e o=

BBK18: STPTrqg-Clb-ft Stock20: STPTrg-Clb-ft
[ e =7

BBK18: STPPwr- CHp Stock20: STPPwr- CHp

3000 3500 4000 4500 5000 5500 6000 6500
EngSpd RPM
Stock LS1 Intake vs BBK (Mild LS1 Test Motor)
07/26/06 SuperFlow WinDyn™ V 10:52:53



http://www.enginebasics.com/Engine%20Basics%20Root%20Folder/Images/HP%20vs%20torque.jpg

Comparison of S-l and C-1 Engines
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Air/Fuel Delivery Systems

ACarburetor
AGaseous Fuel Regulator

AFuel Injection
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CARBURETOR AIR HORN

IMPCO 600 SERIES | - N at U I al G aS
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Models of Fuel Injection

Gas Engine Diesel Engine
Spark Plu Glow Plu
P J Direct FlI J
Indirect FI ﬁ]@@ n M
241 L \L B
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Unit
Injector

Multiple
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Fuel Injectors

Follower

Fuel Supply

S Rack Assembly
From I .‘,‘.
Fuel —, |[mommesa
Pump N 1
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Pump Unit
Injector Injector

Nozzle Tip
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Increasing Air Intake

ATurbochargers //?x
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ASuperchargers é
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Turbocharger

Cutaway
B
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Turbocharger
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Intercooler

AHeat exchanger

ACools air compressed by
turbocharger or
supercharger

AUsed on most €engines




Emissions From SRES

Fuel (C, H, N, S)

+

Air (Nz y 02)




Diesel
Particulate

Matter Hydrocarbons,

including 4 Carbon

PAHs And
H,SO,

nuclei

Etc.

Metals



al Baseline HAP Emissions from
2005

Type of Engine Baseline HAP Emissions | Baseline HAP Emissions
from All RICE Sources from Major Sources
(tons/yr) (tons/yr)

Existing Engines:

2SLB Clean Gaseous Fuel
ASLB Clean Gaseous Fuel
ASRB Clean Gaseous Fuel
Compression Ignition
Subtotal

New Engines:

2SLB Clean Gaseous Fuel
4SLB Clean Gaseous Fuel
ASRB Clean Gaseous Fuel
Compression Ignition
Subtotal

Total




1 Time
LI Temperature
] Turbulence
L1 Oxygen




Stoichiometric Ration

Relative amounts of air and fuel that when burned
together, will result in complete combustion with no

excess oxygen. |
For Gasoline:

AIR FUEL
1
1

MASS 14.7
VOLUME 11,500

RICH Less than 14.7:1
LEAN Greater than 14.7:1




Exhaust Emissions and A/F
(Natural Gas Engine)

Stoichiometric Lean
2000 Combustion
1500 \
\ NOx
VoP Izl\n/rlle Cormbustion
(@ 15% 02) 1000 \ [ermno.
500 N VIHC

14 16 18 20 22 24 26 28
Air/Fuel Ratio
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Generalized NOx vs.
OF2N Whe Sy

0.1 0.12 0.14 0.16

PM (gm/hp-hr)



echanisms of Formati

Mechanisms of Formation for Some Common
Chemicals

Incomplete Combustion
High temperature combustion of N2
Unburnt or partially burnt fuel
Oxidation of sulfur

Partial combustion of engine oill.
Partially burn fuel




Factors Affecting Emissions

A Engine Design

A Fuel Type

A Atmospheric Conditions
A Operating Conditions

A Tuning and Maintenance



Emission Control Methods for Compress
Ilgnited Engines
A Alternate Fuels A PreChamber/LeasBurn

A Positive Crankcase VentilationA Exhaust Gas Recirculation
A Air/Fuel Ratio Adjustment A PreStratified Charge

A Ignition Timing Retard A NonSelective Catalytic
A Turbocharging or Reduction
Supercharging with A Selective Catalytic Reduction

Intercooling



Emission Control Methods for Compress
Ilgnited Engines

NOx Control

A Alternate Fuels

A Injection Timing Retard

A Modified Injectors

A Turbocharging or Supercharging with Intercooling
A Exhaust Gas Recirculation

A LeanNOx Catalysts

A NOxAdsorbersd & ¢ NJ LJA € 0

A Selective Catalytic Reduction




Emission Control Methods for Compress
Ilgnited Engines

PM Control

AAlternate Fuels
AModified Injectors
ADiesel Oxidation Catalyst
ADiesel Particulate Filters
AFuelBorne Catalyst




Gaseous Fuels
lesel

Iquid Fuels
lternate Fuels




Reciprocating Engine Typical Emissiol
Levels

Engine 1ype Lambda*(¢) | Mode I mission (g/hhp-hr)

PM
Nawral Gas | 098 | Rien | 03 [ 139 | 85 | tow
099 [ mieh | 02 | 80 | 110 | row

619 os 1 25 | a1 | wa



age of Gaseous Co
Gaseous Fuels

- Type of Gaseous Fuel

% Iin Fuel Natural Propane Digester Landfill
Methane  95% -- 65% 55%

Ethane 3% 4% --
Propane 1% 95%
Butane + 1% 1% -~
-- -- 35% 45%




Positive Crankcase Ventilation (PCV
Systems

Intake Manifold
A Some exhaust gases escape

past pistons into crankcase of —i =
engine W @\j
J;

A Crankcase gases used to be . _.

vented to atmosphere Flow

.
A These gases now recirculated LI -
to intake manifold througha 5, |

hose Valve Qgi)

Crankcase



Air-Fuel Ratio Adjustment

Rich Adjustment Lean Adjustment
A Decreasd\oxby decrease O2 + A Decrease NOX by decrease temp
cooling by excess fuel A Increase fuel efficiency at mod. Lean
A Increase HC, CO operation
A May increase fuel consumption A HC, CO, Fuel Consumption may

Increase at extremely lean

\ NOx

PPM
Volume

—~
= |=

Air/Fuel Ratio
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Effects of Air/fFuel Ratio on NOx Reductions at Two Ignition. Timing
Retard Settings

1000
20 = 30° BTDC
800 p—
NOX, 7o0 |-
ppmy 25° BTDC
@ 600 |— (50 Retard)
15%
02 500 p—
400 |—
300 pP—
200 p—
| | | | | | | | |

0.90 0.92 094 096 0.98 1.00 1.02 1.04 1.06 1.08 1.10
Figure 304.4 AIR/FUEL RATIO, % OF STOCHIOMETRIC



Timing Retard

Advantages Disadvantages
low capital, operating costs reduce max power output
easy to adjust reduce fuel efficiency

miininal increase in CO, HC  may increase PM (smoke) in C-l
may increase exhaust temps
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Lean-Burn
Retrofit Kit
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Intake
Manifold

Air & Fuel
A & Fuel




Engines with Prestratified Charge System




