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A simplified temperature perspective on engine efficiency:
Efficienc depends • i compression-temperature multiple M 00
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For the gas, temperature "is" (internal) energy: E —T

Compression multiplies temperature: T2 = M • T1

Burning fuel adds temperature: T3 = T2 + A

Expansion divides temperature: T4 = T3 / M

Left-over energy in gas is change in temperature: AE = T4 — T1

Efficiency is fraction of fuel energy not left over: n = (A - AE)/A
Do some algebra to simplify for efficiency: n = 1 — 1/M
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Some stuff we're ignoring:

• Heat transfer losses

• Combustion phasing

• Variable gas properties

• Incomplete combustion

• Friction losses
• Pumping losses

• Valve timing
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A kinetic-theory-of-gases perspective on engine efficiency: 
Small molecules compress to higher T for hi.h efficiency (y) Lv
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How do we make Mbi: to :et hi:her comeresses emserature and thus hi:her efficienc ?

1. Compress more: smaller compressed volume (V2) relative to V1
i.e., increase compression ratio Rc= V1 / V2

2. Use a gas that gets hotter when compressed (more energy goes into velocity of molecules)
i.e., use a gas with a low molar heat capacity (Cv), i.e., a high specific heat ratio (y)
mono-atomics (e.g., He, Ne, Ar): 7 = 1.67 (energy in translation only)
di-atomics (e.g., 02, N2): y = 1.4 (translation + rotation, + vibration at high T)
tri-atomics (e.g., H20, CO2): y '' 1.3 (more rotation and/or vibration)
vaporized liquid fuels: 1.0 < y < 1.3 (many vibrational degrees of freedom)



Mixing-(diffusion flame)-Controlled Compression Ignition:
High efficiency due to high R  & y; PM & NOx challenges  .?)) 

rzo 
Combustion rate depends on how fast spray- and 
flow-generated turbulence mixes gases in the fuel
ne and gases in the air zone into a diffusion flame at

the interface between the two zones.

1( Gas during compression is air + EGR, so 7 is high

1( Overall fuel-lean, so y stays high after combustion

-/ No premixed fuel+air to knock, so Rc is high

)1 Emissions of particulate matter (PM) and nitrogen
oxides (NOx) are high, requiring efficiency tradeoffs

From Dec's 1997 diesel
conceptual model (SAE 970873)

Lll: Soot Concentration
Shortly after the premixed fuel

burns, soot is formed in the

hot, fuel-rich region throughout

the jet cross-section.

Some R&D: Low-sooting fuels, esp. at high EGR; leaner lifted
flame; ducted fuel injection (DFI); multi-mode with ACI
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Spark Ignition (premixed-flame-controlled) Combustion:
Lower efficienc due to lower R & ; knockin• challen• e

Combustion rate depends on how fast flo
generated turbulence mixes heat and mass

6
 from the burned zone into the unburned 
zone through a premixed flame at the

interface between the two zones.

• Fuel+air+EGR during compression: low y

• Stoichiometric, so low 7 after combustion
• Knock in unburned gas zone limits Rc

- especially with boost (& gasoline)

Three-way catalyst: low NOx, CO, and UHC

Some R&D: Autoigni ion-resis an e.g.,
octane number) fuels; EGR-tolerant fuels/
engines; fuel-lean flame propagation (precludes
3-way catalyst), multi-mode with ACI

•

Knock in squish zone
Premixed flame in bowl
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Advanced (kinetically controlled) Compression Ignition :
High 77 due to R & y; ignition/noise, CO, UHC challenges

Ignition and combustion rate depend on how local T, P, (1),
fuel molecular structure, and/or spray- and/or flow-

generated turbulence affect chemical-kinetic reaction rates

1( Lean fuel + air + EGR during compression: medium y

1( Overall fuel-lean, so y stays high after combustion

Dilute mixtures tolerate more compression: medium Rc

Difficult to control combustion rate; incomplete combustion

PPCI IISecond-Stage Ignition: 
OH (green) in wide bands.
Soot precursors (bright red)
in pockets by head vortex.
Formaldehyde (dim red)
still remains, upstream.

From LTC conceptual model (PECS 39:215-284, 2013)

Some R&D: Fuel property and mixture preparation effects on
ignition and combustion rate; in-cylinder CO & UHC mitigation
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