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IC Engine Classifications

Internal Combustion Engines |
I

| Ste‘ady | | Non-;leady |

Gas Turbine Premixed-charge
Uses compressor and turbine, Fuel and air are mixed before/during compression
not piston-cylinder Usually ignited with spark after compression

Turboshaft Two-stroke
All shaft work to drive propeller, One complete thermodynamic cycle
generator, rotor (helicopter) per revolution of engine

Turbofan Four-stroke
Part shaft, part jet - One complete thermodynamic cycle
"ducted propeller" per two revolutions of engine

Turbojet Non-premixed charge
All jet except for work needed to Only air is compressed,
drive compressor fuel is injected into cylinder after compression
Ramjet
No compressor or turbine Two-stroke X
Use high Mach no. ram effect for compression One complete thermodynamic cycle
per revolution of engine
Rocket
Carries both fuel and oxidant Four-stroke .
Jet power only, no shaft work One complete thermodynamic cycle
per two revolutions of engine

Solid fuel
Fuel and oxidant are premixed
and put inside combustion chamber

Liquid fuel
Fuel and oxidant are initially separated
T533 and pumped into combustion chamber
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|
Spark or Compression Ignition Engines (SIE vs CIE)

Spark Fuel
plug Spark “ injector
25 5T Air
Air—fuel
mixture Fuel spray

?

Gasoline engine

T503

Diesel engine

e Spark initiates the flame in SIE; high compression in CIE

generates high temperature for ignition in CIE.

o Part-load efficiency of CIE is better as load is regulated by fuel
injection adjustment; in SIE throttling is used to reduce load
which increases pumping work. :

o SIEs are high speed engines with higher temperature exhaust. @
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Two Stroke Reciprocating IC Engine
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4s vs. 2s IC Engines
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e Basic difference: 2s engine accomplishes the four processes (intake,
compressing, expansion & exhaust) in a single revolution.

e Advantages of 4s engines: better fuel economy, better lubrication
and easier control.

e Advantages of 2s engines: fewer moving parts, lighter weight an
smoother operation. Y
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Wankel Four Stroke Rotary SI Engines
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» smooth rotary motion, » sealing is critical.
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Four Stroke Reciprocating SI Engine: Otto Cycle

% pc BDC v

T500
TDC BDC v

P-v diagram of Otto cycle Cycle with gas-exchange processes

e 1-2: Isentropic compression from BDC to TDC
e 2-3: Constant-volume heat addition at TDC

e 3-4: Isentropic expansion from TDC to BDC

e 4-1: Constant-volume heat rejection at BDC @
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A comparison between the working cycle of a turbo-jet engine and
piston engine.
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Actual 4s SI engine cycle vs. Otto cycle
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Air Standard Diesel Cycle
’ e 1-2: Isentropic compression from BDC to TDC
e 2-3: Constant-pressure heat addition at TDC
e 3-4: Isentropic expansion to BDC
e 4-1: Constant-volume heat rejection at BDC
0.7F e )
2
T 0.6
3 051
é 041 X
b 03r cor]r-n)[,)r::ecsgon
02k ratios fgr diesel
engines
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1508 (b) T-s diagram ' 7508 24 épé 10 1|g 1% }Lf;llf 202224
»thermal efficiency, | N dieset = 1 — r’%l [%} ; cut-off ratio, B = @
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Engine Ideal Cycles

Pressure
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1528 intake valve opens TDC
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Engine Ideal Cycles

Air Standard Dual Cycle

T506

1

o 1-2:
o 2-3:
e 3-4:
e 4-5:
e 5-1:

(G0 M VI WV R R s EC RN =10 UMl n gine: Idealized cycles and processe:

Isentropic compressionv from BDC to TDC
Constant-volume heat addition at TDC
Constant-pressure heat addition at TDC
Isentropic expansion to BDC
Constant-volume heat rejection at BDC

ME 417 (2018)

16 / 25




Engine Ideal Cycles
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Comparison: Otto, Diesel & Dual Cycle
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Ideal Cycle: Effect of Engine Parameters
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Ideal Four Stroke Processes : Inlet & Exhaust Flow
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Engine Ideal Cycles
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Ideal Cycle: Effect of Engine Parameters

Isentropic expansion
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Otto Cycle: Effect of r. and Heat Input
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Otto Cycle: Effect of Fuel Type

Fuel Formula r Nowo imep (bar)
Gasoline CH,; 10 0.44 13.3
15 0.49 14.4
Diesel CusHyo 10 0.44 13.7
15 0.49 14.9
Methane CH, 10 0.44 12.2
15 0.49 13.1
Methanol CH,0H 10 0.43 13.1
15 0.48 14.2
Nitromethane CH;NO, 10 0.39 21.0
15 0.43 23.1

¢ =10, f=0.10, P, = L0 bar, T, =350K
T884
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Otto Cycle: Effect of 7., f, and ¢
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Ideal le: Effect of Engine Parameters

Otto Cycle: Effect of P;/P.
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Diesel Cycle: Effect of r. and Heat Input
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