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Tractor Engines — Engine Operation

Understanding the Working Principle of a Diesel Engine — 4-Stroke Compression Ignition Engine

1. Tractor Engines — Engine Operation
Overview:

Tractor engines serve as the primary source of power in farm machinery. These engines must generate
consistent, high torque to operate agricultural implements and drive over rough terrains. Unlike automobile
engines, which emphasize speed and quick acceleration, tractor engines are optimized for durability, fuel
efficiency, and sustained torque under varying load conditions.

Design Priorities:

e Low RPM, High Torque: Ensures strong pulling capability.

e Long Operating Hours: Engine designed for extended use with minimal downtime.

o Fuel Economy: Diesel engines consume less fuel per unit power output.

e Environmental Adaptability: Must perform efficiently in dusty, muddy, and humid field environments.
Types of Engines in Tractors:

e Single-cylinder engines: Used in mini and walking tractors.

e Multi-cylinder inline engines (2 to 6 cylinders): Found in utility and heavy-duty tractors.

e Horizontal and vertical cylinder arrangements.

e Naturally aspirated or turbocharged models.
Operational Characteristics:

e Designed for constant-speed operation.

e Use of mechanical or electronic governors to regulate engine speed.

e Capable of operating various power outlets including:

o PTO (Power Take-Off)

o Hydraulic pumps
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o Drive transmission systems

2. Understanding the Working Principle of a Diesel Engine — 4 Stroke Compression Ignition Engine
Fundamentals of Diesel Engine Operation:

A diesel engine is a compression ignition internal combustion engine, which means it relies on the heat
generated by compressing air to ignite diesel fuel injected into the cylinder. It does not use spark plugs like petrol
engines.

The Four-Stroke Cycle:

Each stroke refers to one full travel of the piston from top to bottom or vice versa. In a four-stroke engine, the
cycle includes:

1. Suction Stroke (Intake Stroke):
e Piston Movement: From Top Dead Center (TDC) to Bottom Dead Center (BDC)
o Valve Operation: Inlet valve opens, exhaust valve remains closed.
e Process: Fresh air (not fuel-air mixture) enters the combustion chamber.
2. Compression Stroke:
e Piston Movement: From BDC to TDC
e Valve Operation: Both valves are closed.
e Process: Air is compressed to a high pressure (30-40 bar), raising its temperature to ~600-800°C.
3. Power Stroke (Expansion Stroke):
e Piston Movement: From TDC to BDC
e Valve Operation: Both valves remain closed.

e Process: Fuel is injected into the hot compressed air. Auto-ignition occurs, and the resulting expansion
of gases pushes the piston down.

4. Exhaust Stroke:
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¢ Piston Movement: From BDC to TDC

e Valve Operation: Exhaust valve opens, inlet valve remains closed.

e Process: Burnt gases are expelled from the cylinder into the atmosphere.

Key Engine Cycle Characteristics:

Stroke Inlet Valve Exhaust Valve Action

Suction Open Closed Air enters cylinder

Compression Closed Closed Air is compressed

Power Closed Closed Fuel ignites, piston driven downward
Exhaust Closed Open Burnt gases expelled

Compression Ignition Specifics:
e Compression Ratio: Typically between 14:1 to 25:1 (much higher than petrol engines).
o Fuel Injection: Direct Injection (DI) or Indirect Injection (IDI).

e Injection Pressure: 1500-2000 bar using common rail or inline fuel injection pumps.

Advantages of 4-Stroke Diesel Engines in Tractors:
1. Higher Thermal Efficiency — Less heat wasted, more power output per unit of fuel.
2. Durability — Fewer revolutions mean reduced wear and tear.
3. Lower Maintenance — Sturdier components and slower speeds.

4. Fuel Economy — Leaner fuel-air mixtures and higher torque at low RPM.

5. Environmental Benefits — Better control over emissions with modern injection systems.

QLTI TIONS
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Tractor Engines — Engine Operation

Tractor engines are designed specifically for heavy-duty applications in agriculture. Unlike automotive engines,
tractor engines are optimized for durability, fuel efficiency, and sustained torque under varying field loads.

Key Features:
o Diesel-powered for higher torque and efficiency.
o Engine power typically ranges from 15 HP to over 100 HP.
¢ Rugged build to withstand harsh field conditions.
o Cooling system: water, oil, or air-cooled depending on application.
o Compatible with PTO drives and hydraulic systems.
Operational Characteristics:
o Deliver high torque at low speeds (e.g., 1800-2200 RPM).
¢ Include governors to manage varying loads.

e Provide steady operation over extended periods without overheating.

Understanding the Working Principle of a Diesel Engine — 4-Stroke Compression Ignition Engine

Diesel engines operate on the compression ignition principle, using the heat of compressed air to ignite diesel
fuel injected into the combustion chamber.

Four-Stroke Cycle:
1. Suction Stroke:
o Piston moves down.
o Inlet valve opens; air is drawn in.
2. Compression Stroke:
o Piston moves up.

o Both valves closed.
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o Air is compressed, raising temperature.

3. Power Stroke:
o Fuel injected into hot air ignites.
o Combustion drives piston downward.
4. Exhaust Stroke:
o Piston moves up.
o Exhaust valve opens; gases are expelled.
Technical Features:
e Compression ratio: 14:1 to 25:1.
o Fuel injection pressure: 1500-2000 bar.
e Injection systems: Direct Injection (DI) and Indirect Injection (IDI).
Advantages of Diesel Engines in Tractors:
o High thermal efficiency.
e Superior fuel economy.
e Long operational life with low maintenance.

o Reliable under high load conditions.

Valve Timing Diagram &Engine Efficiency

Valve Timing Diagram

QLTI TIONS

Valve timing refers to the precise moments when the inlet and exhaust valves open and close during the four-
stroke engine cycle. The valve timing diagram illustrates these actions with respect to the crankshaft angle (in

degrees).
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Since engine parts like the piston and valves do not instantly move, engineers advance or delay valve
operations slightly to improve air-fuel intake and exhaust gas expulsion.

Importance of Valve Timing:
e Improves volumetric efficiency.
e Ensures complete combustion.
e Enhances engine breathing at various speeds.

o Balances performance and emissions.

Typical Valve Timing in a 4-Stroke Diesel Engine:

Event Crank Angle Position

Inlet Valve Opens  10°-15° Before Top Dead Center (BTDC)
Inlet Valve Closes ~ 30°-45° After Bottom Dead Center (ABDC)
Exhaust Valve Opens 40°-50° Before Bottom Dead Center (BBDC)
Exhaust Valve Closes 10°-15° After Top Dead Center (ATDC)

Note: The slight overlapping of inlet and exhaust valves (called valve overlap) helps improve the scavenging
process—removing exhaust gases and drawing in fresh air.

Graphical Valve Timing Diagram (for your Word file):

You can draw a circle representing 720° crank rotation and mark the above events:
e Topof circle: TDC
o Bottom of circle: BDC

e Use arrows to indicate when valves open/close relative to piston position.
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Consequences of Incorrect Valve Timing:

o Power loss

Poor fuel economy

Excessive emissions

Backfiring or knocking

Valve/piston collision in extreme cases

Engine Efficiency

Engine efficiency is a measure of how effectively the engine converts the chemical energy of fuel into useful
mechanical energy.

Types of Efficiencies:
1. Indicated Thermal Efficiency (ITE):
o Ratio of indicated power (inside the cylinder) to fuel energy input.
2. Brake Thermal Efficiency (BTE):
o Ratio of brake power (actual output at the shaft) to fuel energy input.
o Diesel engines typically achieve 30—-40% BTE.
3. Mechanical Efficiency (ME):
o Ratio of brake power to indicated power.
e Indicates losses due to friction, pumping, etc.

o Typical range: 80-90%

Key Factors Influencing Efficiency:

e Compression ratio (higher is better for diesel).
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o Air-fuel ratio.

e Injection timing and pressure.
e Engine load and RPM.

e Quality of fuel.

e Maintenance (air filters, injectors, lubrication).

Comparison: Diesel vs Petrol Engine Efficiency

Feature Diesel Engine Petrol Engine
Thermal Efficiency 30—-40% 20-30%
Compression Ratio 14:1 to 25:1 8:1t012:1
Fuel Consumption Lower Higher

Torque Output Higher at low RPM Lower at low RPM

Example Calculation of BTE:

QLTI TIONS

If a diesel engine consumes 0.25 kg of fuel per hour with a calorific value of 42 MJ/kg, and produces 3.2 kW

of brake power:
o Fuel energy input = 0.25 x 42 = 10.5 MJ/hr
e Power output = 3.2 kW = 3.2 x 3600 = 11520 kJ/hr

e BTE =(11520/10500) x 100 = ~109.7%

(Since efficiency can't exceed 100%, check units carefully—this illustrates the need for consistent units.)




