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DETAILED OUTLINE

ENGINE COOLING SYSTEM

INTRODUCTION 

(3 MIN)

1.  GAIN ATTENTION:  It is not known exactly how much heat is generated when the air-fuel mixture is ignited in the combustion chamber.  It has been estimated to be somewhere around twice the melting point of iron.  As you can see, it is imperative that the cooling system be functioning properly to prevent severe damage.

2.  PURPOSE:  To provide you with the knowledge needed to service, the engine cooling system.

3.  INTRODUCE LEARNING OBJECTIVE (S):


a.  TERMINAL LEARNING OBJECTIVE:  Provided an Equipment Repair Order, a diesel engine, necessary tools, and appropriate technical references, overhaul the engine such that it runs efficiently with a +/- 5 percent tolerance to the criteria listed in the reference(s).  (1341.3.11)


b.
ENABLING LEARNING OBJECTIVES:

1.  Provided an item of engineer equipment with a malfunctioning cooling system, necessary tools, and appropriate technical manuals, diagnose the malfunction in accordance with the below listed references.  (1341.3.11ah)

2.  Provided a diesel engine, special tools, and a General Mechanic's Tool Kit, with the aid of references; pressurize the cooling system in accordance with the appropriate technical manual.  (1341.3.11ai)

3.  Provided a diesel engine, special tools, and a General Mechanic's Tool Kit, with the aid of references, check the opening pressure of the radiator cap in accordance with the appropriate technical manual.  (1341.3.11aj)

4.  Provided a diesel engine, special tools, and a General Mechanic's Tool Kit, with the aid of references; test the thermostat in accordance with the appropriate technical manual.  (1341.3.11ak)

5.  Provided a water pump, necessary tools, and appropriate technical manuals, with the aid of references, inspect the water pump housing in accordance with the appropriate technical manual and Diesel Mechanics by Schultz.  (1341.3.11al)

6.  Provided a water pump, necessary tools, and appropriate technical manuals, with the aid of references; disassemble the water pump in accordance with the TM 9-8000 and Diesel Mechanics by Schultz.  (1341.3.11am)

7.  Provided a water pump, necessary tools, and appropriate technical manuals, with the aid of references; inspect the internal components in accordance with the TM 9-8000 and Diesel Mechanics by Schultz.  (1341.3.11an)

8.  Provided a water pump, necessary tools, repair parts, and appropriate technical manuals, with the aid of references, replace any defective components in accordance with the TM 9-8000 and Diesel Mechanics by Schultz.  (1341.3.11ao)

9.  Provided a water pump, necessary tools, and appropriate technical manuals, with the aid of references; assemble the water pump in accordance with the TM 9-8000 and Diesel Mechanics by Schultz.  (1341.3.11ap)

10.  Provided a water pump, necessary tools, and appropriate technical manuals, with the aid of references; test the water pump in accordance with the TM 9-8000 and Diesel Mechanics by Schultz.  (1341.3.11aq)

4.  METHOD/MEDIA:  I will do this by lecture and demonstration.

5.
 EVALUATION:  There will be a performance test at the end of this lesson

INTRODUCTORY TRANSITION:  Let's begin with the components and operation of an air-cooling system.

BODY
1.  COMPONENTS OF AN AIR COOLING SYSTEM


   (10 MIN)


a. 
There are various types of equipment in the engineer field that incorporate an air-cooled engine.


b. 
Cooling is done by a flow of air circulated over the hot spots of the engine by a combination fan flywheel encased in a sheet metal shroud.


c. 
Air is directed by ducts and baffle plates to insure uniform cooling of all components.


d. 
The fan flywheel mounted to a taper on the crankshaft creates the flow of air.


e. 
The shroud directs the flow of air through the ducts and baffle plates to insure uniform cooling.

(SHOW FINS)


f. 
Fins expose more surface for heat transfer.

TRANSITION:  Now that I have covered the air-cooling system, let's move on to the components liquid cooling system.

2.
COMPONENTS OF A LIQUID COOLING SYSTEM                (40 MIN)





                 (SHOW COOLING SYSTEM ON SLIDE #1)


a. 
Beginning at the front of the engine, the components, which make up an average cooling system are:



(1) The radiator



(2) Cooling fan



(3) Thermostat



(4) Coolant pump



(5) Engine oil cooler



(6) After cooler



(7) Connecting pipes and hoses



(8) The cylinder head and block are also part of the cooling system.


b.
Together these components ensure that:



(1)
The cooling temperature in the top tank of the radiator does not exceed maximum prescribed temperature of approximately 200 F.



(2)
The horsepower required to drive the cooling fan does not exceed 6 percent of the engine horsepower.



(3)
The speed of the top of the fan is not more than 18,000 ft/min to keep the fan noise to an acceptable level.



(4)
The airflow should not exceed 1600 ft/min.



(5)
There is no dead space (un-swept core area) on the radiator surface.


c.
Radiators:

(ON SLIDE #2 RADIATOR CORE)

(ON SLIDE #3 RADIATOR CORE TYPES)



(1)
There are two types radiator designs that are common to the diesel engines:




a)
The cross flow type flows in a horizontal direction, and this type of radiator is for low-profile installation.




(b)
The vertical flow type flows from top to the bottom of the radiator.

(ON SLIDE #4 RADIATOR)




(c)
Radiators consist of the core, bottom, and top tank and side members bolted or soldered together and a shroud attached to make up the radiator assembly.




(d)
All radiators have a drain at the lowest point of the radiator and a radiator filler opening at the top that is sealed by a radiator cap.

(ON SLIDE #5 RADIATOR CAP)


d.  Pressure Radiator Cap:  The radiator cap has four main functions.



(1) 
Screws or twists on top of the radiator to prevent coolant from surging out of the vehicle.

(ON SLIDE #6 ILLUSTRATED CUTAWAY)



(2) 
It raises the boiling point of the coolant 3 degrees for each pound of pressure applied, allowing the engine to operate at a higher temperature.



(3) 
Incorporates a pressure relief valve to maintain a fixed coolant system pressure during engine operation.  When the pressure in the system rises higher than the valve spring tension, coolant leaves through the overflow tube.

(ON SLIDE #7 VACUUM CORE)



(4) 
Has a vacuum valve to equalize pressure when the engine is cooling after shut down.  This prevents the cooling system from collapsing.


e.  Cooling Fans:

(ON SLIDE #8 FAN TYPES)



(1)
There are two types of fans - the pusher fan and the suction fan.



(2)
A suction fan draws the air through the radiator and than over the engine.



(3)
A pusher fan draws the air from around the engine and pushes it through the radiator.



(4)
Whether a pusher or a suction fan is used depends on the engine application.



(5)
Wheeled loaders or track machines commonly use a pusher fan since it is less likely to draw as much dirt sand and small stones into the radiator as the suction fan.

(ON SLIDE #9 SUCTION FAN)



(6)
Fast moving vehicles, use suction fans since the airflow through the radiator at their normal motor speeds acts against the pusher fan.


f.  Thermostat:

(ON SLIDE #10 THERMOSTAT)



(1)
The thermostat is a valve located between the cylinder head and the top tank of the radiator that reacts to temperature changes.



(2)
Its exact location may vary with engines application.



(3)
It is usually in the end of the cooling manifold or in a separate thermostat housing bolted to the cylinder head or cooling manifold.

(ON SLIDE #11 THERMOSTAT)



(4)
The coolant valve is connected to a heat-sensing element, which may be wax pellet or a hydrocarbon-mixture pellet.



(5)
A pressure spring, placed between the heat sensing element and the thermostat frame, opposes the expanding force of the heat-sensing element.

(ON SLIDE #12 HOUSING)



(6)
Two types of thermostat housing arrangements are used, full blocking and the partially blocking flow arrangement.




(a)
Full blocking flow - The thermostat blocks the flow of coolant through to the radiator when the valve is closed and the coolant flows from the pump through the cylinder head and block and is redirected by the thermostat back to the inlet side of the coolant pump.







            (ON SLIDE #13 PARTIALLY BLOCKED)




(b)
Partially blocking flow - Allows a small amount of coolant to flow to the top of the tank of the radiator at all times, whether the thermostat is opened or closed.


g.  Coolant Pump 

(ON SLIDE #14 PUMP)



(1)
The heart on the cooling system is the cooling pump. 



(2)
It is of the non-positive centrifugal design.



(3)
Coolant pumps are driven directly or indirectly by V belts or by a belt from the crankshaft pulley, or by a gear from the timing gears.



(4)
Pumps large quantities of coolant for its size.



(5)
Inexpensive in cost.

(ON SLIDE #15 PUMP DIAGRAM)



(6)
When the engine operates, the impeller is rotated and creates a low pressure at the center of the pump.



(7)
Coolant enters at near the center of the impeller, the impeller vanes start the fluid revolving, and the centrifugal force accelerates the fluid onto velocity head into a pressure head.


h.  Engine Oil Cooler 

(ON SLIDE #16 OIL COOLER)



(1)
The engine oil cooler is mounted on the side of the cylinder block.

(ON SLIDE #17 cutaway oil cooler)


(2)
Engine oil circulates through the engine oil cooler which is completely surrounded by coolant flowing over the fins of the coolers core.



(3)
The oil cooler core is located inside of the oil cooler housing.


i.  After cooler
(ON SLIDE #18 AFTERCOOLER)



(1)
Most engines that are turbocharged employ an after cooler to further improve the brake mean effective pressure.



(2)
After coolers are also called intercoolers or heat exchangers.

(ON SLIDE #19 AFTERCOOLER)



(3)
After coolers are small radiators positioned between the compressor housing and the inlet manifold to cool the intake air.



(4)
The after cooler and intake manifold may be one unit or the after cooler may be bolted to the intake manifold.


j.  Coolant system pipes and hoses 

(ON SLIDE #20 HOSES)



(1)
The top tank of the radiator is connected the cylinder head by means of pipes or hoses.



(2)
The lower tank is connected to inlet side of the water pump by means of pipes or hoses.

(ON SLIDE #21 BYPASS)



(3)
The bypass line is the link between the thermostat and the cylinder block.



(4)
The purpose of the bypass line is to reduce warm-up time and to prevent overheating the cylinder head.



(5)
To circulate the coolant after the engine is shutdown, this allows coolant to flow from the cylinder head into the cylinder block via the bypass line.

TRANSITION:  I have covered the components of a liquid cooling system.  Let us turn our attention to operating the engine cooling system.

OPPORTUNITY FOR QUESTIONS

1.  QUESTIONS FROM THE CLASS:           (ON SLIDE #22 QUESTIONS?)








(ON SLIDE #23 END)

2.  QUESTIONS TO THE CLASS:


Q.  What causes the flow of air in an air-cooling system?


A.  Fan flywheel.


Q.  Where is the excessive heat moved from coolant?


A.  Radiator core.

BREAK:                                             

(10 MIN)

TRANSITION:  Now we will continue with the cooling system.


k.  Liquid cooling system operation             

(40 MIN)



(1)
The cooling system circulates coolant to absorb, dissipate, and control the heat emanating from combustion.



(2)
Combustion heat is dissipated in three different ways.




(a)
Convection, by means of air currents.




(b)
Radiation, by waves sent out from the vibrating molecules.




(c)
Conduction, by traveling through the metal into cooling passages (where coolant picks up the heat and carries it to the radiator).




(d)
Heat absorbed by the engine oil is partly removed by conduction.




(e)
The remainder of heat is removed in the oil cooler and oil pan.




(f)
Heat dissipation in itself, would be simple if the cooling system did not have to maintain an even temperature.



(3)
The cooling system must be capable of the following:




(a)
Raising the coolant temperature quickly to prevent excessive engine - component wear.




(b)
Provide for expansion, an outlet for the coolant escape.




(c)
Maintain a greater than atmospheric pressure at the inlet side of the coolant pump.




(d)
Provides a means of venting itself during the filling operations.

SUMMARY:
During this period of instruction I have covered the components of an air-cooled engine, components of a liquid cooled engine, and the operation of cooling systems.

OPPORTUNITY FOR QUESTIONS

1.  QUESTION FROM THE CLASS

2.  QUESTIONS TO THE CLASS


Q.  What are two types of cooling fans used for equipment?


A.  Pusher and suction fans


Q.  What type of pump is commonly used on equipment?


A.  Non-positive centrifugal design

BREAK                                                   (10 MIN)

ADMINISTER EXAMINATION                            
(60 MIN)
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