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AM 1-15

This unit is in two parts. The first half covers the operation of the
Cummins Diesel cooling system and its related components. The second
half covers a brief discussion of installing number 5960 or 6061 Allison
Transmission from 14 or 15 FFD Euclid tractors, or M-45 and LYSW
Mack Tractors.

PART I -- MAINTAINING THE COOLING SYSTEM CUMMINS DIESEL
ENGINES

SE CTIbN A -- IMPORTANCE OF THE COOLING SYSTEM

The great increases in diesel engine speeds and horsepower during recent
years make it increasingly important for maintenance mechanics to under-
stand and appreciate the vital role of the cooling system in maintaining top
engine performance. Accompanying these increases in horsepower and
rpm's, are corresponding increases in the amount of excess heat which the
cooling system must remove from the engine. This excess heat is much
greater than is realized. - The cooling system of a large vehicle for instance,
removes enough heat at cruising speed to keep several large homes warm
in below freezing temperature. To handle this amount of a heat load, the
cooling system must circulate as much as 20, 000 gallons of coolant through
the engine each working shift. If the coolant fails to remove its quota of
heat, excessive temperatures (over 225 F), will overheat the oil, break it
down and cause harmful chemical changes in the oil body. - This in turn
produces sludge and varnish, causing seals and gaskets to become hard
and brittle, and resulting in leaks and eventually cracked heads due to

heat stress.,

-On the other hand, an improperly controlled cooling system which over
cools the engine is equally harmful. When engine operating temperatures
are too low, {below 165 F'), lubricating oil is diluted by unburned fuel and

by sludge which results from condensation of water in the cylinders and
crankcase. .The unburned fuel is a result of the cool cylinder walls retarding
the heating of air during compression, which causes ignition delay. Also
there will be excessive carbon build-up because of incomplete combustion.




AM 1-15

The function of the cooling system is to contrel the temperature of engine
metals within safe limits. To do this properly, the cooling system must
perform four major functions: absorption, circulation, radiation, and
control, see Figure 1.

ABSORPTION , ' CIRCULATION

RADIATION _ CONTROL

et

Fig. 1 Basic functions of the cooling system.
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ABSORPTION - Heat produced by combustion in a diesel engine is trans-
ferred from the combustion areag in three ways. Approximately one-third
is converted into useful horsepower, while another third is removed with

the exhaust gases. The remaining third is absorbed: and carr1ed away by

the lubricating oil, the air stream, and most 1mportant by the coolant. The
hottest part of a diesel engine is the area surroundmg the cylmders Heat

is concentrated part1cularly in the metal making up the combust1on chambers.
In fact, when an engme is operating under full load the cool1ng system gets
rid of enough heat every hour to melt the ent1re engme if it were allowed

to accumulate | o |

CIRCULATION After the coolant absorbs heat fron ,;;he"" engme parts, it
carries the heat to the rad1ator or heat exchanger where 1t is. carr1ed ‘off.

To do this, a number of component parts are reered The most 1mportant
header, the water ]acket the water mamfold the thermostat control and by -
pass connect1on, the radiator, ‘the 011 cooler, and. back to the pump. The
necessary high volume of coolant flow 1s made poss1ble by a recirculation

by -pass which perm1ts flow in the engme block and head areas at all times,
regardless of whether the thermostat is’ opened or'¢losed.  ‘Naturally, if

the passages in the head and block areas are not kept open and clear,

proper circulation is not possible; see Flgure 2. P

RADIATION - After the coolant has circulated through the engine and has
absorbed engine heat, it passes from the engine and enters an outlet hose
connection, usually at the top and front of the engine block, which directs
it to the radiator or heat.exchanger. The hot coolant enters the radiator
through the top tank, then passes through a series of small water tubes
surrounded by fins and air passages. The air stream which is forced
between these tubes and fins by the fan,removes the heat. The coolant,
which has now been ccoled, leaves the radiator and flows through a lower
hose connection to the water pump, and the cycle is repeated. NOTE: It is
extremely important that the fan and shroud be in good condition, and the
fan belts be adjusted to the proper tension. |
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CONTROL - Another function of the cooling system is to maintain correct
engine operating temperature. A thermostat and by-pass connection
prevents circulation of the coolant through the radiator or heat exchanger
until it reaches normal operating temperature. Naturally, the quicker an
engine reaches operating temperature the better. A cold running engine
allows harmful condensation of combustion gases. . This results in sludge
formation in the lubricating oil and increased wear and corrosion of engine
parts. To insure quick warm up, the thermostat and by -pa.ss connection
"olds" the circulating coolant in the engine block and heads until operating
temperature is reached (165 to 195F). Once the engine reaches operating
temperature the thermostat opens.

SECTION B -- COOLING .SYSTEM COMPONENTS

To better understand the parts of a cooling system, trace the flow of
coolant through the engine in Figure 92, Notice that the cylinder liner 1is
of the wet type, in which coolant touches the upper half. Approximately
half way down, a rubber "O" ring encircles the liner, preventing coolant
irom entering the crankcase. | o

After the heat has been removed from the coolant in the radiator, it passes
- from the radiator to the water header (see Figure 2),a large drilling that
extends. the full lengih of the upper portion of the engine block.

WATER HEADER - The water header distributes the coolant to the water
jackets surrounding the cylinder liners in the block and covering the
combustion chambers in the cylinder head. In the block, the water jackets
completely surround the liners and draw heat away from combustion
chambers and valve seats. Water jackets are a very important component
of the cooling system for they permit the coolant to reach the hottest

parts of the engine. If the water jackets are not free of all obstructions,
including dirt, scale, and sludge, coolant circulation may become So
limited that heat will not be carried away fast enough to prevent the
development of damaging '"hot spots'' in the engine.

-5 -
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operating under only partial load, the thermostat by-pass arrangement
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WATER MANIFOLD - After the coolant has passed through the water jackets
and absorbed vast quantities of heat, it goes to the water manifold, then
tc the thermostat housing and by -pass connection. -

The water manifold, see Figure 3, is made up of sections joined together '
by couplings. And, like the water header, it runs the full length of the 1
engine. However, it is installed on the cutside of the engine instead of

being built info it.

THERMOSTATS are constructed toc open when the temperature reaches a
specified level and to close when it drops below that level. They are
identified by their heat range. Standard thermostats start to open at 160 F,
and are fully cpen at 175 F. Higher range thermostats maintain a
temperature 10 to 20 degrees higher. In extreme cold areas, such as
northern Minnesota, even higher temperatures are maintained, to improve

Keep in mind that the thermostat control and by-pass connection performs
a dual function. When a cold engine is first started, the thermostat helps
the engine reach operating temperature quickly. But, when an engine is

prevents the cooling system from overcooling the engine to a temperature
below that which is considered satisfactory for efficient operation. When
the engine operation temperature is below normal, the thermostat closes,
permitting the coolant to circulate only through the engine. The by-pass,
as its name implies, directs the coolant back to the water header when {
the thermostat is closed, see Figure 4. i

RADIATOR - The radiator or heat exchanger, as mentioned earlier,
carries off the heat that the coolant has absorbed as it passes through the
engine. The radiator consists of an upper tank, a core and a lower tank.
The upper tank has an iniet connection to receive engine coolant from the
thermostat housing. The opening at the top of the upper tank has a neck
to which the filler cap is attached. Amn overflow line leads irom a point

-6 -
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mid-way in the neck. This overflow line provides for the escape of excess
coolant if the radiator is overfilled, or if heat expands the coolant and
releases the pressure relief valve in the filler cap; see Figure 5.

WITHNELL TUBE RADIATOR - The Withnell replaceable tube type
radiator, which grew popular on the Mesabi Range and now is almost
exclusively used in the Taconite Mining Industry, can be subjected to the
heavy pounding and vibration which is common to off-highway equipment.
The principle of operation of the Withnell is the same as the radiator in
Figure 5, except that the tubes located between the upper and lower tanks
of the radiator are seated in rubber grommets and are replaceable. The j
conventional type radiator, Figure 5, has all soldered joints and is in one f
piece. It is easy to see where money, and especially time, could be saved ;
should a truck radiator be damaged. Figure 6 shows replaceable tubes
being installed in the old radiator frame.  Notice the rybber grommets
which the tubes slide into. |

PRESSURIZED SYSTEMS - Most cooling systems in use today are

"pressurized". Pressurizing the cooling systemrajses the temperature at

which the coolant will boil and results in more effective cooling, For 5

example, 4 psi pressure raises the boiling point of water from 212 F to

about 225 F. Increasing the pressure even more raises the boiling point

proportionally. Most pressure caps on off-highway equipment radiators
’ are rated at 7 psi.

, To control cooling system pressure, the cap contains both a safety and
pressure release valve and a vacuum valve. When the pressure in the
cooling system is preset, the valve opens. This allows the coolant, under
pressure, to escape through the overflow line until pressure is reduced.
The vacuum valve opens when the pressure in the cooling system drops
below atmospheric pressure. This occurs during cooling after engine

i overheating. The action of this valve prevents the possibility of collapsed
hoses.
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OIL COOLER - After leaving the radiator or heat exchanger, the coolant
travels to the oil cooler and absorbs heat from the lubricating oil passing
through it. Without an oil cooler the only way oil can be cooled is by
_radiation frem the oil pan. Thus with an oil cooler installed it is possible
to equip engines with smaller oil pans.

From the oil cooler, the coolant travels to the water pump and is again
circulated through the coolmg system.

WATER PUMP - All Cummins water pumps are of the "volute" centrifugal
curved impeller type pump. Figure 7 is a simplified diagram showing
how this type of pump operates.

As you will recall from AM 1-11D, in the discussion of centrifugal pumps,
the "volute" refers to the contour of the pump's casing. The casing is
made to form a progressively expanding passageway into which the impeller

. DISCHARGE

|

Fig. 7 Centrifugal pump.
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discharges the water. The volute actually collects the water from the
twirling impeller and directs it to the opening. If this is not clear, re-
view the film AM 1-11D; it will be worth while.

WATER FILTER AND CONDITIONER - The water conditioner, sometimes
called a “"corrosion resistor" is a unit through which coolant is directed

for treatment. Figure 8 shows the corrosion resistor used on the

Cummins Engines.

As coolant enters the corrosion resistor from the bottom, it passes
through a removable cloth filter and over a magnesium corrosion plate.

As it continues through the resistor it picks up certain chemicals contained
in the element, then passes through the outlet line to the cooling system.

The cloth filter removes dirt and foreign particles.

Filter Part Number
COOLING SYSTEM CAPAC!T

COVER GASKET RUMBER
LOWER Com fr mumBER ! i
ROTION PLA p nﬂ SR

cy
" n E
USE ONLY GENUNS emElgn ¢
P REPLACEMENT o in el

Fig. 8 Cummins corrosion resistor.
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Water 1s "softened" by the add1t10n of chem1cal 1nh1b1tors which prevent
a bu1ld-up of 11me depos1ts 1n the cool1ng system passages Lime deposits
from "hard" water would soon clog the radiator and other parts of the
| coohng system

Other chem1cals, called "buffermg agents, " are added to the water to
control its pH or acid concentrat1on ¥ riot checked acids can be ex-
tremely corrosn_re_ tothe_walls_of the coohng system.

The corrosmn res1stor also proV1des a comb1nat10n of chemical inhibitors,
’conta1n1ng chromates, whlch check rust accompanymg corrosion in the
cooling system. =

Electrochemical action which would result in pitting of the metal of the
cooling system, particularly the outer walls of the cylinder liners, is
prevented to a great extent by the action of a replaceable magnesium plate
in the corrosion res1stor Corrosion Wh'ich would ordinarily attack other
parts of the cool1ng system concentrates its action on the magnesium plate,
which is more readily affected than are the cooling system metals. Thus
‘the cylinder liners and b}ock are protected from corrosive action.

SE CTION C -- EVA UATING COOLING SYSTEM FAILURES

HIGH EXHAUST BACK’PRES‘S“[’J‘RE 'Whe'n evaluating cooling system
failures, it is 1mportant to remember that ehgine overheating can result
from causes other than failure of the coohng system. - For example, high
exhaust back pressure causes poor. .engine breathing, which results in

fuel burning within the exhaust manlfold This burning fuel, passing
through the area of the exhaust valve ports adds a considerable amount of
heat to the engine cooclant. Then as ‘the burning fuel passes through the
exhaust manifold, the manifold becomes overheated. Heat from the ex-
haust manifold is transferred externally to the engine coolant in the
adjacent water manifold.

- 14 -
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FUEL SYSTEM - Engine overheating alsc can be caused by an incorrectly
calibrated fuel system. Engine heat is increased so much by overfueling
that the cooling system may be unable to carry away excess heat 'fast
enough.

LOW OIL LEVEL - Improper lubricating oil level is also an important
factor. If the level is too low for adequate lubrication, overheating of
bearings will occur. Such overheating can take place very quickly,
particularly when the vehicle is operating on an incline. If the operator
fails to notice immediately any sudden rise in coolant temperature, the
engire may fail from damaged bearings. |

ENGINE CONDITION - The mechanical condition of the engine can affect
proper cooling. Valve timing and the fit of the p1stons and piston rings,
as well as bearing clearance, can increase the heat outnut of an engine
until the cooling system cannot do an adequate job.

COOLING SYSTEM - Engine damage from overheating can also stem
from cooling system failure. Perhaps the most frequent cause for engine
overheating is insufficient coolant. Loss of coclant may he due te a
leaking radiator or radiator hoses. Coolant also may boil out of the
radiator or evaporate if the radiator tank is too small. -

A leaking radiator usually is easily detected. However, damaged water
hoses are not always obvicus, because they usually start to collapsé or
break apart internally. Naturally, as parts of the hose break away
internally, they may clog the water passages.  This is one of the principal
causes for inadequate engine cooling. |

Water passages also may become clogged by dirty coolant or from scale
formed within the engine. Actually, not all cases of overheating can be.
determined by cbserving the water temperature gauge. A cylinder head,
for instance, may overheat and crack without any warning from the

- 15 -
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temperature gauge. - This could occur since the gauge shows only the
temperature for that part of the system in which it is installed. I the
system is clogged at a point beyond where the gauge is installed, over-
heating may occur without being indicated on the gauge.

Other causes for cooling system failures include a worn water pump,
such as one having serious.y corroded pump vanes, faulty thermostat,
loose water pump belts, loose fan belts, and plugged radiator core tubes.

Air entrainment (presence of air in coolant) and coolant foaming (presence
of oil in the coolant) are both very detrimental to the engine.

Air is entrained, or picked up, as the coolant rushes into the confining
upper tank of the radiator, much the same as would occur when squirting
a garden hose into a bucket of water.

The air thus driven into the coolant is carried down through the tubes into
the water pump, where it forms an "air pocket”, resulting in an "air
locked" pump. Entrainment is more pronounced when the coolant level
of the upper tank is low and coolant splashes in from above that level. I
the coolant level is so low that the radiator tubes are uncovered, air may
be drawn directly into them. The flow of coolant then will be greatly
reduced and may even stop if the pump becomes completely "air locked. "

SURGE TANK - The most effective way to prevent air entrainment in the
cooling system is to provide a surge tank, or auxiliary coolant tank, see
Figure 9. In a system where a surge tank is used at a level above the
upper tank of the radiator, the coolant from the auxiliary tank flows into
the engine cooling system through an inlet connection at the bottom of the
radiator. This maintains the correct coolant level in the upper tank.

A bleeder line is inserted into the top of the upper tank so that any air that
is present may escape to the auxiliary tank. This arrangement eliminates
the causes of air entrainment common in inadequately sized radiators.

- 16 -
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Fig. 9 Co_olir-;g system with auxiliary tank installed.
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COOLANT FOAMING - This condition of the coolant is caused by two
situations. Oil can leak into the coolant through worn gaskets, leaky
seals, etc. Or using a cheap grade of ethylene glycol without a foaming
| additive will quickly contaminate the coolant. As mentioned above,
"coolant foaming is very detrimental to engine components such as heads,
valves, liners, .etc., by creating hot spots and inducing corrosion.

SECTION D -- CARING FOR THE COOLING SYSTEM

ENGINE DEPOSITS - A continual process of physical and chemical
changes in the cooling system results in accumulations that insulate

engine heat from the coolant and restrict coolant flow. Alightaccumulation
may reduce the heat transfer efficiency of the system énough to cause
overheating in hot weather, at high altitudes or under heavy load. Another
aspect of cooling system deposits is the tendency to build up faster in the
hot areas, especially around the valve ports. This causes a local hot

spot condition that is a hidden,but common, cause of overflow loss and
burned valves. Figure 10 shows
the build-up of deposits around
the hot areas of the valves.
These deposits act as insulators
and, if they are allowed to con-
tinue building up, engine
efficiency will be destroyed.

These deposits must be removed
with a cleaner at regular inter-
vals to maintain new vehicle
efficiency. ¥ the system is
‘neglected until heavy deposits
have formed, a major operation
involving dismantling of the

engine becomes necessary.

The use of a rust inhibitor in Fig. 10 Coolant deposits around hot

spots in the engine.

- 18 -




AM 1-15

summer, and an inhibited anti-freeze in winter, reduces the rate of
accumulation. However, rust inhibitors do not protect a system indefi-
nitely; they become contaminated with use, and lose their effectiveness.
Twice a year (each spring and fall) is a satisfactory cleaning schedule
for most operations. | '

RADIATOR DEPOSITS - The most common formations are rust, silicate
or carbonate scale, and sludge. Rusting of the metal surfaces results
from excessive aeration, combustion leakage, or contamination of the
inhibitor. Scale is formed when minerals in the water are deposited on

the cooling surfaces. For this reason, the use of water having a heavy
mineral content should be avoided whenever possible. A very troublesome,
“ but less common, scale is that formed by a high calcium sulphate content.
This gypsum scale resists strong tank cleaners. Sludge is formed when
grease or oil enters the system and is usually present to some extent in

all systems.

CLEANING AGENTS - There are two general classes of cooling system
cleaners: Alkaline cleaners, most effective for removing sludge and
silicate scale, and inhibited acid cleaners, most effective for removing
rust and carbonate scale. It is desirable to use an alkaline cleaner first,
regardless of the type of scale. This insures the removal of sludge that
might otherwise make a rust or carbonate scale from an acid cleaner.

If an alkaline cleaner fails to remove all scale, it can be followed by an
acid cleaner with full effect. Although rust inhibited acid cleaners do
not attack sound metal while cleaning, prolonged contact may result in
corrosive action. For this reason, it is good practice to follow an acid
cleaner with a neutralizer to remove all traces of residual acid left in
the system.

It is necessary to run the engine during the cleaning operation because
cleaning solutions are more effective when hot and in motion. Very
little heat is developed while running without load; partial covering of the
radiator may be necessary to maintain a desirable solution temperature
(180 F to 200 F).

- 19 -
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CAUTION: I there is a doubt as to what to use for cleaning agents, check
the maintenance manual or the nearest engine supplier. '

RADIATOR FLUSHING - Most manufacturers of cooling system cleaners

recommend a flushing operation after the cleaner has been drained, to

~ insure complete removal of loosened deposits. Reverse flow flushing, or
~ back flushing, is the most effective method. This requires the use of a

flushing gun having air and water fittings.

NOTE: If flushing is performed immediately after draining the cleaning
solution, it is advisable to flush the radiator first, allowing the engine to
cool as much as possible.

REVERSE FLUSHING - Disconnect the hoses at the engine, tighten the
radiator cap and clamp the flush gun in the lower hose. Use a hose clamp
to secure the flushing gun in place. The hoses supplied on the vehicle can
be used for this operation, but it is usually more convenient to use longer
lengths, as shown-see Figure 11. Fill the radiator with water and
apply air pressure carefully and intermittently for two or three seconds at
a time to avoid radiator damage. Repeat until the water turns clear. Be
sure to clean and inspect the radiator cap; see Figure 11.

FLUSHING THE ENGINE WATER JACKET - Remove the thermostat,block
off the by-pass by installing a plate
between the by-pass fitting and the
" pump hose, clamp the flushing gun [:_ —=D ‘ _D
in the upper hose and fill the jacket

with water. Use approximately

80 pounds of air pressure to blow
the water from the block. Repeat
until the water runs clear. Don't
forget to remove the plate after LA N
flushing. g i
NOTE: When flushing an engine .

containing a large amount of
loose rust or scale, it is

advisable to remove the water

1
DN
", L)
t .2

1' ‘rvj
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pump. This will provide an unobstructed outlet for the flushing stream,
see Figure 12.

THERMAL CONTROLS - Most Cummins Engines are equipped with either

high (170/185F) or low 160/175F), and in a few cases higher range

{ (180/195F) thermostats, depending on engine application. The lower value
indicates where the thermostat starts to open and the higher value where

‘ it is fully open. Check stamping on thermostat; install same range new
thermostat as that removed.

‘ The opening and closing of thermostats can be checked against a thermom-
eter while immersed in water as the water is brought up to temperature by
heating; see Figure 13.

OTHER THERMAL CONTROLS - Shutterstats for the radiator shutters
must be kept set to operate in the same range as the thermostats with
which they are used. The 180/195 F thermostats are used with shutter-
stats that are set close to 187 F and open at 195 F.

thermostat removed

4 -
<é€air ) ,
water )
|

flushing gun

—~
-~

—

'}.'A.__-J

¥ /JLJ

—

Fig. 12 Reverse flow flushing the engine Fig., 13 Testing thermostat.
water jacket.
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II -- UNIT INSTALLATION -- TRANSMISSION

SECTION A -- PREPARATION FOR INSTALLATION

This portion of the unit presents a step-by-step procedure necessary to
follow when installing a No. 5960 or 6061 Allison transmission into
‘Euclid 14 or 15 FFD trucks or Mack LYSD and M45 trucks. Many of
these procedures apply to other type vehicles; check your maintenance
manuals for differences. Some maintenance and safety precautions will
be inserted throughout the procedure. |

PROPER ALIGNMENT - Before mounting the transmission into the truck,
there must be an alignment check between the engine flex plate and the fly-
wheel housing. This operation is necessary to be sure the flywheel
housing is centered properly with the engine crankshaft. This can be
checked with a dial indicator. An allowance of . 003 is acceptable in
either direction. CAUTION: If the transmission is installed without the
above check being made, and there is a misalignment in excess of . 003,
damage to the equipment may occur.

NOTE: Before proceeding with the next step, check overhead crane
equipment for proper working conditior.

Use overhead crane and lift rebuilt transmission from cart to transmission
floor jack. Roll floor jack and transmission under unit.

SECTION B -- INSTALLING TRANSMISSION

Raise the transmission into position, using the floor jack, and install rear
cradle capscrews. Install capscrews mounting converter housing to fly-
wheel housing.

Remove the transmission floor jack and engine jack or blocking. Install
the top three mounting capscrews through the opening in the top of the con-
verter housing. NOTE: Use new style lock plate to lock capscrews.

- 99
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Install twelve capscrews fastening flex plate to flywheel. CAUTION: When
installing flex plate capscrews, BE SURE they do not fall into the flywheel
“housing. Torque flex plate bolts to 100 foot pounds.

Install top cover plate on converter housirig and floor plate in cab. Connect
transmission shift linkage to selector valve and linkage to brake control
valve. NOTE: Adjust the shift linkage.

Connect parking brake linkage and adjust for proper tension. Connect
speedometer cable, converter, oil temperature gauge connection and
clutch oil pressure gauge line.

Connect oil filter and cooler lines. NOTE: Be sure oil lines are free of
cuttings and dirt. Also check for worn lines and fittings; replace where
necessary.

Install rear driveline from transmission to differential. Check drive-
lines and "'V" joint crosses for wear, and replace where necessary.

Replace transmission oil filter element and fill transmission with new
oil. NOTE: Check the maintenance manual for oil specifications and
capacity. Start engine and, with transmission in neutral, check trans-
mission oil level.

Before road resting the truck, clean up work area and return all tools
to their storage places.

ROAD TEST - When road testing the truck bring up to operating temperature,
(minimum of 160 F and maximum of 250 F)and check for the following:
1. Clutch pressures with engine running at 1500 rpm should be
210 psi minimum to 250 psi maximum in first and reverse gears.
2.. In second, third, fourth, fifth, and sixth gears, the pressures

should be 140 psi minimum and 155 psi maximum.

Make adjustments or repairs if above tolerances are not acheived.

This has been a very brief outline of installing a transmission; more
will be covered in detail in later units on this operation.
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PRINCIPLES OF DIESEL ENGINE ‘CO'OI.'-ING SYSTEMB
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Press A — Check to see that ttmé_r is OFF

1

L

ot

At 2k
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This lesson is designed to supplement Unit No. AM 1-15
class text, Mdntunl:f the Cooling System - Cummins . .
Diesel Engine,’ by asking questions not only on the Cummins
Engine but on cooling systems in general, - -

Much has been said about engine cooling systems in past
units, 8ince both the GM and Cummins‘coonnlg systems
are similar in many respects, this legson will differ from
the others in that questions will be asked on material we
have previously covered. "However, if a question is )
angwered incorrectly, the information will be repeated.

Press A — <

An effectivé coaling system 18 Tequived for high speed
diesels because AT

" No., You are incorrect. We said that between the air,
oil, and cooling systems about one-third of the heat

2 0 L X generated by the engine was carried away, not one-
A. the system must carry away one- '
_created by the ongtn:.y A7 one-halt the heat 3 C
t R
B.  the oil in the engine must be kept cool for __ 4/ Ty this question agin
effective operation, —
C. there is intense heat created around the cylinders. S' Press A ——o¢ - ;
. S 9
’ 1
1
" ’ . . 4 ' 6_— : |
No. That wasn't the answer, The lubricating air . ) .
and cooling systems together help cool the engine, OK, A pressurized cooling system is typical of high
True, the coolant must keep the cil from getting speed diesel engines in vehicles and trucks today.
too hot and bréaking down - which yesults in poor These pressurized lystems cool ‘t“!;g cylinders by
lubrication, but the main purpose of an ‘effective ’ ' e
cooling system is to conl the hot area around the , b
cylinders. A. radiation. =~ ‘
' B. circulation, == /
€. absorption.
Press A ~ 5 ' 1 8'
. 1 t

No. You ave jncorrect. Radiation occurs when the
coolant has absorbed heat from the cylinders and
carries it to the radiator, where air passes over it
and dissipates the heat. The air passing thiough the
fins or core of the radiator actually removes the

il heat. This process gives us heat removal through

0 radiation. ‘ N -

' Press A = K

No. You are confused. After the coolant absorbs

heat from the cylinder walls it circulates to other -
parts of the cooling system, mainly tho radiator. Air
passes over the hot coolant as it circulaies through
the radiator core. - As the air passes over the radiator
core which contains the coolant, the air removes the
heat through radiation, ' :

Press A = X
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|

| |
OK. We aaid that the radiator cools the hest loaded . |
coolant through a process of radiation snd ciroulation, .
What other component of the engine cools by these two .
procsssea? ‘

& Water M’u ‘ q.,‘
B, Meat exchangey, = ' . :
€. Corrosion resistor, 0

* = m e e o -

penegR 930400 nnn-mmmummmnuuun.m

i
L .| e

No. You have chosen the wrong angcwer. ,.'m water
hesder only distribute the cooled water to the cylinder
jackets after it has been cooled by the radiator,
Remember, we said the water header was a large
drilling that extended the full length of the upper
portion of the engine block,

Try this question again.

Press A sg

Q

201 7
o : A _ OK. A heat exchanger performs the same function as
No. The corrosion resistor is & water (coolant) the Tadiator, with one exception,and that is the heat
conditione™ not & heat remover, As the water passes exchanger can also the liquid that is
through the conditioner, corrosive chemicals harmful passing through it, whereas the radiator cannot,
to engine parts are neutralized; In addition, the - A filter = /4
harm{ul effect of electrolysis, ¢aused by the rapid B. heat = /¢
movement of the coolant is eliminated by the magnesium C. pressurize > /3 7
plate in the filter, f
Press A = /| | ' i |
‘ . . 1 i 1 I
! ‘ .
' e '_"J”JT" s e i—
{ BEY K 3"
No. You are confusing water, oil and alr filters with : , %
. heat exchangers. Remember, we talked about the inter/ No. You are confusing & heat exchanger with a water
after cooler or heater used on Cummina turbocharged " pump. A heat exchanger can be used either as a cooler
the summer by circulating water through tubes, with 3 does not pressurize liquid moving through it.
alr passing over the tubes. In the winter, hot water - ' . .
paseing through tubes heated the atr, Try this question again, ]
. . | !
Press A —I‘;l . Press A ~— // X t ]
ooy sesvsane L | —— " '
ZRE 55 ]
OK. A heat exchanger can either cool or heat the i  No. The by-pass tube is to allow coolant to circulate
liquid moving through it.whereas the radiator can only through ths-engine, not the radiator., This allows the
cool the liquid. The engine by-pass in & cooling system engine temperaturs to reach the desired temperature
allows : ' ’ { more quickly. o '
A. coolant to circulate through the radiator only, = N " '
B. coolant to circulate through the engine nly, = /7 prows A ‘ |
C. excessive coolant created by high temperature ‘ Tess A ~— ;
to be drained off. " N /7 B
' ' t
1 1 . !
L3 ,

oy e
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No. You are confusing the overflow tube in the radiator
with the by-pass tube, Remember, we said at low ..
engine temperature, the thermoatats are cloled.

This allows coolant to !low only through the ens!ne.

The purposs of this is to.

A. bring engine temperature up more quickly. = 17

moving parts.

C. give the radiator a chance to build up sufficient /
coolant pressure, 1

B, glve the engine oil & chance to lubricate the____ —_— X ',

it SN vy .

Bl M@ | AM 115D
PN
17

OK. The thermostats are closed when the coolant isat

 low tempesature, allowing only englne coolant to circulate.

This builds up engine temperature more quickly. When
the thermostat () open, coolant flows from

A. the bottom tank to the top tank of the radiator, = lq ' ,
B, the top tank to the bottom tank of the radiator, —
C, the top tank through the tubes to the water pump. ~, 20

No, Youare obviouely confused about the cooling systems
of diesel engines. It is suggested that you review the
following units before going on with thls leuon' :

- AM 14
AMi-4D .. . . ..
AM 1.18 '

If you feel you know the material, and may do better by
continuing with the lesson, PRESS

/7"

No, Coolant always flows from top to bottom in a ‘
radlhtor hecuuse the suction side of the pump pulls

coolunt from the bottom tank of the radiator. Also,

because hot water has a lower specific gravity, which.

would make it rise, and counteract the flow if it flowed

You have answered one or more of the questions

in this seq ~of material incorrectly. Before.
going on, (review $his data again, Read carefully.

and think b you answer, -

Press A  wm ‘,_?

If you want to wait and conti e after reviewing in at the bottom,
| the above material ~ PRES IND. T
N AN
B—-}l? Press A' “2/ .
1
| | 20" -3
. OK. 1In a high speed.diesel engine cooling system there
Remember, the "““‘tm" we havé d"" is one component that allows the boiling point of the
cussed have a top tank and a bottom tank, with coolant to be raised, and permits somewhat higher
tubes and fins in “betwesn, . engine operating temperatures without loss of coolant,
' This component is the . : .
Sress A - 2/ A. thermostat. =2 3
B. pressure cap. s 2
' x)-22
22 <23

No. The thermostat is only 8 means of stopping
the flow of coolant through the radlator. The
correct answer is: the pressure cag allows higher
engine terpperature w;t_hout loss of coolant.

Press 'A - '\QL/
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9!;. Most thermostats on heavy off-highway equipment
_8tart to open around - ¥ and ave fully
open at c

F

A 190, 178 N\ -
B, 168, 170 /RS', B

i C. 178, 195 — 2(p

SREPNER00S 590050800000

N ST - <

OK. A pressure cap has two valves; ons allows
pressure to build up in the system befare opening
(about seven pounds); the other opens under a vacuum
-condition during the cool down period to prevent.

A. loss of coolant, 27
B. collapse of hoses. - < a -
C. the formation of additional écale, —-28 N

. AM 1-15D
4/27/66

L .

No. The c'oruct temperatures on most thermostats
of this type are from 175 to 195F.  Ask your
instructor o show the thermostat test in class.

Proas A = 2" :

el

e ———— e A—— - limtes s = 4

No. Loss cf coolant may occur should the pressure

valve fail to open. The boiling point and above would
 be reached in this case, and the coolant would escape

through the overflow tube. It is a good idea to

peyiodically check the pressure caps to be sure

they are.functioning properly. S

Try this question again.

P?on A —2" . | 2

) upumminm

No. You ave incorrect. The formation of scale
usually is caused by using hard water without &
water conditioner, or by the oil losing its body
and breaking down through averheating. A
system often is neglected, too; this will form

28

- OK. 'thhout the vacyum valve in a pregsure cap, the

coolant hoses may collapse and possibly other damage
may occur if the engine is shut down when extremely
hot, Engine manufacturers always recommend a

" waiting or cooling off pericd before complete engine
shut down. - .

" The Withnell radiator has an advanta:gc over the

standard equipment radiator in that

A

"29

é .
f:

scale. A, hu a larger cooling capacity. - .3 (>
‘ ; B. is repaired more easily. = 2
Ty this queatiqn again, .i C. 18 shockprool, we 3 I
Press A = 2(p 2 ' ' 2
) . sertsep . ' . ‘:'/
30 3] |
No. We said nothing about the cooling capacities of the No. Let's say the Withnell is more shockproof than
two radiators. The answer we want here isithe the standard radiator, because the tubes of the
Withnell is much easisp to repair bacayse the tubss _ Withnell are set in rubbar grommets rather, than
are replaceable, whereas the standard type requires rigidly welded to the top and bottom tank, However,
a complete radiator replacement and welding job. the big advantage is the fact that repair is go much
. : easjer, | :
Press A — 32
' . Press A — 32 2

£kt i i AR TRy Ty e o = e
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OK, The ease of Tepeir i3 the big advantage in using
a Withnell radiator over the standard type radiator,

On Cummins cylinder liners, coolant is in divect

contact with the liner (1) ' and
_{? sepAvites the coolant from the

crankcase, :

A (1) all around
B. (1) upper half
.C. (1) lower half

@ atgnete — 33
(2) an"0" ring = 3 ¢
(2) an"0" ving ~ 33

(1] neeengeR oagRERRIPEIIAN
b L]

OK. "Only the upper part or the hottest portion has
coolant surraunding the liner,

Smaller oil pans on diesel engines ave possible because

A. of the new design of the ail coolers, -3 ‘f

B. of the circulating coolant through the oil . X 7
cooler. -

C. of the high pressure oil system, we 3(0

&

MG NS Yaix -
e

T e T 3.3..

: i AM 1-15D
- f'l' "no“ 4/27/60

.33 I

No. Remembér, we said the liner is replaceable ' !
and coolant 18 in direct contact with the upper half, '
with an "Q" ring separating the coolant (approximately

half way down) from the crankease.

P;ass A= 3 ﬁ

No, The fact that an oil cooler exists at all eliminates t
the need for large oil pans. If it weren‘t for the oil ’
cooler, oil would have to be cooled by radiation in

the oil pan; hence, larger pans would be needed.

Press A == 5 /

[
i

QUNEONARNIINONTIININORNITINIION N

3’(@

No. Oil pi'essure has nothing to do with the
oil being kept cool.  Think, and try this
question again. :

Pr;ess A~ 3‘/

sERsNR [ ] A4 ] L) (LA LA (L] ]}

5

NO. You are incorrect, Remember, the cooling
system has the 7 Ib. pressure cap plus 14.7 b,
atmospheric pressure. When the engine is idling,
the oil pressure is low.

PressA,""é),v?;, o -

|
|

37

. OK. I it were not for the oil cooler, with coolant

passing through this heat exchanger (oil cooler),
oil would have to be cooled by radiation in the oil
pan; hence, larger oil pans would be needed.

The oil pressure is always greater in a diesel engine
than the coolant pressure.

A, True = 38
B. False ~ 37

L1 wees

OK. Coolant getting into the oil causes many problems

and is very critical because coolant mixing with oil

will destroy the lubricating qualities of the oil and t
may ruin the engine. To prevent this, the drain

cock on the oil cooler should be checked periodically

to determine if there is water in the oil, v

Coolant is circulated in a Cummins diesel engine by a -
amagup—

_pump.
B. internal gear type -~

A, ‘gear type
C. centrifugal type === ‘/ /
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No. A goar tffﬂ wmv is uved on the -
GM engine, but a Cumming angine uses i

| AM'1:15D
R 7

¢/

ﬂll Ko

OK, The Cummins uses & volute centrifugal
type pump in which the volute refers to the

A, capacity of the pump.. - 4 -

a centrifugal type pump, B, pump housing shape, =
C. curved impeller action. 43
- Press A ~ 4 / '
2 2
[ 29T000708 000000} ] O0000000008D000RVIINNR0EVRRNNNS "e — : - )
| 72 43
No, The capacity of the pump has nothing to do with | No. The curved impeller blades are fiot called the i
‘the definition of volute, If you will recall inAM 1-11D, i volute, True, the blades twirl inside the volute, ;
“and AM 118, we diecussed fhe shape of the pump's r which is the pump's housing, The volute refers to
casing, it is & progressively expanding passageway, ! the housing shape. It is & progressively expanding
which collects the water from the twirling impsller., ‘ : passageway, which collects the water from the
This is the "volute", ‘ twirling impeller and centrifugally forces it from
' ! the outlet,
. y
Press A = ¢'/ N 4,_/
: ' 5 Press A —
2 i 2

OK. It is just as important to Keep an engine from ' ;
overheating ag it i8 to keep one from overcooling.

The thermostats and shutters control the desired
temperature range. Low temperatures in an englne :
tend to

A- cause poor lubrtcmon due to he.,vy ofl, = 4 (P
B. cause incomplets combustion, == & /

x (e) -» 4 2

these questions and answers again and take“yeoe
time before answering.

You have answered one or moze of the questjons
in this sequence of material incorrectly.

PI;Q;I A — 2 /

T e

You are partially correct. When theengine is first :
started, the oil has to warm up for proper lubrication. ’
However, here we were assuming the engine has been
running but that the temperature controls were _
maltunctioning. The answer is: incomplete combustion
would occur.

Preas‘A_-—‘/7. o |

t . A
7 ' . . . - @ |

OK. Incomplete combustion is one of the results of

‘}7 i

L L.
T B T T La

overcooling an engine. The cylinder walls are not i 3
hot enough to activate combustion. ‘This condition =~ . "

could cause . .

A. an underfueling condition, == 4«?

B. -smoky exhaust and a reduction of horsepower. == & D ;
C. a collapse of water hoses. ¢q N

SRS PARTE SN I NRRrR
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No, It would be the opposite condition. There would .
be an overfueling condition, 1f the combustion was

b delayed or retarded, the unbuzned fuel would probably .
e be escaping from the exhaust valves or running down

» the inside of the cylinder. This condition would result .

- in smoky exhauet and loss of horsepower.

Pross A = SD , . 9

- m—

(oM m@ .| AM1-15D
" f ILM ".-‘;’ 4/21/66
No. Collapse of water hoses is caused by shutting down o
the engine when it {s at high temperature, Remember,

there should aiways be & waiting period and gradual
decrease of rpm's when shutting down a diesel engine.

Pross A — SO

19000 00R00RN00S L} 0008

OK. .Smoky exhaust and loss of houipower may be the
result of overcooling an engine, .

Let's discuss some engine problems as they are re-
lated to cooling system troubles,

Many times, when an engine is overheating it is nat the
faulty of the cooli IYI“gl‘\'l. This is important to keep
in mind when troubleshooting, FTor inatance, high ex-
haust back pressure causes goor enfm breathing.
Again, there is poor combustion in the cylinders, and
< burning fule escapes from the exhaust vaives into the
. exhaust manifold. ‘This additional keat would then be
: transferred .

A. to the cylinder head. = ?f
B lole m o — €3
* C. (-] 1 } ¢ \ Sz 3

"so |

i et m——— i i s+ <o

'5’1

No. The answer we want here is that the heat from the
exhaust manifold would be transferred to the water
manifold surrounding the exhaust manifold. The
cylinder head would probably already be overheated.

P.I'OIB A - 53

You are partiy correct. The heat would be transferred
to the radiator, but first it would be absorbed by the
water manifold which surrounds the exhaust manifold;
then it would be carried to the radiator.

4 Prefss A - {3

52

. OK. The water manifold surrounding the exhaust
mamold absorbs the excess heat and carries it to the
T or.

Excessive enﬁ\e temperatures may also be caused
a tharmostat being installed in reverse. This condition
would result in _ .

o
A. no coolent circulation in the radiator. == 5 S
B. no coolant circulation in the engine. ~_ .~
IS
C. no coolant flow in the by-pass tube.

sapenpipeRRRnRe LI L] L} e (1]} ]

No. You ave incorrect, Coolant would circulate
through the engine and by'i“' tube, but not through
the radietor. 1t would be the same as if the thermostat
were premanently closed. Engine circulating goclant
would just keep rising and rising because the element
that expands the thermostat {rom heating would be

on the radiator side, ’

Press A — { {

sS

.OK. It would be the same as if the thermostat(s)

were permanently clogsed. The heat from the engine

coolant could not expand the element in the thermostat ‘
to open it, because the element would be immersed ;
in the radiatar coolant, , : , '

Should a loak occur in the lubrication system and
oil enter the coolunt,? will this s

A.  decreage rust prevention? == S lo
B. decrease heat transfer from metal t0 o ( 8 ;
coolant?

C. lower the boiling point of the coolant? =~ 7/
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No. Oil does not mix with coolant; it travels
_separately in the coolant mixture, This condition
would not decrease rusting in the engine parts,

Try this question again,

| Press A -—SS—

Y Th

'AM 1-15D
4/27/68
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No, The bolling point of coolant can be lowered
in an engine only by removing the pressure cap
and reducing the pressure within the system.

Try this question again,

APress A -<S

ok. O1il in the coolant would lower the heat transfer
from metal to metal becanse the coolant could not
work at its full capacity if it were diluted with oll,

Formation of scale in engine-coolant passages is
usually caused by ‘ .

A. using alcohol as arti-freeze. ==SF
B. combustion gases in the coolant. o {p©

C. using hard mineral water. w, G|

LTI LI T P L)

No. Alcohol is _Ll.o_t_-_récommended for use in diesel
engines because of its low boiling point, gg because
it might form rust and scale on coolant passages.
The scale is produced by impurities in hard water
being deposited on engine parts.

Press A = (p [

(I1IITITTT]]

No. Combustion gases and air in the coolant system
have nothing to do with scale formation on engine -

cooling passages; this is caused sirictly from using -
water with impurities in it, which eventuaily build
up scale and reduce zngine cooling.

Press A - (p/

o0 |

OK. Hard water, or water with impurities, forms
scale on engine cooling passages. '

To show how very critical scale on engine cooling
passages can be, gu Pose we have a piece of steel
one inch thick. A 1}’ 6" coating of calcium on this
one inch piece of steel will increase its thickness
to the equivalent of 4 7/8" for purposes of heat
being transferred through it.

Silicate d%posits‘ are even more critical because,
for these deposits, this same ratio increases to
16" equivalent.

Press A o= é:

Rust inhibitors require changing periodlcaily in:
the cooling system because they become contaminated
and

A. seek the lower cooling passages, -'(03
B. lose their effectiveness, == b{ -
C. form scale in the cooling passages, = [, ‘/

&3

True, the coolant does become contaminated by
loosening the rust particles; and these particles
are then suspended in the solntion, But the
solution does not seek lower levels of cooling
passages wheri it becomes contaminated.

Try this question again.

Press A == 02 :
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No. Remembor, we aaid that rainerals, suchss
: -calcium and silicates, found in hard water form -
3 scale, not the rust inhibitors, . wn

Try this questionagatn, . . '

A .. Presshl—(pz' o

P it

AM 1.15D
4/21/66

R

OK, Rust inhibitors lose their moctlvenﬁs by being
contaminated with rust particles. This solution should
be changed each spring mguu. g

Coolant fromi the engine cooling system is circulated
through the air compressor for the same reason it is
circulated through the

A turbocharger - éb
B. engine 6 &
C. water pump A 7 : -3

No. The turbocharger is not water cooled;
it is only lubricated by the engine lube
system. - '

Try this question again.

. Press A —(,{ 3

Qi
A

‘No. ‘The water pump is the component that makes the
engine cooling system pressurized. The answer we
want.here is engine, because an air compressor is
basically an engine. 1: has a piston, rings, a
crankshaft, etc. - Remcinber, it runs constantly; and
when air is compressed it creates great quantities

of heat that must be carried away; hence, the coolant
circulation. ‘

Press A .. (’g 3

Right. The air compressor requires cooling, just as {
the engine does, because of the heat generated by . [
compressing air. = - o

Without a by-pass tube in a diesel cooling lystet'n there
would possibly be engine seizure wiih the expansion '

occurring__- e
" - 069

70

A. in the lower half of the pistons. ,
B. around the ring avea of the pistons. =

7

No. The lower portion of the engine would be cool

" compared to the upper half,due to the coolant not being
able to circulate until the thermostats opened, which
could be too late.

PressA = 70 -

C. uniformly throughout the entire engine. = (, q 3
3
" ; » seesey
70 7/
OK. The hot area would be around the tops of the i You ire p:rtllll:rncorrect..d High exhaust bac‘:k
i . ' anion of the fnetal : ressure is usually caus a restriction
p_lStfm." A u“?' the expuision ol thie .M he exhaust systemy. u thubgondmon is allov';ed
pussible SeiRUFe, Coe to continue, the coolant would heat ur in the
. - water manifold surrounding the exhaust manifold
Another condition that can cause engine seizure is : !'!'gv :3‘:1}’ gﬁte hot ";‘;“s'; g‘wéeh:rngigz::ﬂﬁlge-
. . torml_t::;l b:: tl.;:tle ag'o‘un%d the :;tonl. "l‘hls
-prevents heat from carried away from
A. high exhaust pressure. = 71 he piston lindrs, causing possible seizure.
B. formation of scale. == 73 ST ' - : :
C. 1088 Of & PrESSUTE CAP. wm Zgd Fress A 75
. . . . . 3 . . . 3
; e
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True. The pressure cap may lead to engine selzure - OK. The formation of e-ale around piston coolant

|
eventually. If the engine is cperating continuously, ! I ariges would probably cause piston seizure '
n n waic . osBure ow : manuf: ;
to mak:.‘ %’ho pressure cap thcn?:ould fail, and allow i 5 :;Srmont‘,od,:l‘t‘l‘:ih:u&lom ol:tc‘::l.;.lta."
the coolant to boll out, causing engine seizure from . icularly around the outside of the e,u:!'.,
overheating. - mu. M{or much research it was found to
However, the answer we wanted heve was: the o tho MECPADLER] Wostne cony o thates moeult of
formation of scale around the piston coolant W"f"' action of the fluid. These conditions are:
This grovontl heat from being carried away, causing ie. CAVITATION and ELECTROLYSIS, Eloétrolynu
possible piston seizure. , | i . has been pretty well checked by the use of a water
: .8 conditioner which we discussed earlier.
| Press A 3 | ) 1 ;: Press A 7 ‘5 _ o 4
| X ( C) - 7‘/ -----
vesftes ’ . .
) .
! 73 z 7‘/
For many yedrs, engine manufacturers were v
confronted with the problem of meta} pitting, :
B A on o he, utelde of the iinder ’ augitions 1n s SEIremmmecty”
be caused by two conditions, both as a vesult of oy to!" In this sec correctly.
the mechanical wearing away of metal surfaces by - F : m over ayain think
action of the fluid. These conditions are: carefully before answering.

CAVITATION and ELECTROLYBIS. Electrolysis
has been pretty well checked by the use of & water
conditioner which we discussed earlier, i

Press A - 75

- Press A — ‘/7

Cavitation is caused by the fluid leaving the metal = . B h t

guiding surface, such as in the impeller of a water ) When this action is repeated in rapid succession the
fump. When the fluid leaves the surface, a vacuum metal is actually worn away, and other mechanical
8

formed, Into which air and fluid vapor are liberated effects may be produced, such as noisy operation
from the fluid to form a bubble. This bubble is ) : and vibration due to the repeated blows of the
carried along with the fluid into an area of high . collapsing bubbles. - .
ressure where the bubble suddenly collapees . - _
?implosion) and may develop a pressure of 2avaral ' ¥ A solution that helps to retard implosion and pump

thousand pounds per square inch to compress the .
air in thopgubble.pe'rli.fql pressure may be sufficieutly
high to drive the particle of air into the metal,
causing pitting.

cavitation is the use Mrulurlzod cooling systems.
This makes it more difficult for the fluid to part
from the mefal surfaces. :

Press A — 7@ _ .' u

e ——
- e — ——— (————— -~

ﬁo. -H ressure is associated with water 8 on
Cavitation could be described as 2 Highp pump

the outlet side, This has little to do with pump _ o
‘ - ’ | cavitation. o

A. condition where high pressure exists, like -7 ? ' o _ o

in a water pump. . A Try this question again after reviewing the last few
B. situstion where tremendous pressure builds _ 79 . {rames. '

up on the pump outlet due to & restriction. : oo
C. condition where liquid does not entirely fill o= 80 . Read carefully. - .

the existing space. ‘_ » :

" ,‘  PressA -73,/2 o 4
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may damage the pump. - However, thip de notthe:. -

meaning of cavitation, Anawer this m Qﬂl - F

after reading the Insf few !uml M

Read cavofully. o 1

PressA - 73 LR ey ' 5
. it

8 ‘ .
- - iX B
+
fade Ddedr' A-initd
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No. The bubbles do not burst, they collapse. This s
the opposite of explosion; it is smplosion, -

Press A «= 33
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Correct.

Actual pitting of the metal of the cylinder walls takes
place as a result of

s

A tmpurtties 1n the water. = &
B. "the fluid traveling from the pump to the ouln g &

_ passages under pressure. :
C. the fluid with vacuum bubbles hitting the !
high pressure ares. Ny l? 1.
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'A. bubblu formed by vacuum bursting under . ¥ '
pressure.

B. bubbles formed by pump cavitation collapsing ..
under pressurs.

C. too much space for the liquid .t§' {11 N g %

g3

g

e
Ks
-

. No. This s ot implosion; it is pump cavitation. The

fact that liquid cannot 11l the space created by the
impeller resits in the formation of the bubbles. - The
_collapsing of the bubbles is implosion.

PressA — 83

e nommnlmmnlmuummmunnn-nmnununl L
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No. We talked of the impurities of the water forming
scale consisting of calelum and silicates, but not '
causing pitting of the metal. The answer we wanted
hezs is: pitting around the outside of the cylinder
liners is caused by cavitation and the collapsing
bubbles in the high pressure areas.

rressa — 8o

mle'.'u!!mmmunmlmnnuinuooommommnmmonnn :

7@1; :

. » o '*m"mmwmm —y
. : aused .
No. Inall pressurized cooling systems the coolant 4 i cm ' w '
travels under pressure {rom the pumy; to the engine O Another eondition that increase ww cuvlmlon is
coolant passages. The answer we wanted hore was: - rutrictlou in the inlet side of the pump, which would
the fluid with vacuum bubbles hitting the high pressure : S & s o ‘3."".,,‘;;‘}’,&,:‘:‘.,‘:‘.‘2,‘}{,,‘:&'},,
area causes implosion of the bubbles and pmms of the the flow could not meet the intake capacities of the
metal around the high pressure areas. unp. ' !
' mu ltulotmporuut maintain a clean
BaTepEmiay
PressA = 8‘0 : : e eptpmant M f
: ' ¢ PressA — g7 S
4 i . .
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| | T OO “Yoiy have answered onb o more of
This. completes the mtmu on eoounm . " the questions 4t
particularly the Cumming ooouum m 3 ' fnoorrectly{ Read them our
the cooling system is ond of the four flows in & dissel again, and ¢ m ore

engine and if ane of thees four {ails, the ® osipment answering, .
is out of commission. : - S CL
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INSTRUCTOR'S GUIDE

I - Maintaining the Cooling System
Cummins Diesel Engine AM 1-15

‘Pitle of Unit: II - Unit Installation - Transmission 4/26/66

FIRST: Be sure all questions have been answered that students might
have on home study units.

OBJECTIVES:

.1, To introduce the Cummins cooling system by discussing why it
is so necessary for maintenance mechanics to keep the system

in top working order.

2. To get the student acquainted with terms like circulation,
radiation, control and how these terms relate to the cooling

system.

3. To discuss cooling system components and how to evaluate
system failures. ’

4. To give the student a brief look at installing a transmission.

LEARNING AIDS suggested:

WALL CHARTS: Bulletin No. 983496 - Cummins V6/V8 Coolant Flow
Bulletin No. 983414 - Coolant Flow/Thermostat Statistics

Bulletin No. 983417 - Coolant Flow with Expansion Tank

VUE CELLS: AM 1-4 6& Thermostat Operation
~ AM 1-4 (7) Radiator - Shutter Arrangement
AM 1-4 (8) Radiator Pressure Control Cap |
AM 1-15 (1) Coolant Flow Through a Cummins Engine
AM 1-15 2; Disassembled V12 Water Pump
AM 1-15 (3) Centrifugal Pump

MODELS: Any components of the Cummins Cooling System would
be beneficial to bring into class. Items such as:
water pump, thermostat, water filter, corroded water

hose, pressure cap, etc.

NOTE: Instructor can conduct the thermostat test in class
if desired.
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Instructor's Guide for AM 1-15
Page Two

QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

1. Why is the cooling system so important in a diesel engine?

2. What effect will excessive heat have on the lubricating system?
3. How can overcooling cause ignition delay ?
4

Approximately how much heat is carried away from an engine by
the oil, air, and cooling system? - Where does the rest go?

5. What is meant by circulation, radiation, and control in relation to
the cooling system?

6. What type of cylinder liners do Cummins engines use? Explain.
1. What is the purpose of the water header? Where is it located?

8. Where is the water manifold located? How can it be distinguished
from water header ? |

9. How are thermostats identified?

10. How does a Withnell radiator differ from standard equipment?
What are the advantages of this type radiator?

11, Does the Cummins water pump have curved impeller blades?
12, What is the purpose of a water filter? What could happen to an
4 engine with hard water in the cooling system and no water
conditioner ? | .
- 13. Why is it important to periodically check the exhaust pressure?

14, What is an air pocket in the cooling system? How will an air
pocket affect the water pump?

15. Why is flushing the radiator important?

16. When do you use a dial indicator in transmission installing?
Explain.

17, What doyou test for when road testing a truck after installing a
rebuilt transmission?
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