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An engine can be mechanically healthy
and still stop through loss of cooling.

Readiness depends on both circuits,
not only the temperature gauge.

Absolute Marine

Commercial thinking for private cruising.



ABSOLUTE MARINE TECHNICAL GUIDES AMTG-014  |  UNDERSTANDING ENGINE COOLING SYSTEMS

Educational guidance - not a substitute for manufacturer instructions, pressure testing, engine servicing, survey or vessel-specific professional advice. 2

GUIDE OVERVIEW

What an engine cooling system is
designed to do
The cooling system removes waste heat while keeping the engine within a controlled
operating-temperature range. Most yacht installations use a treated closed-circuit coolant loop and a
separate raw-seawater loop.

SCOPE
This guide focuses on indirect cooling systems commonly fitted to marine diesel propulsion engines.
Keel cooling, direct seawater cooling and specialist arrangements are mentioned where relevant, but
the installed engine and vessel drawings remain the primary reference.

By the end of this guide, you should be able to:
● Trace the closed-circuit coolant and raw-water paths through the engine and exhaust.
● Identify pumps, thermostats, heat exchangers, tanks, hoses, strainers, anodes and monitoring points.
● Recognise restriction, coolant loss, air locks, impeller damage, fouling and exhaust-injection problems.
● Understand why coolant quality, pressure and correct bleeding matter.
● Ask better questions during purchase, survey, maintenance and offshore preparation.

CORE PRINCIPLE Cooling reliability depends on heat transfer and fluid flow. A normal coolant level cannot compensate
for lost seawater flow, and a new impeller cannot compensate for a blocked cooler or collapsing hose.

Safety
Hot coolant can remain pressurised after shutdown. Do not remove a pressure cap or open a hot circuit until the
manufacturer's safe-cooling procedure has been followed. Seawater hoses and strainers below the waterline also create
flooding risk.
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SYSTEM ARCHITECTURE

How heat leaves the engine
Combustion heat moves into metal, coolant, oil and exhaust. The cooling system must circulate those
fluids, transfer heat across clean surfaces and discharge it without introducing seawater into the engine.

ENGINE

Combustion creates
waste heat

COOLANT LOOP

Pump circulates
treated coolant

HEAT EXCHANGER

Transfers heat
between circuits

RAW-WATER LOOP

Seawater carries
heat away

EXHAUST OUTLET

Water and heat
leave the yacht

The two circuits exchange heat but should remain physically separate inside the heat exchanger.

The two main circuits
● Closed-circuit coolant: Treated freshwater/antifreeze circulates through the engine, thermostat and heat exchanger.
● Raw water: Seawater enters through a seacock and strainer, passes through the pump and coolers, then normally joins

the wet exhaust.
● Oil and charge-air cooling: Some engines place gearbox, engine-oil, fuel or charge-air coolers in the same raw-water

path.
● Pressure and expansion: A cap and expansion arrangement control level change, boiling margin and recovery.
● Monitoring: Temperature, level, pressure, flow and exhaust observations provide evidence of change.

SHARED
DEPENDENCIES

One restricted seacock, strainer or raw-water pump may affect the engine, gearbox, charge-air cooler
and wet exhaust together. Trace the actual cooler order and every shared branch.

Direct and keel-cooled engines
Some engines circulate seawater directly through the engine or reject heat through an external keel cooler. These
arrangements change corrosion, winterisation and failure risks, but still depend on controlled flow, clean heat-transfer surfaces
and correct fluid quality.
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CLOSED-CIRCUIT COOLING

Coolant pump, thermostat and engine
passages
The freshwater pump circulates treated coolant through the block, cylinder head and connected coolers.
The thermostat controls the path so the engine reaches and maintains its intended operating
temperature.

PUMP

Moves coolant
through engine

ENGINE

Coolant absorbs
combustion heat

THERMOSTAT

Controls route to
working temperature

HEAT EXCHANGER

Transfers heat to
raw water

Coolant then returns to the pump; the expansion tank accommodates level change and trapped air.

Component Function Owner focus

Freshwater circulation pump Moves coolant through the engine and heat
exchanger.

Seal leakage, bearing noise, drive condition, weep hole and
replacement history.

Thermostat Controls warm-up and flow through the heat
exchanger.

Correct temperature rating, stable warm-up, sticking,
corrosion and replacement evidence.

Engine coolant passages Carry heat away from cylinders, head and turbo or
manifold where fitted.

Scale, corrosion, blocked passages, gasket leakage and
evidence of previous overheating.

Bypass circuit Maintains circulation before the thermostat opens. Correct hose routing, restriction and no undocumented
blanking or modification.

Temperature sender and alarm Report engine temperature and warn before severe
damage.

Sensor location, calibration, wiring, alarm test and
comparison with an independent reading.

Heater or calorifier branch Uses engine coolant to heat domestic water or
accommodation.

Isolation, hose condition, air locks, elevation and
consequences of a remote leak.

THERMOSTAT
REMOVAL IS NOT A
CURE

Running without the specified thermostat can alter flow distribution, extend warm-up and create
local overheating. Diagnose the cause rather than treating temperature control as optional.
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COOLANT AND PRESSURE

Protecting against corrosion, boiling
and freezing
Engine coolant is a working fluid and a corrosion-control package. Correct type, concentration, age and
system pressure protect metals, seals and heat-transfer surfaces.

COLD LEVEL

Correct level before
starting

WARM-UP

Coolant expands as
temperature rises

PRESSURE CAP

Raises boiling margin
and controls recovery

EXPANSION TANK

Separates air and
accepts expansion

COOL-DOWN

Coolant contracts and
returns as designed

Area What can go wrong Owner focus

Coolant specification Wrong chemistry or unsuitable water attacks metals,
seals or inhibitors.

Use the current manufacturer-approved product and
compatible top-up mixture.

Concentration Too weak reduces protection; too strong may reduce
heat transfer or pump performance.

Test using the approved method and record the result,
not only the colour.

Mixing coolants Different additive packages can react, gel or lose
protection.

Identify what is installed before topping up; flush
correctly when changing chemistry.

Pressure cap Weak seal, wrong rating or blocked recovery path
changes pressure and boiling margin.

Correct rating, seal condition, neck, overflow hose and
safe cold testing.

Expansion or header tank Low level, air, blocked connection, cracking or
inaccurate remote indication.

Cold level, mounting, visibility, cap, hose and evidence
of repeated loss.

Coolant contamination Oil, fuel, soot, rust, seawater or combustion gas enters
the circuit.

Colour, film, deposits, pressure after cold start and
laboratory testing where needed.

REPEATED TOP-UP IS A
FAULT

Coolant is not normally consumed in the way fuel is. A falling level deserves explanation: external
leakage, cap/recovery fault, heater circuit, cooler leak, gasket failure or overheating may be involved.
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RAW-WATER SUPPLY

Seacocks, strainers, hoses and intake
condition
The raw-water circuit begins below the waterline. It must deliver unrestricted seawater without air while
remaining safely isolatable for inspection and emergency response.

SEACOCK

Hull opening and
primary isolation

STRAINER

Removes debris and
allows inspection

RAW-WATER PUMP

Creates flow through
coolers

COOLERS

Absorb engine, oil and
charge-air heat

EXHAUST

Water is injected and
discharged

Area Common weakness Owner focus

Hull intake and scoop Fouling, paint, debris, poor orientation or aeration in
certain speed/sea conditions.

Underwater inspection, grate/scoop design, recent
fouling and behaviour under load.

Seacock Seized, partly open, corroded, poorly supported or
inaccessible.

Exercise, label, bonding/condition, handle position and
emergency access.

Strainer Blocked basket, leaking lid seal, cracked housing or
trapped air.

Clean baseline, spare gasket, safe service with seacock
closed and ability to prime.

Suction hose Softening, internal collapse, delamination, chafe or air
leakage.

Full-length inspection, vacuum suitability, clamps, bend
radius and underside condition.

Shared intake manifold One blockage or valve position affects more than one
system.

Branch labels, valve plan, demand under simultaneous
operation and single-point failure.

Strainer differential or vacuum No instrument or no normal baseline hides gradual
restriction.

Know clean and loaded readings where fitted; inspect
after weed, debris or grounding risk.

AIR CAN LOOK LIKE
BLOCKAGE

A loose strainer lid, suction-hose leak or intake emerging from the water in heavy motion can reduce
flow without an obvious external leak. Bubbles and loss of prime matter.



ABSOLUTE MARINE TECHNICAL GUIDES AMTG-014  |  UNDERSTANDING ENGINE COOLING SYSTEMS

Educational guidance - not a substitute for manufacturer instructions, pressure testing, engine servicing, survey or vessel-specific professional advice. 7

RAW-WATER PUMP

Flexible impellers, pump drives and
missing vanes
The common flexible-impeller pump relies on seawater for lubrication. Dry running, age, deformation,
heat and poor pump condition can reduce flow long before every vane disappears.

PRIME

Flexible vanes need
water for lubrication

PUMP

Off-centre cam changes
chamber volume

INSPECT

Check vane set, cracks,
hub and seal leakage

RECOVER

Find missing vane pieces
downstream

A new impeller does not restore cooling if the intake, cover plate, cam, drive or downstream passage remains defective.

Area What to inspect Why it matters

Impeller vanes and hub Cracks, permanent set, missing tips, separation and
hardening.

Reduced displacement or sudden failure removes
raw-water flow.

Cam and cover plate Scoring, wear, corrosion, wrong gasket thickness and
distortion.

A new impeller may still produce poor suction or flow.

Shaft seal and bearings Water or oil from tell-tale holes, noise, movement and
corrosion.

Leakage can damage the drive, contaminate engine oil or
flood locally.

Pump drive Belt, gear, coupling, key or fastener condition. The impeller can be perfect while the pump does not
turn correctly.

Prime and suction Air in housing, closed valve, high lift, poor hose route or
leaking gasket.

Dry running damages the impeller and may prevent
self-priming.

Downstream fragments Missing vanes lodged in cooler end caps, pipes or mixing
elbow.

New parts do not restore flow until fragments and the
original cause are removed.

Impeller replacement
● Confirm the correct part, rotation and vane orientation for the installed pump.
● Lubricate only with a product approved for the impeller and system.
● Inspect the cover, cam, shaft and seal rather than replacing the rubber alone.
● Account for every missing piece and check downstream coolers or passages.
● After restart, verify suction, leaks, exhaust-water flow and temperature under load.
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HEAT EXCHANGERS AND COOLERS

Transferring heat without mixing the
circuits
Tube bundles, plates or stacked coolers provide a barrier between fluids. Fouling reduces heat transfer;
corrosion or seal failure can allow seawater, coolant, oil or charge air to cross that barrier.

HOT COOLANT

SEAWATER OUT

SEAWATER IN
COOLANT RETURN

Scale, debris, corrosion and internal leakage reduce heat transfer or contaminate one circuit with the other.

Equipment Common condition issue Owner focus

Main heat exchanger Scale, debris, blocked tubes, corrosion, failed end-cap
seals or internal leakage.

Cleaning interval, pressure test, end caps, anodes and
coolant/seawater cross-contamination.

Charge-air cooler Seawater fouling, oil film, condensate, tube leak or
restricted air side.

Boost, intake temperature, cleaning history and
water/oil evidence in air path.

Engine-oil cooler Corrosion or seal failure mixes oil and cooling water. Oil/coolant condition, pressure relationships, external
leakage and replacement history.

Gearbox cooler Restricted flow or internal failure overheats or
contaminates transmission oil.

Oil colour/level, gearbox temperature and cooler
position in the raw-water sequence.

Fuel cooler Fouling, leakage or unsupported ageing component. Fuel temperature, leak risk and whether the cooler
remains required by the current system.

Sacrificial anodes Consumed, coated, broken or incorrect anodes stop
protecting cooler metals.

Correct material, inspection interval, fragment removal
and electrical continuity where designed.

CLEANING NEEDS
EVIDENCE

Chemical cleaning can remove deposits but may also expose weak metal or damage seals if the
product and procedure are wrong. Record what was cleaned, how it was tested and what condition
was found.
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CIRCULATION FAULTS

Thermostats, air locks, hoses and
remote branches
A system can contain enough coolant and still circulate poorly. Trapped air, a collapsed hose, incorrect
thermostat, failed pump or badly routed remote branch can create local overheating.

FILL SLOWLY

Use approved coolant
and correct fill point

VENT HIGH POINTS

Air collects above
normal flow paths

WARM AND CHECK

Thermostat opening may
change level

RECHECK COLD

Confirm stable level
and no leakage

Condition Possible clues Why it matters

Air lock Unstable temperature, heater not warming, sudden level
change or poor circulation after service.

Air can stop local flow and expose hot surfaces or
sensors to misleading conditions.

Thermostat stuck closed Rapid overheat as load rises; heat exchanger remains
relatively cool.

Coolant cannot reject heat through the normal route.

Thermostat stuck open Slow warm-up, low operating temperature or poor
heater performance.

Engine may not reach intended temperature and
deposits or wear may increase.

Collapsed or delaminated hose Temperature rises under load, hose changes shape or
restriction is hidden internally.

A hose may look acceptable externally while limiting
flow.

Remote calorifier/heater leak Coolant loss away from engine, damp locker, smell or
unexplained top-up.

A domestic branch can remove propulsion cooling fluid.

Incorrect bypass or valve position System changed after refit or service; flow avoids the
heat exchanger or branch.

Documentation and labels no longer match actual
cooling performance.

BLEEDING IS INSTALLA
TION-SPECIFIC

Do not assume the expansion tank is automatically the highest point. Engines, calorifiers and remote
heaters may need defined vent points or temporary procedures from the manufacturer.
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EXHAUST COOLING AND BACKFLOW

Mixing elbows, wet exhausts and
anti-siphon protection
Raw water normally leaves the cooling system by entering the exhaust downstream of the hot dry
section. This cools the hose and silencer, but creates corrosion, restriction and water-ingestion risks.

HOT EXHAUST

Dry gas leaves
turbo/manifold

MIXING ELBOW

Raw water enters
after hot section

WET HOSE

Water cools hose and
carries gas

WATERLOCK

Controls retained water
and reduces noise

OUTLET

Gas and water leave
the hull

Area What can fail Owner focus

Mixing elbow / injection point Carbon, salt, corrosion, cracking or restricted water
passage.

Age, material, inspection, back-pressure and external
soot/rust staining.

Anti-siphon loop or vent Blocked vent, wrong height, failed valve or poor hose
route.

Location relative to waterline in all conditions and
routine inspection.

Wet exhaust hose Overheat, delamination, collapse, chafe or loose clamps. Rated hose, full-length access, softness, blistering and
evidence of previous dry running.

Waterlock / silencer Crack, poor mounting, blocked drain or inadequate
capacity.

Retained-water volume, failed-start procedure and
backflow risk.

Outlet and transom geometry Following sea or heeling drives water towards the
engine.

Riser height, outlet condition and vessel-specific
operating limitations.

Exhaust-water observation Reduced flow, intermittent discharge, steam or changed
note.

Establish normal appearance at idle and under load;
investigate change before alarm.

REPEATED CRANKING
CAN CAUSE WATER
INGESTION

If the engine does not start, the raw-water pump may continue filling the wet exhaust without
exhaust gas to clear it. Follow the engine and exhaust manufacturer's failed-start procedure.
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MONITORING AND WARNING SIGNS

Learning how temperature and flow
normally behave
Cooling-system condition is easier to judge from trends than a single alarm. Compare warm-up, loaded
temperature, exhaust-water flow and twin-engine behaviour under repeatable conditions.

COLD START

Rapid rise then
controlled warm-up

NORMAL LOAD

Stable temperature
within known range

GRADUAL RISE

Fouling, restriction,
heat or overload

SUDDEN RISE

Flow loss, leak,
pump or belt failure

Observation Possible interpretation Owner response

Gradual temperature rise over months Fouling, ageing impeller, scale, coolant deterioration or
rising propulsion load.

Compare like-for-like conditions and inspect the
complete heat-transfer chain.

Sudden high-temperature alarm Lost raw-water flow, coolant loss, belt/pump failure,
collapsed hose or severe overload.

Reduce load or stop as required; protect the engine
before searching for the cause.

Normal gauge but little exhaust water Early raw-water loss, sensor location delay or partial
branch blockage.

Do not wait for coolant temperature to rise; inspect
flow immediately.

Coolant level repeatedly falls External leak, cap/recovery fault, heater branch, internal
cooler leak or combustion-gas issue.

Record quantity and hours; pressure-test and
diagnose rather than topping up indefinitely.

One engine runs hotter Different fouling, load, sensor, propeller condition, air
flow or cooler restriction.

Compare rpm, load, boost, exhaust and instrument
accuracy before accepting the difference.

Steam, smell or paint change Local leakage, hot spot, dry exhaust, belt slip or coolant
contact with hot surfaces.

Inspect safely after shutdown and identify all
secondary damage.

ALARM LIMITS ARE
NOT TARGETS

Normal operation should provide margin below the alarm. A rising trend that remains technically
below the threshold still deserves investigation.

Useful baseline records
Record coolant temperature, seawater temperature, rpm, vessel speed, engine load, exhaust-water appearance, strainer
condition and any top-up. These details make later comparisons meaningful.
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MAINTENANCE STRATEGY

Inspection, cleaning, records and spares
Cooling maintenance should preserve flow, heat transfer, corrosion protection and leak integrity.
Replacing an impeller annually is useful, but it is not a complete cooling-system strategy.

Area Good maintenance evidence Why it matters

Coolant Specification, concentration, test result, change date, quantity
and contamination findings.

Confirms corrosion, freezing and boiling
protection rather than colour alone.

Raw-water service Impeller, cam, cover, seal, drive, strainer and hose condition
recorded.

Shows whether flow was actually restored and
missing fragments recovered.

Coolers and heat exchanger Cleaning method, deposits found, anodes, seals and pressure-test
result.

Demonstrates condition on both sides of the
heat-transfer surface.

Thermostat and pump Test or replacement, opening rating, leakage and bearing
condition.

Prevents circulation faults being mistaken for
fouling.

Exhaust injection Mixing elbow, anti-siphon, hose, waterlock and outlet inspection. Cooling failure can become exhaust fire, flooding
or water ingestion.

Performance test Stable loaded temperature, expected rpm, flow and no leakage
after service.

A dockside idle test may not reveal restricted heat
rejection.

Offshore spares and tools
● Correct impellers, cover gasket or O-ring, pump service parts and any dedicated puller.
● Approved coolant concentrate or premix, belts, selected hoses, clamps and pressure-cap spare where justified.
● Strainer lid seal, cleaning tools, temporary plugs and safe lighting for below-waterline work.
● Thermostat, temperature sender or relay only where owner replacement is realistic and documented.
● Manuals, flow diagrams, cooler order, refill/bleeding procedure and specialist contacts.

SERVICE AFTER THE
SERVICE

Run the engine under representative load, recheck cold level after cooling and inspect every
disturbed joint. Many failures follow maintenance because air, loose clamps or incorrect valve
positions remain.
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OVERHEATING RESPONSE

Protecting the engine and preserving
options
An overheating event is not one fault with one universal response. The urgency depends on temperature
rise, alarms, fluid loss, exhaust-water flow, engine load and the surrounding navigational situation.

RECOGNISE

Alarm, steam, smell
or changed flow

REDUCE LOAD

Protect engine and
assess urgency

STABILISE

Safe speed, heading
and crew position

STOP / INSPECT

Cool safely and find
fluid or flow loss

REASSESS

Repair, restart, divert
or seek assistance

Evidence Likely areas to consider Response thinking

No or reduced exhaust water Closed seacock, blocked intake/strainer, lost prime,
impeller or downstream blockage.

Protect engine promptly; do not continue loading
while waiting for temperature to rise.

Coolant visible in bilge Hose, pump seal, cap, tank, heater branch, gasket or cooler
failure.

Stop loss, avoid burns, assess remaining level and
do not restart without adequate coolant and
diagnosis.

Temperature rises only under load Fouling, marginal flow, overload, hose collapse, thermostat
or air-side heat problem.

Reduce load and investigate before resuming
sustained passage power.

Temperature spikes after service Air lock, wrong valve, incorrect thermostat, loose belt or
poor refill.

Recheck the work and bleed using the approved
procedure.

Steam or overheated wet exhaust Raw-water loss or restricted mixing elbow while hot gas
continues.

Address fire and hose damage risk; inspect the
exhaust before restart.

Coolant pressurises rapidly from cold Possible combustion-gas entry, severe air pocket or
incorrect fill arrangement.

Do not repeatedly vent and top up; obtain
competent diagnosis.

RESTART DECISIONS
MATTER

A restart may be reasonable after a proven simple blockage or loose belt, but it can worsen coolant
loss, water ingestion, cracked exhaust components or internal engine damage. Base the decision on
evidence and remaining options.

After a severe overheat
Inspect oil and coolant condition, hoses, clamps, pump seals, exhaust components, belt drives and fluid levels. Further specialist
checks may be needed for cylinder-head, gasket, turbo or cooler damage before returning to normal load.
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OFFSHORE READINESS

Buyer questions and readiness checklist
An offshore-ready cooling system has demonstrated stable temperature under load, known flow paths,
current maintenance and a crew able to distinguish a blocked intake from coolant loss, circulation failure
or exhaust restriction.

Area Questions for purchase or survey

Architecture Can the closed-circuit and raw-water paths, cooler order, heater branches and exhaust-injection route be traced
accurately?

Condition Are seacocks, strainers, pumps, hoses, coolers, tanks, caps, belts and exhaust components accessible and credible?

Coolant history Is the coolant type, concentration, age, top-up history and any contamination or pressure testing documented?

Raw-water history Are impeller, anode, cooler-cleaning, mixing-elbow and missing-vane records available?

Loaded performance Does the engine hold stable temperature with normal exhaust-water flow at representative propulsion load?

Overheat history Are previous events explained, repaired and followed by evidence that secondary damage was excluded?

Degraded operation What remains after one intake, pump, belt, sensor, heater branch or shared cooler fails?

Quick readiness check
� Readiness statement

� I can trace the closed-circuit coolant and raw-water routes from intake to exhaust.

� Normal cold level, warm-up, loaded temperature and exhaust-water flow are known.

� There are no unresolved leaks, repeated top-ups, air locks, restrictions or temperature trends.

� Coolant specification, concentration, age and refill/bleeding procedure are documented.

� Impeller, strainer, coolers, anodes, thermostat, hoses and exhaust injection are current.

� Missing impeller fragments and causes of previous overheating have been accounted for.

� Spares, tools and access support realistic owner-level recovery.

� More than one person knows the immediate response to raw-water loss and coolant loss.

KEY TAKEAWAY
A dependable engine cooling system combines correct coolant and pressure, unrestricted raw-water
flow, clean heat-transfer surfaces, reliable pumps and thermostats, sound exhaust injection and early
recognition of changing temperature or flow.

Guidance to consult
Use the installed engine, pump, heat-exchanger and exhaust manufacturers' current operating and service instructions, together with applicable
flag-state, coding, class, insurance, environmental and yard requirements.
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