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What an exhaust system is designed to
do

The exhaust system carries combustion gases safely away from the engine and occupied spaces while
controlling heat, noise, back pressure and - on wet systems - injected seawater.

This guide covers common dry, wet and gas/water-separator arrangements used with marine diesel
propulsion and generator engines. Exact geometry, limits and materials are installation-specific, so the
engine and exhaust manufacturers' instructions remain the primary reference.

By the end of this guide, you should be able to:

®  Trace the exhaust path from manifold or turbocharger to the hull outlet.

® Distinguish dry sections, water-injection points, wet hose, waterlocks, risers and separators.

® Recognise corrosion, heat damage, back pressure, gas leakage, restricted water flow and water-ingress risk.
Understand why failed starting, siphoning, trim and following seas affect exhaust safety.

Ask better questions during purchase, survey, maintenance and offshore preparation.

CORE PRINCIPLE An exhaust system must keep hot gas and seawater moving in the correct direction. Reliability
depends as much on geometry, support and installation condition as on the individual parts.

Safety

Exhaust equipment contains hot surfaces, toxic gases and seawater paths connected to the hull. Do not remove insulation,
open hot joints or dismantle below-waterline connections without the correct shutdown, cooling and isolation procedure.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice.
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Dry, wet and separated exhaust
arrangements

The basic purpose is the same, but the risks differ. Dry systems emphasise heat, expansion and gas
containment; wet systems add seawater flow, retained-water capacity, siphoning and backflow.

DRY EXHAUST WET EXHAUST SEPARATOR
Gas remains dry to Cooling water joins gas Gas and water split Water-cooled risers or
an elevated outlet before hose and muffler before separate outlets vessel-specific layouts

The correct arrangement depends on engine limits, vessel geometry, outlet position and intended operating conditions.

How the system fits together

ENGINE TURBO / MANIFOLD HOSE / MUFFLER OUTLET
Combustion creates Collects gas and Controls geometry Cools, contains Discharges gas
— — — —
hot gas extracts energy and water injection and reduces noise and water safely

Monitoring includes water flow, temperature, smoke, soot, back pressure, sound and carbon-monoxide detection.

®  Dry exhaust: Hot gas remains dry through insulated metal pipework to an elevated outlet.

®  Wet exhaust: Raw water is injected downstream of the hot section so flexible hose, waterlocks and mufflers can be used.

®  Gas/water separation: Mixed flow enters a separator and leaves through different gas and water outlets.

®  Water-cooled riser: A jacketed section may reduce surface temperature while keeping cooling water separate until the
designed injection point.

®  Monitoring: Exhaust-water flow, temperature, smoke, soot, sound, back pressure and carbon-monoxide alarms reveal
changing condition.

OWNER INSIGHT Do not judge an exhaust installation only by whether it is quiet and leak-free at idle. Geometry and
back pressure must remain safe at full load, heel, trim and realistic sea conditions.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 3



ABSOLUTE MARINE TECHNICAL GUIDES AMTG-015 | UNDERSTANDING EXHAUST SYSTEMS

Manifolds, turbo outlets, joints, supports
and insulation

Before seawater injection, exhaust components operate at high temperature. They must contain gas,
tolerate engine movement and thermal growth, and avoid transferring weight into the manifold or
turbocharger.

MANIFOLD / TURBO SUPPORTED PIPE INSULATION
Hot source and Allows movement and Carries weight without Controls surface heat
engine connection thermal expansion loading the turbo and fire exposure

Manifold and turbo outlet Cracking, loose fasteners, gasket leakage, corrosion or Soot marks, ticking sound, smell, temperature, fasteners
distortion. and service history.

Flexible bellows or coupling Fatigue cracking, over-extension, poor alignment or heat  Correct installed length, no weight support duty and
damage. freedom to move as designed.

Pipe supports and hangers Loose, corroded or rigid supports transmit load to Independent support, expansion allowance, vibration
engine components. isolation and accessible fasteners.

Lagging or insulation Damage, oil contamination, hidden corrosion, loose Fire-safe condition, complete coverage, removable
cladding or exposed hot surfaces. inspection sections and no trapped leaks.

Penetrations and fire boundaries Heat or gas passes into structure, stores or Clearance, insulation, seals and no combustible material
accommodation. against the exhaust.

Drain or condensate arrangement Corrosive liquid accumulates in low points or returns Approved drain route, accessible inspection and no open
towards machinery. path for gas or water.

Lagging reduces fire and burn risk but can conceal cracks, soot and corrosion. Planned inspection
must include the underlying pipework, not only the outer cladding.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 4
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Mixing elbows, water-cooled risers and
corrosion

The injection point is where a hot dry exhaust becomes a wet exhaust. Its internal geometry must
provide even mixing without allowing seawater to reach the turbocharger or engine.

DRY GAS MIXING WET HOSE WATERLOCK
Leaves turbo or Water enters after Flow cools gas and Carries mixed gas Collects retained water
dry riser adequate dry rise wet components and water between pulses

Area Common weakness Owner focus

Mixing elbow Internal corrosion, salt, soot or carbon narrows gas and Age, material, replacement history, external staining and
water passages. internal inspection where possible.
Water-cooled riser Jacket leakage or internal failure lets seawater enter the ~ Pressure test, fabrication quality, drain points, mounting
dry gas path. and documented inspection.
Injection hose and fittings Restriction, chafe, wrong valve position or poor Flow, clamps, hose rating, route, vent loop and
anti-siphon arrangement. relationship to waterline.
Dry rise height Injection occurs too low relative to waterline, heel or Measured installation geometry under loaded and
retained water. worst-case operating conditions.
Temperature transition Poor water distribution overheats one side of hose or Exhaust-temperature alarm, hose condition and even
muffler. external temperature after start.
Back pressure at elbow Combined soot, corrosion and water restriction Loaded performance, smoke, turbo boost and measured
overloads the engine. back pressure when required.
REPLACEMENT BY AGE
ALONE IS NOT A replacement interval can reduce risk, but the installation still needs inspection. Water chemistry,
I duty, material, fabrication, temperature and geometry all influence elbow life.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 5
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Hoses, waterlocks, mufflers and
gas/water separators

After injection, the mixed stream is cooler but still carries heat, pressure pulses and substantial water.
Hose condition, support, retained-water volume and drainage all affect reliability.

ENGINE OUTLET DOWNHILL RUN WATERLOCK HULL OUTLET
Gas provides the energy Mixed flow reaches the Stores water when engine Creates height before Releases gas and water
to move water waterlock is stopped discharge overboard

Waterlock capacity and pipe geometry must suit the total retained water and the engine manufacturer's cranking limits.

Wet exhaust hose Carries mixed gas and water while accommodating Correct rating, softness, blistering, delamination, collapse,
movement. chafe and clamp condition.

Waterlock / waterlift muffler Collects water when stopped and uses exhaust pulses  Capacity, mounting, cracks, drains, inlet/outlet orientation
to lift it towards the outlet. and failed-start limits.

Inline silencer / muffler Reduces noise and may shape gas/water flow. Internal collapse, water retention, support, heat damage

and back pressure.

Gas/water separator Separates the mixed stream into gas and water Internal condition, drain route, mounting, water outlet
discharge routes. backflow and gas-outlet leakage.
Hose supports and bends Maintain route without crushing or trapping excessive  Sagging, unsupported weight, sharp bends, low points and
water. movement under engine load.
Clamps and connections Contain gas and water at every joint. Correct type, corrosion, access, tightening,
double-clamping where appropriate and no cutting into
hose.

A brief loss of cooling water can damage the internal structure of hose or mufflers without immediate
external rupture. Inspect and replace affected components according to manufacturer guidance.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 6
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Risers, anti-siphon loops, cranking
limits and sea conditions

Water can reach an engine from its own cooling circuit or from outside the hull. Safe geometry must
account for the static waterline, heel, trim, following seas and the water accumulated during failed

starting.
FAILED START FOLLOWING SEA HEEL / TRIM
Pump adds water but no Cooling water continues Outside water reaches Geometry changes with
exhaust clears it after pump stops an exposed outlet vessel attitude

Repeated failed starting Raw-water pump continues adding water while no exhaust =~ Know maximum cranking attempts, drain procedure
gas clears the waterlock. and when the seawater supply must be controlled.

Cooling-water siphon Water continues flowing after shutdown because the Correct anti-siphon loop height, clean vent and no
injection point is below the source level. blocked or permanently closed vent valve.

Following sea or stern immersion External water pressure reaches an outlet and travels into QOutlet geometry, riser height, non-return features
the system. where approved and operating limitations.

Heel and trim The effective height between engine, injection point, Assess realistic loading, tanks, stabiliser operation,
waterlock and outlet changes. manoeuvring and damaged-condition attitude.

Waterlock overfill Retained volume exceeds capacity due to hose length, low = Calculate actual drain-back volume and keep hose
points or repeated stops. routes consistent with the approved design.

Internal cooler or riser leak Seawater crosses a failed wall into the dry exhaust path. Pressure testing, unexplained water, corrosion and

post-shutdown inspection.

HYDRAULIC LOCK CAN
CAUSE MAJOR
DAMAGE

Water in a cylinder cannot be compressed like air. Attempting to crank or start an affected engine can
bend connecting rods, damage pistons, valves or the starter system and spread corrosion.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 7
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Why exhaust restriction affects power
and reliability

The engine must push exhaust gas through every pipe, bend, silencer and water column. Excessive
restriction reduces the pressure difference across the engine and turbocharger.

LOW / NORMAL EXCESSIVE MEASURE
Engine breathes freely Fouling, bends, hose or Power loss, heat, smoke Test at specified load
within design limits water accumulation and turbo stress and test location

Possible effect Evidence to consider

Restricted mixing elbow Reduced gas area, poor water mixing and rising engine Black smoke, lower maximum rpm, high exhaust
load. temperature and internal deposits.

Collapsed or delaminated hose Flow area decreases, sometimes only when hot or under External softness, changed sound, loaded
suction/pulse. performance and internal inspection.

Excessive bends or undersized pipe Installation imposes permanent restriction. Design records, pipe size, bend radius and measured

back pressure at rated load.

Water accumulation Engine must lift an excessive water column before Waterlock capacity, hose sag, outlet rise and irregular
discharge. surging discharge.

Blocked outlet or separator Debris, internal failure or external submersion restricts QOutlet inspection, separator drains and operation
discharge. across speed/sea conditions.

Soot-loaded dry system Deposits increase resistance and fire risk. Cleaning history, exhaust temperature, engine

loading and internal inspection.

MEASURE AT THE Back-pressure limits and test locations are engine-specific. A low reading at idle does not prove the
CORRECT POINT system is acceptable at rated load.

Operational clues

A gradual loss of top rpm, increased fuel use, black smoke, rising exhaust temperature or turbocharger change can be caused by
exhaust restriction as well as air, fuel or propulsion-load faults.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 8
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Exhaust leaks, carbon monoxide and hot

surfaces

Exhaust gas can enter the engine room or accommodation through a failed joint, cracked component,
ventilation path or poorly positioned outlet. Carbon monoxide may be present even when no strong

exhaust smell is noticed.

LEAK SOURCE

Crack, clamp, gasket

or dry joint

Gas mixes with hot Fans or pressure move

machinery-space air gas through yacht

ACCOMMODATION DETECTION

Crew may not smell or Alarms and symptoms

recognise CO require immediate action

What to inspect or test Why it matters

Dry joints and gaskets

Wet joints and clamps

Insulation and shields

Engine-room ventilation

CO alarms

Crew symptoms

Soot, ticking, looseness, cracked welds, failed bellows
and heat staining.

Water, soot, salt, corrosion and leakage under load.
Coverage, contamination, fasteners, hidden hot spots
and clearance.

Air pressure, fan direction and pathways towards
accommodation.

Location, expiry, power source, test function, alarm
audibility and replacement history.

Headache, dizziness, nausea, confusion or unusual
fatigue affecting several people.

Hot gas can ignite material, damage wiring and spread
CO.

A wet leak can become gas leakage, flooding or hose
separation.

Exposed surfaces create burn and fire risk; oil-soaked
insulation can support combustion.

Ventilation can move leaked gas through doors, ducts
and service spaces.

Detection provides warning where smell and visual
inspection may not.

Treat possible exposure as urgent: move to fresh air,
stop the source if safe and seek medical help.

DO NOT INVESTIGATE
EXPOSURE ALONE

If a carbon-monoxide alarm operates or people develop compatible symptoms, prioritise fresh air,
accountability and emergency assistance. Do not remain in a contaminated space to search for the
leak.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice.
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Discharge position, sea state and fumes
returning onboard

The final outlet must discharge freely without creating excessive back pressure, seawater backflow or
recirculation of fumes into accommodation, cockpit or neighbouring vessels.

FREE DISCHARGE

Outlet remains clear of

water and obstruction

FOLLOWING SEA

External water loads
the outlet

Outlet near waterline

Transom station-wagon effect

Generator exhaust at anchor

External obstruction

Gas/water separator outlets

Soot staining on hull

Submersion changes back pressure and allows water
entry.

Low pressure behind the yacht draws fumes forward
into cockpit or openings.

Calm wind or nearby structure recirculates gas.
Growth, debris, fenders, tenders or modifications
restrict the outlet.

Water outlet backflows or gas outlet leaks into
structure.

Combustion, loading or outlet-flow issue is leaving
persistent deposits.

Wind and wake may recirculate

fumes towards openings

NEAR ANOTHER BOAT

Neighbouring exhaust can

enter accommodation

Possible issue Owner focus

Loaded waterline, heel, trim, wake, following sea and
outlet condition.

Ventilation, doors/windows, speed and whether alarms
activate only at certain conditions.

Outlet side, neighbouring boats, tender position and
open accommodation vents.

Visual and underwater inspection plus no storage
against outlet routes.

Separate routing, drains, anti-siphon geometry and
internal inspection.

Trend against engine load, smoke, injector/air condition
and exhaust restriction.

At anchor or alongside, exhaust from a nearby yacht or generator may enter through your own
openings. Alarm response should consider external as well as onboard sources.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 10
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Learning what normal exhaust operation

looks like

Changes in water flow, sound, smoke, soot, smell, temperature and vessel performance often appear
before complete failure. Inspect at start-up and again under representative load.

Reduced or intermittent exhaust water
Steam or hot rubber smell

Soot around a joint

New ticking, drumming or surging
Black smoke and low maximum rpm
Water in cylinders or air intake

CO alarm or crew symptoms

Raw-water restriction, impeller problem, air leak, blocked
injection or separator issue.

Insufficient injection water, dry-running hose or high
exhaust temperature.

Gas leakage from gasket, weld, bellows, clamp or cracked
component.

Dry leak, loose support, water accumulation or internal
muffler damage.

Exhaust restriction, air restriction, injection fault or
propulsion overload.

Backflow, cooler/riser leak, overfilled waterlock or
failed-start sequence.

Onboard or nearby exhaust entering occupied spaces.

Protect engine and wet-exhaust components
before waiting for a temperature alarm.

Reduce load or stop; inspect hose, muffler and
water supply after safe cooling.

Treat as a toxic-gas and fire defect, not cosmetic
staining.

Compare in/out of gear and across load; inspect
supports and internal flow.

Do not assume one cause; include measured back
pressure in diagnosis.

Do not crank; isolate water source and obtain
competent diagnosis.

Move to fresh air, ventilate, stop sources if safe
and seek emergency/medical help.

DO NOT NORMALISE IT

A familiar soot mark, recurring hot-hose smell, CO alarm that 'only happens at idle' or engine that
regularly struggles to clear water has an unresolved defect.

Useful baseline records

Record engine load, rpm, exhaust-water appearance, smoke, back pressure where measured, dry and wet section temperatures,
CO-alarm tests and any change in sound or outlet behaviour.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 11
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Inspection, testing, records and service

evidence

Exhaust maintenance must look beneath insulation and beyond the visible hose. Geometry, internal
corrosion and loaded performance cannot be confirmed by a quick engine-room glance.

Good maintenance evidence Why it matters

Dry section

Mixing elbow / riser

Wet hose and waterlock

Anti-siphon and geometry

Back-pressure test

CO detection

Post-service loaded test

Insulation removed periodically, welds/joints inspected, supports
checked and leaks repaired.

Age, material, internal condition, pressure test and replacement
reason documented.

Full-length inspection, heat history, clamps, supports, drains and
retained-water capacity checked.

Vent serviced, heights confirmed and system reviewed after refit
or loading change.

Measured at the manufacturer-specified location and
representative load.

Alarm test, replacement date, power supply and accommodation
coverage recorded.

Water flow, temperature, smoke, leaks, sound and maximum rpm
checked.

Spares and recovery equipment

Controls fire, CO and mechanical-load risks.
Addresses hidden restriction and water-ingress
risk.

Prevents delayed failure after overheating and
excessive back pressure.

Protects against post-shutdown siphoning and
backflow.

Confirms the complete installed route, not only
component appearance.

Maintains warning against invisible toxic gas.

Idle operation may not reveal restriction,
movement or heat damage.

®  Correct wet-exhaust hose sections, clamps, gaskets and fasteners where replacement is realistic.

®  Anti-siphon valve service parts, strainer/impeller spares and raw-water components that protect injection flow.
®  Heat-resistant repair materials only where specifically approved as a temporary measure.

[ ]

CO alarms or portable detector, lighting, gloves and respiratory/evacuation awareness - not improvised entry into

contaminated spaces.
®  Current diagrams, cranking limits, waterlock drain procedure, back-pressure limit and specialist contacts.

Fabricated risers, turbo/manifold repair, back-pressure diagnosis, structural outlet changes, pressure
testing, internal water-ingress diagnosis and persistent CO or fire defects require competent
specialists.

WORK TO REFER

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 12
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Protecting people, machinery and the
yacht

An exhaust failure may involve several hazards at once: hot gas, fire, toxic exposure, cooling-water loss,
flooding or water entering the engine. The first action should protect people and prevent escalation.

RECOGNISE REASSESS
Soot, smell, heat, Reduce load, ventilate Safe speed, heading Prevent fire, flooding Repair, divert or
smoke or changed flow and remove exposure and crew position or water ingestion seek assistance

Possible failure Immediate thinking

CO alarm or symptoms Dry or wet gas leak, outlet re-entry or neighbouring Move people to fresh air, account for everyone,
exhaust. ventilate and stop sources if safe; seek
medical/emergency help.

Soot, ticking or hot-gas smell Cracked dry component, joint, bellows or gasket. Reduce load or stop; protect against fire and do
not remain in the leak path.

Steam, hot hose or little water Raw-water loss, blocked injection, impeller or cooling Protect engine and wet components promptly;
fault. inspect after safe cooling.

Water suspected in engine Backflow, failed riser/cooler, overfilled waterlock or Do not crank; isolate water and obtain competent
failed-start sequence. diagnosis before rotation.

Sudden power loss and black smoke Exhaust restriction, collapsed hose, blocked elbow or Reduce load, stabilise the yacht and inspect the
outlet. route before sustained operation.

Wet leak or hose separation Clamp, hose, muffler or connection failure. Consider gas, heat and flooding together; isolate

or stop the engine and control seawater if safe.

RESTART DECISIONS A restart can reintroduce gas, heat and water or worsen hydraulic lock. Resume operation only when
MATTER the fault and retained-water condition are understood and the vessel still has a safe exhaust route.

After an overheat or water-ingress event

Inspect affected hose, mufflers, clamps, insulation, turbo/riser components, engine oil and cylinders as appropriate. A
component that looks normal externally may have suffered internal damage.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 13
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Buyer questions and readiness checklist

An offshore-ready exhaust system has known geometry, acceptable loaded back pressure, sound gas and
water containment, working CO detection and a crew familiar with failed-start and leakage response.

Area Questions for purchase or survey

Architecture Is the system dry, wet or separated, and can every dry section, injection point, waterlock, riser and outlet be traced?
Geometry Do injection height, anti-siphon loop, waterlock capacity and outlet position remain credible at loaded waterline, heel
and trim?
Condition Are manifolds, bellows, lagging, risers, elbows, hoses, mufflers, clamps, supports and outlets accessible and credible?
Performance Does the engine reach expected rpm without excessive smoke, heat, water accumulation or back pressure?
Water-ingress history Are failed starts, waterlocked engines, cooler/riser leaks or previous exhaust flooding fully explained and repaired?
Toxic-gas protection Are dry joints inspected, CO alarms current and outlet re-entry risks considered for propulsion and generators?
Supportability Are drawings, cranking limits, service records, parts and specialist fabrication support available?

Quick readiness check

- Readiness statement

| can trace the dry and wet exhaust route from engine to hull outlet.

Injection height, anti-siphon arrangement, waterlock capacity and failed-start limits are known.
There are no unresolved soot marks, smells, leaks, hot spots, restrictions or damaged insulation.
Hoses, clamps, supports, mufflers, risers and outlets are accessible and in credible condition.

Loaded performance and back pressure are within the engine manufacturer's limits.

CO alarms are current, tested and positioned for the vessel's accommodation and machinery layout.
Previous overheating or water-ingress events have been explained and secondary damage excluded.

More than one person knows the response to CO, hot-gas leakage, water loss and suspected water ingress.

A dependable exhaust system combines safe hot-gas containment, controlled seawater injection,
acceptable back pressure, correct anti-backflow geometry, sound hose and waterlock condition,
effective CO detection and clear failure response.

Guidance to consult

Use the installed engine and exhaust manufacturers' current design, installation, operating and service instructions, together with applicable flag-state,
coding, class, insurance, fire-safety and yard requirements.

Educational guidance - not a substitute for manufacturer instructions, back-pressure testing, exhaust servicing, survey or vessel-specific professional advice. 14
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