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Abstract. The turbocharger is a critical component of modern diesel powertrains, enabling higher 

specific power output, improved fuel economy, and reduced emissions by forcing pressurised air 

into the combustion chamber. Because it operates at extremely high rotational speeds and thermal 

loads while depending on a thin, uninterrupted film of lubricating oil, the turbocharger is also 

one of the more failure-prone auxiliaries in an engine, and its breakdown often causes dispropor-

tionate downtime and repair cost relative to its size. Six cases attended in Consumer Dispute 

Redressal Commissions, Kalpetta, Wayanad, related to vehicle disputes in connection with car 

engine seizure due to turbocharger failure motivate this review. The paper reviews the published 

literature on turbocharger failure mechanisms — lubrication-related wear, foreign object and par-

ticulate damage, thermal and overspeed failures, and fuel- or oil-contamination-induced degra-

dation — drawn from automotive, industrial, and marine diesel applications. It then examines 

operating-environment factors that are particularly relevant to Kerala: a tropical, high-humidity, 

coastal climate; heavy reliance on road transport (including the state-run KSRTC bus fleet) and 

inland/marine diesel propulsion for fishing and inland-waterway vessels; monsoon-season oper-

ating conditions; and recurring concerns over diesel fuel quality and adulteration in the wider 

Indian context. The review finds that while the generic failure modes of turbochargers are well 

documented internationally, peer-reviewed, region-specific studies quantifying turbocharger fail-

ure rates, root causes, and maintenance practices for Kerala's automotive and marine diesel fleet 

are scarce. The paper synthesises the existing literature into a conceptual framework linking op-

erating environment to failure mode, and identifies this scarcity as a clear research gap that a 

field-based, Kerala-focused study could address. 
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I. Introduction 

Turbocharging has become close to universal in modern diesel engines used for road transport, 

marine propulsion, and stationary power generation, because it allows a smaller-displacement 

engine to deliver the power density, fuel efficiency, and emission performance demanded by 

contemporary regulation and market expectations. A turbocharger couples an exhaust-driven tur-

bine to an intake-side compressor on a common shaft that typically rotates at speeds ranging from 

roughly 100,000 rpm in diesel truck applications to well over 200,000 rpm in smaller high-speed 

units, supported on a thin hydrodynamic oil film rather than conventional rolling-element bear-

ings in most designs. 

 

Because the turbocharger sits at the intersection of the engine's hottest exhaust stream and its 

cleanest, most pressure-sensitive lubrication circuit, it is unusually sensitive to disturbances else-

where in the engine system — oil contamination, intake debris, cooling-system faults, and fuel 

quality problems all manifest as turbocharger distress even when the turbocharger itself is not the 

root cause. Replacement of a failed turbocharger is expensive, and a turbocharger that fails prem-

aturely because the underlying cause was not corrected is likely to fail again in a similarly short 

interval. 

 

Kerala presents a distinctive combination of conditions for turbocharged diesel equipment: a hot, 

humid, coastal and monsoon-affected climate; a road transport sector dominated by diesel buses 

(including the Kerala State Road Transport Corporation fleet), trucks, and light commercial ve-

hicles operating over hilly and coastal terrain; and a large inland and marine diesel fleet support-

ing fishing, inland-waterway cargo, and passenger/tourist boat operations. These conditions — 

salt-laden air, high ambient humidity, seasonal heavy rainfall, variable fuel retail quality, and 

mixed-duty operating cycles — are each independently associated in the wider literature with 

accelerated component wear, corrosion, or contamination, yet the turbocharger literature specific 

to this environment is limited. This review therefore has two aims: first, to consolidate the inter-

national literature on turbocharger failure mechanisms across automotive, industrial, and marine 

diesel applications; and second, to map the operating-environment factors relevant to Kerala onto 

those known failure mechanisms, so as to identify which failure modes are most plausible in this 

setting and where the evidence base is thin. 

 

II. Review Methodology 
 

This review draws on peer-reviewed journal articles, conference papers, technical/industry pub-

lications from turbocharger manufacturers and repair organisations, and Kerala/India-specific 

government, transport-authority, and news sources. Literature was identified through targeted 
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searches combining terms such as “turbocharger failure,” “turbocharger reliability,” “marine die-

sel turbocharger fault diagnosis,” “fuel adulteration India,” and “Kerala diesel engine/marine en-

gine.” Because turbocharger-specific, peer-reviewed studies located in Kerala could not be found 

at the time of this review, the paper supplements the international failure-mode literature with 

regional context drawn from transport-sector and fisheries-sector sources, and explicitly flags 

this substitution wherever it occurs. The review is organised thematically rather than chronolog-

ically, grouping studies by failure mechanism and then by operating context (automotive, indus-

trial/power-plant, and marine). 

  

III. Turbocharger Construction and Operating Principles 
 

A conventional turbocharger consists of a turbine wheel driven by exhaust gas, a compressor 

wheel that pressurises intake air, and a common shaft supported by one or two journal (or, in 

some designs, ball) bearings housed in a central bearing housing that is continuously fed with 

pressurised engine oil. The shaft “floats” on a hydrodynamic oil film with essentially zero metal-

to-metal contact under normal operation. Because the bearing clearances are small and the rota-

tional speeds are very high, the turbocharger is intolerant of even brief interruptions or contami-

nation of this oil supply, and of solid particles entering either the oil circuit or the air/gas path. 

Turbocharger applications are broadly categorised in the literature into automotive/light-duty 

units, industrial units mounted on large stationary or power-plant diesel engines, and marine units 

mounted on ship main and auxiliary engines. Although the underlying rotor-bearing physics is 

shared across these categories, duty cycles, maintenance regimes, and fuel/oil quality differ sub-

stantially, which is reflected in differing dominant failure modes reported in the literature for 

each category. 

 

IV. Failure Mechanisms Reported in the International Literature 
 

1. Lubrication-Related Failures (Oil Starvation and Contamination) 

Across automotive and industrial turbocharger literature, lubrication-related problems are con-

sistently identified as the leading cause of turbocharger failure. Industry technical sources de-

scribe oil starvation as the most frequent failure mechanism: because the shaft relies entirely on 

a pressurised oil film to “float” without contact against the housing, even brief interruptions in 

oil supply — caused by low oil level, a blocked or restricted feed line, delayed post-start lubri-

cation, or extended idling followed by immediate shutdown (a “hot shutdown”) — cause direct 

metal-to-metal contact, rapid frictional heating, and bearing scoring that quickly propagates to 

shaft seizure or breakage. 

 

A closely related and, in several sources, even more frequently cited cause is contaminated or 

dirty oil rather than an absence of oil altogether. Repair-industry references identify contaminated 

engine oil as the single most common root cause of turbocharger bearing failure in both gasoline 

and diesel applications, because abrasive particles carried in the oil score the bearing surfaces 
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and journal as they pass through the narrow clearances of the floating bearing system, progres-

sively enlarging clearances until the rotating assembly can contact the housing. 

 

More detailed rotor-dynamic studies of small, high-speed automotive turbochargers have linked 

bearing wear specifically to sub-synchronous “whirl” instabilities in floating-bush bearing sys-

tems. Investigations of failed engine turbochargers found that under-lubrication and overloading 

of the compressor-end bearing initiated unstable whirl motion, which progressively widened 

bearing clearance until the compressor impeller contacted the surrounding volute housing, in 

some cases severe enough to snap the shaft at the turbine wheel; a secondary, related failure path 

involved coking (thermal degradation) of oil at the hotter turbine-end bearing, causing that bear-

ing to seize onto the shaft. 

 

2. Foreign Object and Particulate Damage 

Ingestion of foreign debris — through a damaged air filter, a disconnected or perished intake 

hose, or airborne dust and sand — is repeatedly identified as a major failure mode, producing 

characteristic nicks, bends, or complete blade fracture on the compressor wheel and, on the ex-

haust side, damage from carbon or scale dislodged from upstream components. Industry sources 

also describe exhaust-side fouling from carbon build-up on wastegate mechanisms, variable-ge-

ometry vanes, or exhaust-gas-recirculation (EGR) valves as a distinct but related degradation 

path, which can create localised hot spots leading to housing cracking or bearing failure even 

without direct particle impact on the rotating assembly. 

 

3. Thermal and Overspeed Failures 

Turbocharger literature aimed at high-performance and motorsport applications categorises fail-

ures into operationally induced, thermally induced, and dynamic (vibration-related) groups, not-

ing that pressure-ratio excursions and compressor surge — conditions outside a turbocharger's 

designed operating envelope — impose loads and temperatures beyond what conventional diesel 

or production automotive turbochargers are designed and tested for. Hot shutdown, in which an 

engine is switched off immediately after high-load operation, is separately and consistently iden-

tified across multiple sources as a distinct thermal failure mechanism, because residual heat soak 

into the stationary bearing housing, no longer carried away by circulating oil once the engine 

stops, can coke the oil remaining in the bearing housing and starve the bearing at the next start. 

 

4. Fuel- and Oil-Contamination-Induced Failures 

A growing body of literature connects fuel quality directly to turbocharger failure, distinct from 

the oil-contamination pathway discussed above. Recent investigations of chlorine-contaminated 

fuel found that although contaminated fuel and turbocharger failure might appear unrelated in 

the absence of visible corrosion, the turbocharger can nonetheless fail because chlorine-related 

contaminants degrade the engine oil itself, which then damages the turbocharger bearings through 

the lubrication circuit rather than through direct exhaust-gas exposure — reinforcing that fuel-

side contamination and oil-side contamination are mechanistically linked rather than independent 

failure paths. More broadly, sources addressing diesel fuel contamination describe how water 
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ingress promotes corrosion of fuel-system metal components and how microbial growth forms 

sludge that clogs filters and lines, and specifically recommend more frequent contamination test-

ing for fuel stored or used in hot or humid climates, a condition directly relevant to coastal, high-

humidity settings such as Kerala. 

  

In the Indian context specifically, consumer- and industry-facing sources describe a persistent 

problem of diesel adulteration with kerosene, water, or other cheaper solvents, driven by price 

differentials and uneven retail oversight, with reported consequences including injector clogging, 

incomplete combustion, and — in cases documented anecdotally by automotive service com-

mentary — turbocharger strain and damage following prolonged operation on poor-quality fuel. 

While such consumer-facing sources are not peer-reviewed and should be treated as indicative 

rather than definitive evidence, they are consistent with the more rigorously documented chlo-

rine-contamination and water-ingress mechanisms described above, and point to fuel quality as 

a plausible contributing factor to turbocharger degradation wherever retail fuel oversight is in-

consistent. 

 

5. Marine Diesel Turbocharger Failure and Diagnosis 

The marine diesel literature treats turbocharger reliability as a system-level concern because tur-

bocharger malfunction on a ship's main engine can force a reduction in propulsion power or, in 

the worst case, an unplanned engine stoppage at sea. Fault-tree-based studies of marine two-

stroke diesel engine turbocharger systems have modelled and simulated scavenge-air-system fail-

ures — including air filter blockage, compressor fouling, turbine (exhaust-side) fouling, and 

cooler tube or air-side blockage — concluding that turbocharger failure can materially affect 

main engine operation and that correct matching between turbocharger and main engine is an 

important preventive factor. Related fault-diagnosis studies note that turbocharger malfunctions 

are frequently under-investigated in practice because maintenance personnel tend to prioritise 

diagnosis of the main engine over the turbocharger as an individual component, and that conven-

tional marine maintenance still relies heavily on manual bearing-clearance checks rather than 

continuous condition monitoring. More recent work has proposed gas-path-based performance-

degradation indices as a step toward earlier, more systematic detection of marine turbocharger 

deterioration, implicitly acknowledging that fault diagnosis for marine turbochargers remains 

less mature than for their automotive counterparts. 

 

Industrial turbocharger studies mounted on large stationary diesel engines used in power gener-

ation similarly report that most existing scholarly failure-mode literature has historically concen-

trated on automotive turbochargers, and have applied combined risk-assessment methods (Fail-

ure Mode and Effects Analysis weighted through Stepwise Weight Assessment Ratio Analysis) 

specifically to address this gap for industrial units, ranking failure modes by a composite risk 

priority number reflecting severity, probability of occurrence, and detectability. 
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V. Operating-Environment Factors Relevant to Kerala 
 

No dedicated, peer-reviewed study quantifying turbocharger failure rates or root causes specific 

to Kerala's vehicle or marine diesel fleet was located during this review. The following sub-

sections therefore synthesise regional operating-environment characteristics documented in 

transport-authority, fisheries, and general engineering-education sources, and map them against 

the failure mechanisms established in Section 4, in order to frame plausible hypotheses for future 

field-based research rather than to report confirmed regional findings. 

 

1. Tropical, High-Humidity, Coastal Climate 

Kerala's climate is characterised by high year-round ambient humidity, a long coastline exposing 

inland and coastal vehicle and vessel fleets to salt-laden air, and two monsoon seasons bringing 

sustained heavy rainfall. The fuel-contamination literature reviewed in Section 4.4 specifically 

identifies hot, humid climates and bulk fuel storage as conditions warranting more frequent con-

tamination testing because of an elevated risk of water ingress and condensation within fuel stor-

age and vehicle fuel systems; the same literature links water contamination to corrosion of me-

tallic fuel-system components. By extension, and consistent with the general principle that tur-

bocharger bearing damage can originate from oil or fuel contamination rather than from the tur-

bocharger itself, sustained high humidity is a plausible — though not yet regionally confirmed 

— contributing factor to turbocharger degradation in Kerala through elevated moisture ingress 

into fuel and lubrication systems. 

 

2. Fuel Quality and Adulteration 

Fuel adulteration — commonly the blending of diesel with kerosene, water, or other cheaper 

liquids to exploit price differentials — is documented as a persistent, nationwide concern in India, 

attributed in industry sources to inconsistent oversight at storage depots, during transport, and at 

retail outlets. Given the mechanistic link established in Section 4.4 between contaminated fuel, 

degraded engine oil, and subsequent turbocharger bearing damage, variable retail fuel quality is 

a second plausible contributing factor for premature turbocharger wear in any Indian state, in-

cluding Kerala, though state-specific adulteration incidence data specific to turbocharger failure 

was not identified in this review. 

 

3. Road Transport Sector: Buses and Commercial Fleets 

Kerala's road transport sector includes a large state-operated bus fleet under the Kerala State 

Road Transport Corporation (KSRTC), which operates numerous depots and a central workshop 

across the state, alongside a substantial private bus, truck, and light commercial vehicle fleet. 

Vocational and technical training reports describing work placements at KSRTC depots confirm 

that turbocharged diesel engines and their associated components (fuel injection systems, cool-

ing, transmission) form part of the standard maintenance curriculum for automobile engineering 

trainees in the state, indicating that turbocharger servicing is a routine, recognised maintenance 

activity within this fleet. Kerala's hilly terrain in several districts, combined with stop-start urban 

duty cycles typical of public bus operation, produces frequent load transients and idling-to-high-
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load transitions — conditions that the literature in Section 4.3 associates with hot-shutdown-type 

thermal stress and oil coking, though direct evidence linking this duty-cycle profile to turbo-

charger failure specifically within the KSRTC fleet was not found and would be a valuable focus 

for future research. 

  

4. Inland Waterway and Marine Fishing Vessels 

Kerala supports an extensive inland-waterway and marine fishing sector. Reporting on the state's 

fishing fleet indicates that a large share of vessels, particularly inboard boats used for deep-sea 

fishing, rely on diesel or kerosene-compatible engines, with tens of thousands of engines regis-

tered for subsidised fuel access, alongside a smaller outboard-engine fleet used in shallower 

coastal waters. State marine-technology training curricula covering ship and boat engine systems 

explicitly include turbocharger operation and lubrication as a taught topic, confirming that tur-

bocharged diesel propulsion is present in the state's inland and coastal marine sector, in line with 

the broader marine diesel turbocharger literature reviewed in Section 4.5. The combination of 

saline operating environments, engines that in some cases run on subsidised or lower-specifica-

tion fuel, and — per the general marine literature — comparatively less mature condition-moni-

toring practice relative to automotive turbochargers, suggests marine and fishing-vessel turbo-

chargers in Kerala may be exposed to a distinct combination of the corrosion, fuel-quality, and 

diagnostic-maturity risk factors identified separately in Sections 4.4 and 4.5, though this has not 

been directly studied. 

 

5. Monsoon-Season Operating Conditions 

Kerala's monsoon season brings sustained heavy rainfall, elevated ambient humidity, and, in low-

lying areas, periodic flooding that can affect both road vehicles and berthed or moored vessels. 

While no source located in this review directly studies monsoon-season turbocharger failure 

rates, the established literature on water ingress into fuel and induction systems (Section 4.4) and 

on foreign-object/moisture-related induction damage (Section 4.2) suggests monsoon conditions 

are a plausible seasonal risk multiplier warranting empirical investigation, for example through 

comparison of turbocharger warranty or workshop replacement rates between monsoon and dry-

season months. 

 

VI. Research Gap and Synthesis 

 
Three observations emerge from this review. First, the mechanisms of turbocharger failure — 

lubrication starvation and contamination, foreign-object and fouling damage, thermal/overspeed 

stress, and fuel-quality-linked oil degradation — are well established internationally across au-

tomotive, industrial, and marine diesel applications, with reasonable convergence between inde-

pendent sources on which mechanisms dominate in each application category. Second, several 

of these mechanisms (fuel/oil contamination via water ingress, corrosion risk in humid storage 

conditions, comparatively immature marine turbocharger condition-monitoring practice) are ex-

plicitly associated in the literature with exactly the operating conditions that characterise Kerala's 
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climate, fuel-retail environment, and mixed road/marine diesel fleet. Third, despite this plausible 

relevance, no peer-reviewed, Kerala-specific empirical study quantifying turbocharger failure in-

cidence, root cause distribution, or the effectiveness of regional maintenance practice was iden-

tified. 

  

This gap suggests clear directions for original research: (i) a workshop- or fleet-level failure-

mode survey across KSRTC depots or private commercial fleets in Kerala, classifying failed 

turbochargers by root cause using established FMEA-type frameworks as applied elsewhere to 

industrial turbochargers; (ii) fuel and lubricant sampling studies correlating retail fuel quality, 

monsoon-season humidity, and turbocharger bearing wear indicators; and (iii) a condition-mon-

itoring feasibility study for the state's marine and inland-fishing diesel fleet, extending the gas-

path performance-degradation approaches proposed in the marine literature to smaller regional 

vessels. Such studies would convert the plausible, literature-derived hypotheses developed in 

Section 5 into region-specific evidence. 

 

VII. Conclusion 
 

Turbocharger failure is a well-studied problem internationally, with lubrication-related wear and 

contamination consistently identified as the dominant failure pathway across automotive, indus-

trial, and marine diesel applications, followed by foreign-object damage, thermal/overspeed 

stress, and fuel-quality-linked oil degradation. Kerala's tropical, high-humidity, coastal climate, 

its reliance on a large diesel bus and commercial vehicle fleet, its extensive inland-waterway and 

marine fishing sector, and broader Indian concerns over diesel fuel adulteration together create 

an operating environment in which several of these established failure mechanisms are plausibly 

more active than in drier, less fuel-quality-variable settings. However, this review finds a clear 

absence of peer-reviewed, region-specific empirical work confirming or quantifying this. Ad-

dressing that gap through fleet-level failure surveys, fuel/lubricant quality studies, and marine 

condition-monitoring pilots would both serve Kerala's transport and fisheries sectors directly and 

contribute a regionally distinct case study to the broader international turbocharger reliability 

literature. 
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