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Abstract: This study presents a field-based performance analysis of turbofan gas turbine engines operating in Indonesia’s
commercial aviation sector under tropical environmental conditions. The research focuses on how ambient temperature,
humidity, operational frequency, and short-haul flight patterns influence actual engine performance relative to ideal
thermodynamic expectations. A mixed-method design was applied by combining literature-based Brayton-cycle modeling with
empirical operational data from CFM56 and V2500 engine families. Data sources included engine logbooks, maintenance
records, operational observations, and ambient condition monitoring at selected Indonesian airports. The analysis shows that
actual specific fuel consumption (SFC) was consistently 5-10% higher than theoretical estimates under high-temperature
operating conditions, particularly above 30 °C. Field observations also indicated reduced thrust margins, increased exhaust gas
temperature (EGT), and decreasing propulsive efficiency during high-load flight phases, especially takeoff and climb. These
deviations confirm that tropical operating conditions and repetitive short-sector utilization accelerate performance
deterioration beyond ideal-cycle assumptions. The main scientific contribution of this study is the demonstration that Brayton-
cycle-based turbofan performance prediction for Indonesian commercial aviation requires correction for local environmental
and operational factors. The findings support the use of climate-adaptive performance assessment and condition-based
maintenance strategies to improve engine efficiency, reliability, and operational safety.
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Introduction

In this context, aircraft generation and propulsion technology should be considered not as a separate topic, but as an
operational factor that influences engine performance behavior. Different Boeing 737 and Airbus A320 variants
employ different turbofan configurations, control systems, and performance margins, which may affect how the
engines respond to tropical ambient conditions and repetitive short-haul operation [1].

The Boeing 737 family, which represents a major portion of narrow-body commercial aircraft operation in Indonesia,
has undergone continuous technological development from the Classic series to the Next Generation and MAX
variants. These developments include improvements in propulsion efficiency, avionics, aerodynamic design, and
engine control characteristics. Therefore, differences in aircraft generation and engine type may contribute to
variations in field performance, particularly when engines are operated under tropical and high-cycle domestic route
conditions [2],[3].

Previous studies have shown that turbofan performance is highly sensitive to component efficiency, bypass flow
characteristics, ambient conditions, and engine deterioration. Small changes in compressor or fan efficiency, pressure
loss, and turbine operating condition can produce measurable increases in specific fuel consumption (SFC) and
reductions in thrust capability [4],[5]. In addition, engines operating in hot environments are known to experience
lower inlet air density, which reduces mass flow and negatively affects takeoff and climb performance [6].

These issues are particularly relevant to Indonesia. Commercial aircraft in Indonesia commonly operate on short-haul
and medium-haul routes with frequent takeoff-landing cycles, high utilization rates, and exposure to tropical
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temperature and humidity conditions. Such an operating environment may accelerate thermal cycling, component
wear, compressor fouling, and EGT margin reduction compared with operations conducted in more temperate
regions [7], [8]. Despite the practical importance of these factors, studies that directly relate field-based operational
turbofan data in Indonesia to theoretical thermodynamic performance models remain limited.

Accordingly, this study aims to analyze the actual performance of turbofan engines used in Indonesian commercial
aviation by comparing field observations with Brayton-cycle-based theoretical expectations. The study specifically

evaluates the effects of tropical ambient conditions, airport operating environment, and repetitive short-sector
utilization on SFC, thrust-related behavior, EGT response, and propulsive efficiency.

The novelty of this study lies in the integration of empirical operational data from Indonesian airline environments
with a simplified thermodynamic performance framework. Rather than discussing turbofan working principles in
general terms, this study provides a region-specific performance interpretation that links environmental conditions,
operational patterns, and deterioration effects to measurable engine behavior. This contribution is expected to
support more adaptive performance assessment and maintenance planning for turbofan engines operating in tropical
commercial aviation systems.

In addition to environmental and operational factors, the evolution of aircraft technology also plays a significant role
in turbofan engine performance. The Boeing 737 family, which dominates Indonesian commercial aviation, has
undergone continuous technological improvements from the Classic series to the Next Generation (NG) and MAX
variants, particularly in propulsion efficiency, avionics systems, and aerodynamic design [9]. These advancements
have contributed to improved fuel efficiency and operational capability, but they also introduce variations in engine
behavior across different aircraft generations.

Furthermore, previous studies on turbofan engines, particularly the CFM56 series used in Boeing 737 aircraft, indicate
that actual engine performance often deviates from ideal thermodynamic predictions due to compressor imbalance,
leakage, and environmental influences [10]. These findings highlight the importance of integrating real operational
data with theoretical models to obtain a more accurate representation of engine performance in practical conditions.

Method
Research Design

This study employed a mixed-method approach combining quantitative performance analysis and qualitative
technical interpretation. The quantitative component was used to compare field-observed engine parameters with
simplified theoretical estimates derived from the Brayton cycle, while the qualitative component was used to
interpret operational and maintenance-related factors affecting engine behavior in the Indonesian aviation
environment.

Data Sources and Collection

The dataset consisted of operational and maintenance-related records obtained from engine logbooks, aircraft
maintenance records, direct operational observations, and ambient condition monitoringdirect operational
observations during ground and pre-flight procedures, and ambient condition records at selected airports. The
principal parameters analyzed included Exhaust Gas Temperature (EGT), N1, N2, fuel flow, and ambient temperature
[11]. Where available, pressure altitude and flight phase information were also used to support interpretation of
engine performance trends. The data collection procedure followed systematic aviation research principles
emphasizing operational validity, consistency, and technical reliability in aircraft engineering studies [12].

Public national aviation statistics were used to contextualize Indonesian commercial aviation activity, while the main
analytical dataset was limited to the engine records and flight cycles directly obtained from participating operational
and maintenance sources.

Engine Selection Criteria

Engine records were included in the analysis based on the following criteria: (a) the engine belonged to a commercial
narrow-body aircraft operating in Indonesia; (b) the available records contained the minimum required parameters
(EGT, N1/N2, fuel flow, and ambient temperature); (c) the data represented routine operational conditions rather
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than major abnormal events; and (d) the records were sufficiently complete to permit comparison with theoretical
trends. Records with incomplete parameter entries, obvious recording anomalies, or non-routine maintenance events
were excluded from the main comparison.

Data were excluded when one or more essential parameters were missing, when the record was associated with non-
routine maintenance events, or when the values showed obvious inconsistency with the corresponding flight phase.
Records with incomplete EGT, N1/N2, fuel flow, or ambient temperature entries were not included in the main
comparison. This exclusion process was applied to ensure that the analysis reflected representative operational
trends rather than isolated abnormal events.

Theoretical Performance Model

A simplified Brayton-cycle framework was used as the theoretical basis for performance comparison. The model was
not intended to replicate full engine deck analysis, but rather to provide a conceptual and comparative
thermodynamic reference under idealized assumptions. The thermal efficiency and specific work of the cycle were
considered in relation to compressor pressure ratio, turbine temperature behavior, and ambient operating conditions
[13].

Data Validation and Analysis

Data validation was carried out through cross-checking between logbook entries, maintenance records, and direct
observation notes to ensure parameter consistency [14]. Obvious outliers and incomplete records were excluded
from interpretation. [If applicable, add whether repeated measurements, averaging, or threshold filtering were used.]
The quantitative analysis compared observed SFC-related trends, EGT response, and operating parameters under field
conditions against idealized thermodynamic expectations. The qualitative analysis was then used to interpret whether
observed deviations were associated with environmental exposure, operational frequency, or known engine
deterioration mechanisms such as compressor fouling, hot-section wear, or rotor clearance growth , [15].

Summary of Methodological Contribution

By combining field records with a simplified Brayton-cycle framework, the method allows practical identification of
the gap between ideal engine behavior and actual tropical airline operation. This approach is intended to produce an
operationally relevant interpretation rather than a purely theoretical engine cycle analysis.

The ideal cycle efficiency may be expressed as:
nth =1—1/rp™y—-1D/y (1)
where n_th is thermal efficiency, r_p is compressor pressure ratio, and y is the specific heat ratio.
To reflect environmental influence, the change in air density was considered using:
p =P/RT (2)
where p is air density, P is ambient pressure, R is the gas constant, and T is ambient temperature.
Specific fuel consumption was evaluated comparatively as:
SFC = m_f/F (3)

where m_f is fuel mass flow rate and F is engine thrust.

Results And Discussion
Field Performance Under Tropical Ambient Conditions

Field observations showed that turbofan engines operating under tropical Indonesian conditions exhibited higher fuel
consumption and reduced performance margins relative to ideal assumptions. At ambient temperatures above 30 °C,
the observed SFC values were consistently higher than the corresponding theoretical estimates. Across the evaluated
operating records, the difference between actual and theoretical SFC was generally within the range of 5-1
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In addition to SFC increase, elevated ambient conditions were associated with higher EGT values during takeoff and
climb. The field data also showed faster EGT rise during high-thrust operating phases, indicating greater thermal
loading under hot-weather operation.

Comparison Between Theoretical and Actual SFC

Theoretical performance based on the simplified Brayton-cycle model indicated a lower SFC trend under idealized
conditions. However, the field data showed that actual engine operation in Indonesian service environments deviated
from this ideal trend. The deviation became more visible under conditions of higher ambient temperature and
repeated short-sector utilization.

Comparison with Theoretical Modeling

Maintenance-related observations indicated a reduction in EGT margin over engine service exposure. The decline was
most visible in engines subjected to repetitive high-load operation, particularly frequent takeoff and climb cycles. The
observed trend suggests that operational deterioration affects thermal margin and therefore influences engine
efficiency and maintenance planning.

Effects of Altitude and Inlet Mass Flow

Operational comparison across different airport environments indicated that variation in air density influenced engine
inlet mass flow and propulsive performance. Engines operating under lower-density conditions showed reduced
thrust-related effectiveness and lower propulsive efficiency compared with denser-air operating conditions.

Flight Phase Behavior

Field observations further showed that engine parameters changed most rapidly during takeoff and early climb [16].
N1 and EGT rose sharply in these phases before stabilizing during climb and cruise. This indicates that transient high-
load conditions play an important role in overall engine deterioration and fuel penalty in Indonesian short-sector
operations.

Table 1. Comparison of Theoretical and Actual SFC Trends

No Operating condition Theoretical SFC Actual field trend Observed
trend deviation
1 Standard / near-ISA Baseline Slightly higher Minor
condition than theoretical
2 Ambient temperature Moderate Clear increase 5-10%
>30°C increase
3 Repetitive short-haul Not explicitly Higher operational Noticeable
operation reflected in ideal SFC
model

As shown in Table 1, the comparison between theoretical and actual SFC trends indicates that the performance gap
increased as the operating condition became more demanding. Under standard or near-ISA conditions, the actual
field trend was only slightly higher than the theoretical baseline, indicating a minor deviation. However, when the
ambient temperature exceeded 30 °C, the actual SFC showed a clearer increase, with an observed deviation of
approximately 5-10%. This suggests that elevated tropical temperature directly affects inlet air density, combustion
behavior, and thrust-related efficiency. In repetitive short-haul operation, the ideal Brayton-cycle model did not
explicitly reflect the cumulative effect of frequent takeoff and climb cycles, whereas the field data showed higher
operational SFC. This confirms that both environmental exposure and operational cycle frequency should be
considered in practical turbofan performance assessment.

The values in Table 2 represent summarized field-observed trends and proportional ranges derived from the
comparison between actual operational behavior and simplified theoretical estimates. The ranges are used to
describe the relative increase or decrease in engine parameters under tropical ambient conditions and repetitive
short-haul operation.

As shown in Table 2, the increase in SFC under ambient temperatures above 30 °C was accompanied by a
corresponding increase in EGT and fuel flow. Under standard or near-ISA conditions, the deviation from theoretical
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estimates remained relatively small, generally within 0—3% for SFC and 0—-4% for fuel flow. However, under tropical
high-temperature conditions, the deviation increased to approximately 5-10% for SFC and 5-9% for fuel flow. This
indicates that reduced inlet air density under elevated ambient temperature requires the engine to operate at a
higher thermal and fuel demand level to maintain thrust performance.

JOURNAL OF EDUCATIONAL
ENGINEERING AND
ENVIRONMENT

Repetitive short-haul operation showed the highest operational penalty, with SFC deviation reaching approximately
7-12% above theoretical estimates. This trend is consistent with the frequent exposure of engines to takeoff and
early climb phases, where N1 and EGT increase rapidly. The EGT range also shifted upward, from approximately 650—
720 °C under near-ISA conditions to approximately 740—800 °C during repeated high-load cycles. At the same time,
the EGT margin decreased from around 35-45 °C to approximately 15—-30 °C, indicating progressive thermal margin
reduction due to repeated engine cycling and operational deterioration.

Table 2. Summary of Observed Engine Parameter Trends under Tropical Operating Conditions

Parameter | Standard / near-ISA condition Ambient temperature >30 °C Repetitive short-haul General trend
operation
SFC Baseline / 0-3% above 5-10% above theoretical 7-12% above theoretical Increased
theoretical estimate estimate estimate
EGT 650-720 °C during high-power 720-780 °C during takeoff and 740-800 °C during repeated Increased
operation climb high-load cycles
N1 88-92% during takeoff/climb 90-94% during high- 91-95% during repeated Higher during
setting temperature operation takeoff/climb cycles takeoff/climb
Fuel flow Baseline / 0-4% above 5-9% above theoretical trend 7—-11% above theoretical Increased
theoretical trend trend
EGT 35-45 °C remaining margin 25-35 °C remaining margin 15-30 °C remaining margin Decreased
margin

The results confirm that the difference between theoretical and actual turbofan performance becomes significant
when engines are operated in tropical commercial service environments. The Brayton cycle remains useful as a
conceptual basis for understanding turbofan performance, but the field data indicate that ideal-cycle assumptions
alone are insufficient to represent Indonesian airline operation. In particular, the observed 5-10% SFC increase under
elevated ambient temperature suggests that environmental and operational correction factors are necessary for
more realistic performance assessment.

The increase in SFC and EGT observed in this study is consistent with previous findings showing that higher ambient
temperature reduces inlet air density and adversely affects engine thrust and combustion-related efficiency, [6],[17].
Under these conditions, the engine must operate closer to thermal limits during takeoff and climb, which explains the
tendency toward higher EGT response in the field records.

The declining EGT margin trend observed in the maintenance-related data also agrees with published work linking
hot-section deterioration and rotor clearance growth to thermal performance loss [15]. In practical terms, this means
that the performance gap between theoretical and actual operation is not caused solely by ambient conditions, but
also by accumulated component degradation over repeated service cycles.

Another important finding is the operational importance of short-haul flight patterns. Unlike long-haul operations,
Indonesian domestic routes frequently expose engines to repeated high-thrust transients during takeoff and climb.
This operating pattern intensifies thermal cycling and shifts performance concern from steady cruise optimization
toward transient durability and hot-section resilience. This interpretation is consistent with earlier reports that engine
life consumption is disproportionately concentrated in the early high-load phase of each flight [18],[19].

From a maintenance perspective, the results support the value of engine condition monitoring and predictive
diagnostics. Since environmental exposure and deterioration effects interact in a measurable way, field-based trend
monitoring of EGT, fuel flow, vibration, and rotor-speed behavior can improve the timing of maintenance actions and
reduce avoidable performance loss [8], [20]. Therefore, the practical implication of this study is that turbofan
performance management in Indonesia should not rely only on generic theoretical models, but should incorporate
local climatic exposure, route pattern, and deterioration trend data.

|Journal of Educational Engineering and Enviroment, vol. 6 (1), 2026, pp. 14-20 e-ISSN: 3025-7956

Field-Based Performance Analysis of Turbofan Engines Operating in Tropical Indonesian Commercial Aviation



Pramadya et al., Journal of Educational Engineering and Environment vol. 5 (1), 2026, pp. 14-20

JEEE: Journal of Educational Engineering
and Environment

Conclusions

This study demonstrates that turbofan engines operating in Indonesian commercial aviation experience measurable
performance deviations from ideal Brayton-cycle predictions due to the combined effects of tropical ambient
conditions, repetitive short-haul operation, and engine deterioration. The main scientific contribution of this study is
the confirmation, through field-based evidence, that theoretical turbofan performance models require environmental
and operational correction when applied to tropical airline operations.

The results show that actual SFC was consistently 5-10% higher than theoretical expectations under elevated ambient
temperature conditions, particularly during takeoff and climb. The study also identified associated increases in EGT
response, reduced performance margin, and operational behavior consistent with progressive deterioration in heavily
cycled engines.

These findings indicate that engine assessment in Indonesian aviation should be based on climate-adaptive
performance evaluation and condition-based maintenance rather than idealized thermodynamic assumptions alone.
Such an approach is important for maintaining fuel efficiency, thermal reliability, and operational safety in tropical
commercial flight operations.

Acknowledgements

The authors express their sincere gratitude to Politeknik Penerbangan Surabaya, particularly the Aircraft Engineering
Department, for providing academic resources, laboratory access, and technical guidance throughout this research.
Appreciation is also extended to the maintenance and engineering teams at participating Indonesian airlines for
granting access to engine logbooks and enabling data collection under operational conditions, which was essential
for validating the theoretical models.

Each author contributed significantly to this work: Andi Theda Mufarrihah developed the research framework and
conducted the literature review; Aries Putra Pramadya carried out the technical analysis and case study; and Hadi
Prayitno reviewed the writing structure and contributed to the conclusions. The authors also thank their supervisors,
colleagues, and families for their valuable feedback, support, and encouragement.

References

[1] H. Prayitno, G. Sakti, A. Bahrawi, D. Chandra, and Y. Pranoto, “Comparative Study of Fixed-Wing and Rotary-Wing
Aircraft : A Systematic Literature-Based Analysis of Flight Efficiency , Maneuverability , and Operational Function,” pp.
599-608, 2026.

[2] Z. Xu, “Study of Turbofan Engine Components and Performance with Overheating Problems,” Appl. Comput. Eng., vol.
114, pp. 178-185, 2024.

[3] S. An, “Recent Developments in Turbofan Engine Technology and Applications,” Aerosp. Eng. Rev., vol. 5, no. 2, pp. 45—
52, 2022.

[4] R. W. Gao, T. Zhang, and S. Liu, “High-bypass Ratio, Separate-exhaust Turbofan engine: Study on Flight Mach Number
and Inlet Temperature,” J. Chinese Soc. Mech. Eng., vol. 46, no. 2, pp. 185-193, 2025.

[5] F. C. Barbosa, “Ultra High Bypass Ratio Engine Technology Review — The Efficiency Frontier for Turbofan Propulsion,”
in SAE Technical Paper, SAE International, 2022. doi: 10.4271/2021-36-0032.

[6] J. Kurzke and I. Halliwell, Propulsion and Power: An Exploration of Gas Turbine Performance Modeling. Springer, 2022.

[7] A. Sopiyani and D. I. Santoso, “Operational and Maintenance Challenges of CFM56 Engines on Boeing 737 Aircraft
Operating in Indonesian Tropical Climate,” Aviat. J. Indones., vol. 12, no. 2, pp. 89-97, 2021.

[8] M. Alsharif, A. Alazab, and Y. A. Nazzal, “Gas Turbine Health Monitoring Using Real-Time Sensor Data and Predictive
Algorithms,” Energies, vol. 14, no. 4, p. 1023, 2021, doi: 10.3390/en14041023.

[9] R. S. Rizki, C. B. Ardiansyah, A. Winda, H. Prayitno, and S. Musa, “Analisis Dinamika Performa Engine Turbofan Pada

|Journal of Educational Engineering and Enviroment, vol. 6 (1), 2026, pp. 14-20 e-ISSN: 3025-7956
Field-Based Performance Analysis of Turbofan Engines Operating in Tropical Indonesian Commercial Aviation



Pramadya et al., Journal of Educational Engineering and Environment vol. 5 (1), 2026, pp. 14-20

JEEE: Journal of Educational Engineering
and Environment

Boeing 737- 300 Dalam Kondisi Idle Hingga Take-Off,” SKYHAWK J. Aviasi Indones., vol. 5, no. 1, pp. 432—439, 2025,
doi: 10.52074/skyhawk.v5i1.312.

[10] R.F. M, Z. Nuurul, A. F. K, and H. Prayitno, “Analisis Perkembangan Teknologi Boeing 737 Terhadap Dunia Penerbangan
Sipil,” J. Penelit. Poltekbang, vol. 9, no. 4, pp. 343-351, 2024,
http://ejournal.poltekbangsby.ac.id/index.php/jurnalpenelitian/article/view/1871%0A

[11]  A. Sani, R. Yudhono, and A. A. Erissonia, “Analisis Pemeliharaan Menggunakan Metode Reliability pada Sistem Gas
Turbine Engine untuk Mengetahui Kinerja Engine Turbofan CFM56-3 pada Pesawat Boeing 737-500,” Venus J. Publ.
Rumpun IImu Tek., vol. 2, no. 5, pp. 159-170, 2024,
https://www.researchgate.net/publication/385925145_Analisis_Pemeliharaan_Menggunakan_Metode_Reliability_p
ada_Sistem_Gas_Turbine_Engine_untuk_Mengetahui_Kinerja_Engine_Turbofan_CFM56-
3_pada_Pesawat_Boeing_737-500

[12] Prayitno H, Supardam D, Idyaningsih N. Metodologi Penelitian Penerbangan. Samudra Biru. 2023.

[13]  X. Li, Y. Wang, and Z. Chen, “Thermodynamic Performance Analysis of Modern Turbofan Engines Based on Brayton
Cycle,” Energy Reports, vol. 8, pp. 1200-1210, 2022.

[14] U. Wibowo, I. Engkus Kurniawan, and H. Prayitno, “Implementation of Safety Risk Management in Aircraft Airffame
Maintenance,” Sinergi Int. J. Logist., vol. 1, no. 2, pp. 85-95, 2023, doi: 10.61194/sijl.v1i2.66.

[15]  F.A.l Rahim, “Analisis Pengaruh Rotor Clearance pada High Pressure Compressor dan High Pressure Turbine terhadap
Penurunan Exhaust Gas Temperature Margin pada Mesin CFM56-3C1,” J. Mech. Eng. Mercubuana Univ., vol. 12, no. 2,
2023, https://publikasi.mercubuana.ac.id/index.php/jtm/article/view/16716

[16] I F.Rumakiek, D. M. Listiantika, V. J. A. Rahman, H. Prayitno, and N. Nazima, “Pengaruh Hydroplaning Terhadap Kinerja
Performa Boeing 737,” SKYHAWK J. Aviasi Indones., vol. 5, no. 1, pp. 449-457, 2025, doi: 10.52074/skyhawk.v5i1.315.

[17] M. Alsharif, “Impact of Ambient Temperature on Gas Turbine Engine Performance,” Energies, vol. 15, no. 3, 2022.

[18]  S.Nugroho and I. C. Riyadi, “Analisis Thermal Cycling Mesin CFM56-7B pada Siklus Penerbangan Pendek di Indonesia,”
J. Tek. Dirgant., vol. 11, no. 2, 2022, https://jurnalteknikdirgantara.org/article/view/179

[19] J. Kim, D. Lee, and S. Park, “Transient Performance Degradation and Thermal Stress in Turbofan Engines under Cyclic
Operation,” Aerosp. Sci. Technol., vol. 130, 2023.

[20] R. A. Putra, “Benefits of Engine Condition Monitoring System (ECMS) Implementation in A320 Aircraft: A Case from
Indonesia,” Asian Aviat. J., vol. 4, no. 1, 2023, https://asianaviationjournal.org/index.php/aaj/article/view/101

|Journal of Educational Engineering and Enviroment, vol. 6 (1), 2026, pp. 14-20 e-ISSN: 3025-7956
Field-Based Performance Analysis of Turbofan Engines Operating in Tropical Indonesian Commercial Aviation



