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A Study on Maximum Performance Range and Architecture of an
Advanced Aero Engine within constraints for Next—generation Fighter

Jaeho Choi*f, Kangmyung Ko**, Hyuntae Shim"*
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O}FIEIZ), Thrust(FE), Specific fuel consumption(SFC, B] 91 E42 ), Radar cross section(RCS, 20/ HHZ) Infrared
(IR, Z£/%9), Radar absorbing material(RAM, ZJo]r] F5= ZF)

ABSTRACT

Next-generation fighters are expected to be increased in weight due to enhanced stealth capabilities and greater power
generations. Higher engine thrust will be required accordingly. This study is a part of the conceptual design of an advanced
aero engine for a next-generation fighter. The objective of this paper is to analyze the maximum performance range of the
engine by optimizing thrust and specific fuel consumption within constraints such as fan diameter and to design an architecture
of the engine. Cycle design and optimization are performed and a suitable engine architecture is designed to realize the targeted
performance. Engine architecture design refers to the process of defining and designing key elements that must be determined
early in the engine design phase to ensure the required performance and structural robustness. It involves forming the main
framework of the engine based on the arrangement of bearings and frames for rotor support, and determining factors such as
the application of fan variable inlet guide vanes and the rotation direction of the engine rotor, ultimately shaping the overall
engine configuration. Through this study, the maximum performance range under given constraints was identified, and an engine

architecture was designed.
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Table 1 Technical Characteristics of 5th Generation Fighter

Items Details
Stealth Stealthy airframe : RAS, RAM
performance IR signature reduction
Low Probability of Intercept Radar (LPIR)
Advanced - —
Avionics Networking for situational awareness and
C3 Capability
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Table 2 Engine performance requirements definition for
this study

Related
Aircraft Performance

Aircraft MTOW 5% 1
Thrust loading 10% 1

Range 10% 1

Performance

. Target
Requirement g

Determined to
aircraft performance

10% |

Thrust

SFC

SFC 10% Decrease

SFC [Ibm/Ibf/hr]

Dry Thrust [Ibf]

Fig. 1 Thrust—SFC trend of 4.5" and 5" generation

fighter engines'®”
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Selectingkey
parameters

Fan/HPC pressure ratio, Turbine Inlet Temperature, Bypass Ratio,
Selecting design scope

Selecting design

space and constraints Defining design space and constraint items/range

Deriving Design of Experiment (DOE) and obtaining thrust, SFC
distribution for each test point (Response Surface)

Defining objective
function

Optimization Deriving optimal parameters for the conceptual design

TradeStudy /
Update

Updating performance design through analysis of component
design results and off-design point performance analysis

Fig. 3 Engine cycle design optimization process

Table 3 Design variables for cycle design optimization

Design Parameters Remarks

Fan Pressure Ratio
HPC Pressure Ratio

Max. pressure ratio limit for 3 stage fan

Max. pressure ratio limit for 6 stage HPC

Min. bypass ratio limit for afterburning
Max. BPR limit for 1 stage Low
Pressure Turbine (LPT)

Bypass Ratio (BPR)

Turbine Inlet

Temperature (TIT) TIT range for 5" gen. fighter engines
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Table 4 Engine concept design cases

Engine Concept Design
123 ]a]ls]e]7]s8]o

Engine 103 | 21.8 | 17.9

Same as % % %

Inet Legacy Engine Incre | Incre | Incre
Diameter

ase | ase | ase

Level of | 1985 | 1985 | 2005 | 2005 | 2025 | 2025 | 2005 | 2005 | 2025

Components | - - - - - - - - -

Technology | 2005 | 2005 | 2025 | 2025 | 2045 | 2045 | 2025 | 2025 | 2045

Fn-SFC Next | 4.5- | Next | 4.5- | Next | 4.5- | Next | Next | Next

Gen. | 5" |Gen. | 5" |Gen. | 5" | Gen. | Gen. | Gen.

Comrelation between Fighter Performance
Requirements and Engine Architecture
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Fig. 6 Engine architecture items related to
airframe requirements
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Table 5 Design results of key items related to advanced

aero engine architecture

1. Fan bearing arrangement

. . Straddle Selected
Considerations Mounted type Over-hung type type
Rotor stability 000 O

. Straddle
Weight, Cost O 0O Mounted
Low observability 000 O
2. Rear bearing arrangement
. . Turbine Exit | Turbine Inter- | Selected
Considerations
Strut stage Strut type
Frame design
difficulty 0 O
Weight, Cost 00 0) Turbine Exit
Strut
Tip clearance change @) 000 !
Maintainability @) 00O
3. Fan Variable Inlet Guide Vane
Considerations w/ VIGV w/o VIGV Selected
type
Aero performance,
Flow stability 000 ©
Weight, Cost O 000 W VIGY
FOD Capability OO0 00O
4. Rotor rotation
Considerations Co-rotation Coun.ter Selected
Rotation type
Turbine efficiency O 00O
ISB life O 00O
: " Counter
Dynamics ?rltlca] 00 O Rotation
speed risk
Gyroscopic loads O 0O
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