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Abstract— The aviation industry continues to innovate onboard 

systems to enhance efficiency. This research examines the role of 

engine intake performance, specifically pressure recovery (PR), in 

improving the performance of a three-spool turbofan engine. 

Variations in an aircraft's flight path have a direct impact on 

pressure recovery. A computational fluid dynamics (CFD) model 

was first developed to assess pressure recovery at various angles 

of attack (0°, 10°, 20°, 30°, and 40°) at a Mach number of 0.82 and 

an altitude of 12,000 meters. Using ANSYS FLUENT® 19 with the 

Spalart-Allmaras turbulence model, the simulations revealed that 

the pressure recovery is highest at lower angles and gradually 

decreases at higher angles, with values between 0.92 and 0.98. 

MATLAB was then employed to analyze how intake pressure 

recovery affects the performance of a three-spool turbofan engine 

under similar conditions, with a Mach number range from 0.2 to 

1. The results showed that improved pressure recovery led to a 4% 

enhancement in specific thrust, a 3% reduction in thrust-specific 

fuel consumption, and overall gains in engine efficiency. The study 

suggests that maintaining high pressure recovery is crucial to 

optimizing engine performance. 

 
Keywords— Turbofan Engine, Jet Engine Performance, Jet 

Engine Intake Efficiency, Pressure Recovery, CFD, thermodynamic 

cycle.  

I.INTRODUCTION 

With the anticipated rapid expansion of air travel, it is crucial 

for policymakers, as well as aircraft and engine manufacturers, 

to consider both the economic and environmental implications 

associated with the industry, [1]. The primary goal in 

developing new aircraft engines is to increase overall 

efficiency, with a focus on optimizing intake performance, [2].  

The aircraft engine intake is a critical element that affects both 

propulsion and the aerodynamic aircraft performance, [3]. The 

engine intake provides the necessary free-streaming air into the 

engine by reducing the flow's velocity and converting its kinetic 

energy into pressure. Throughout different flight phases, 

varying in speed from subsonic to supersonic, the intake 

essential deliver adequate airflow to the engine. While it doesn't 

directly influence the airflow, it plays a crucial role in ensuring 

the air quality at the compressor inlet, requiring high total 

pressure and minimal distortion, [4]. The placement and design 

of the inlet significantly influence the aerodynamic forces on 

the aircraft, as it forms part of the wetted surface. The flow 

patterns through a subsonic air inlet at low, design, and high 

speeds are shown in Figure 1. By maximizing the pressure 

recovery factor (PR) and bringing it as close to unity as 

possible, the goal of effective layout of the intake is to reduce 

fluid losses, as stated in references [5] and [6]. 

 

 
  

(A) LOW SPEED SUCKING 

CONDITION. 

(B) SUBSONIC  DESIGN 

POINT CAPTURE AREA 

MATCHES INTAKE AREA.  

(C) HIGH SPEED (SUBSONIC) 

INTAKE SPILLING. 

FIGURE 1: STREAM LINES AT LOW, DESIGN, AND HIGH SPEEDS FOR SUBSONIC 

INTAKE [5]. 

A shockwave is created as the free stream flow accelerates close 

to the nacelle lip as it reaches the engine diffuser at high angles 

of attack (AOA), [7]. The boundary layer thickens due to the 

typical nacelle's lower lip shock. If the shock is sufficiently 

strong, it can induce separation that leads to complete intake 

separation. Figure 2 illustrates the essential components of 

intake flow dynamics at high angles of attack, including 

complete separation, [8]. The performance of the engine intake 

is affected by different phases of aircraft operation, especially 

changes in angle of attack (AOA), which in turn influence 

engine performance, [9]. 
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FIGURE 2: DIAGRAM SHOWING THE PHYSICS OF FLOW NEAR A HIGH-

INCIDENCE INTAKE IN A CRITICALLY SEPARATED STATE. 

Engine intakes must be designed to be narrower and shorter to 

address the growing diameter of engine inlets due to higher 

bypass ratios in future engines. This design strategy also aims 

to reduce drag and weight. However, the increased diffuser 

angles of shorter intakes can exacerbate shock-induced 
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separation under off-design conditions, [10]. By utilizing an 

extended modular version of the single-equation model of 

turbulence, specifically the Spalart–Allmaras model, positive 

outcomes have been achieved. This progress aids in creating a 

more reliable intake design framework. The model is used to 

predict crosswind flow over the intake lip in a 90-degree sector, 

considering both smooth and rough surface conditions, [11]. 

Flow separation and reattachment-related hysteresis 

phenomena are studied, [12]. To validate a subsonic cruise 

vehicle using empirical data, a commercial CFD code is 

employed to model the flow field, combining the Navier-Stokes 

equations with a stable, three-dimensional, density-based one-

equation turbulence model, [13]. The goal of ongoing research 

is to create an intake-compressor system that is inherently more 

resilient to surge and stall events. By using this method, 

compressor stall will be prevented without the need for intricate 

control systems, [14]. It is investigating the S-duct intake's 

aerodynamic design for subsonic circumstances, [15]. This 

study considers five length-to-offset ratios and two centering 

ratios as design criteria. Each configuration is analyzed using 

CFD simulations at various AOA, and the resulting data is 

estimated. For each configuration, Recovery coefficients and 

total pressure distortions are computed. 

The thermodynamic cycle of the GE90 engine determines thrust 

(T) and thrust-specific fuel consumption (TSFC) based on 

parameters such as bypass ratio (B), overall pressure ratio 

(OPR), and turbine inlet temperature (TIT), as examined in 

[16]. The research indicates that thrust increases with turbine 

inlet temperature (TIT) but decreases with higher bypass ratio 

(B) and overall pressure ratio (OPR). Conversely, thrust-

specific fuel consumption (TSFC) increases with TIT while 

decreasing with higher B and OPR. Additionally, as noted in 

[17], climatic factors such as temperature, humidity, and 

pressure significantly affect the durability and performance of 

aircraft turbine engines. Additionally, the adverse effects of air 

pollution are acknowledged as a significant factor in engine 

degradation. This study primarily focuses on the constraints 

imposed on airplane takeoff weight (TOW) and the required 

runway length, which are influenced by varying weather 

conditions. Research in [18] examines how changes in the anti-

icing mass flow rate from a system of bleed air impact 

performance of the anti-icing system, particularly in high 

bypass ratio and two-spool turbofan engines. 

Building on prior research, this paper investigates the effect of 

intake performance on high bypass and three-spool turbofan 

engines across various angles of attack (0, 10, 20, 30, and 40 

degrees). Initially, a computational model of the turbofan 

engine intake is employed to analyze flow parameters at an 

altitude of 12,000 meters and a Mach number (M) of 0.82 at 

different angles of attack, using ANSYS FLUENT® 19 and the 

Spalart-Allmaras model to assess pressure recovery (PR). 

Subsequently, the thermodynamic cycle of the turbofan engine 

is examined using MATLAB® software to evaluate the impact 

of intake performance during various flying phases regarding 

engine performance. Figure 3 illustrates the outline of the 

phases involved in this investigation. This study introduces new 

insights by uncovering how various flight phases influence 

engine configurations and intake efficiency. 
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FIGURE 3: AN OUTLINE OF THE PHASES INVOLVED IN THIS INVESTIGATION. 

II.EFFET OF  VARIATION OF AOA ON TURBOFAN 

ENGINE INTAKE PERFORMANCE 

The primary goal of this research is to expect the intake 

performance (PR) of a turbofan engine across angles of attack 

(AOA) ranging from 0 to 40 degrees. While intake performance 

is traditionally determined through experimental testing, this 

approach can be time-consuming and more expensive 

compared to using Computational Fluid Dynamics (CFD). CFD 

has develop an essential tool for aiding in the development, 

optimization, innovation, verification, and validation of 

engineering processes, as noted in [19] and [20]. 

A. Turbofan Engine Intake  Numerical Modeling and 

Dimensions 

This study's flow is regarded as compressible and external-

internal. Figure 4 illustrates the geometry of the CFD model for 

the turbofan engine intake. The dimensions for the front 

diameter, fan diameter, intake thickness, and hub diameter are 

2.205 m, 2.304 m, and 0.6 m, respectively. 

     

2.304 m2.205 m

0.6 m

1.37 m

0.6 m

 

FIGURE 4: TURBOFAN ENGINE INTAKE GEOMETRY. 

The boundary conditions defined at the "farfield" boundary 

include an ambient static temperature of 216.7 K, an ambient 

static pressure of 19,330.41 Pa, and M of 0.82 at an altitude of 
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12,000 meters. For the "pressure-outlet" boundary, the entire 

temperature as well as the ambient static pressure are specified. 

The "pressure-outlet" boundary is employed in the fan model, 

allowing for the calculation of the fan face's static pressure to 

achieve the desired flow rate, effectively simulating the actual 

mass airflow under specific flight conditions. The hub is 

adjusted to the average static temperature of the surrounding 

airflow, and the nacelle is modeled as a wall of constant 

temperature that maintains the same ambient static temperature 

as the farfield. Figure 5 illustrates the domain boundary types: 

hub (wall), pressure outlet (fan), nacelle (wall), and pressure 

farfield. 

 

FIGURE 5: A COMPUTATIONAL MODEL OF TURBOFAN ENGINE INTAKE. 

B. Turbofan Engine Intake Domain Discretization 

The mesh for the study is created using the Mesh tool in 

ANSYS FLUENT®19. It is crucial to minimize grid size at the 

boundaries, specifically around the intake and hub walls, to 

ensure accuracy. To optimize memory usage and reduce 

computation time, the grid volumes farther from the boundaries 

are made as large as possible. The mesh employs a size function 

with a rate of growth of 1.01, a 1 mm maximum grid size, and 

a 1 mm maximum grid size at the intake and hub walls. The 

total number of cells is approximately 4.12578×10⁵, and the 

mesh is an unstructured triangle-pave grid. The average 

skewness quality for each model is around 0.19124, indicating 

excellent mesh quality, as shown in Figure 6. 

C. Check for grid dependencies 

A grid independence investigation was conducted to maximize 

the number of grid cells without sacrificing accuracy. While 

increasing the number of cells generally enhances the precision 

of numerical solutions, it also demands more computational 

resources, including memory and processing time. The ideal 

mesh is obtained by refining the grid until further increases in 

cell count no longer affect the results. To assess the results'  

 

FIGURE 6: AN EXAMINATION IS CONDUCTED ON THE TURBOFAN ENGINE 

INTAKE'S MESHED CONTROL SURFACE. 

independence from the cell count, five different mesh 

configurations were tested. As a function of the number of cells, 

Figure 7 displays the distribution of static pressure along the 

intake length, with an angle of attack of 0 degrees and a Mach 

number of 0.82.Approximately 4.12578×10⁵ cells were 

determined to be sufficient for reducing solution time without 

affecting the accuracy of the results. An Intel Core i7 CPU with 

16 GB of RAM was used for all computations, and the scaled 

residual was lowered to a value less than 10⁻⁶. 

 
FIGURE 7: STATIC PRESSURE (PA) AT MACH NUMBER OF 0.82 AND AOA OF 0 

DEGREES PLOTTED VERSUS THE TURBOFAN ENGINE-INTAKE LENGTH (M) FOR 

VARIOUS NUMBERS OF GRID CELLS. 

III.RESULT AND DISCUSSIONS 

The turbofan engine intake is evaluated at different angles of 

attack (AOAs: 0, 10, 20, 30, and 40 degrees) to assess the 

effects of AOA on pressure recovery (PR) and overall 

efficiency at M of 0.82 and an altitude of 12,000 meters. 

Simulations are conducted using ANSYS FLUENT® 19 CFD 

software, utilizing the Spalart-Allmaras turbulence model to 

analyze intake performance.  
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A. Velocity vectors around turbofan engine intake  

The airflow properties delivered by the intake play a significant 

role in engine performance, making efficient inlets a critical 

component of any propulsion system. Intake design and 

operation directly affect air compression, flow stability, and 

pressure recovery, all of which are essential for optimizing 

engine performance. As depicted in Figure 8-a, the velocity 

vector at an AOA of 0 degrees shows no signs of flow 

separation, indicating minimal losses and an increase in 

pressure recovery (PR). In contrast, Figure 8-b illustrates the 

velocity vector at an AOA of 40 degrees, where flow separation 

occurs, leading to turbulence, energy dissipation, and a 

reduction in pressure recovery. Ensuring stable and attached 

airflow through the intake is crucial for maximizing pressure 

recovery and minimizing losses, which is a key consideration 

in propulsion system design. 

 

a) TURBOFAN ENGINE INTAKE WITH AOA 0 DEGREE.                                

b) TURBOFAN ENGINE INTAKE WITH AOA 40 DEGREE.                                

FIGURE 8: TURBOFAN ENGINE-INTAKE SURFACE VELOCITY VECTOR (M/S) 

WITH M OF 0.82 AND ALTITUDE OF 12000 M. 

 

B. Velocity magnitude and static pressure along turbofan 

engine intake  

Pressure recovery can decrease due to several factors, including 

turbulence caused by flow separation and losses resulting from 

boundary layer effects on the diffuser walls. As previously 

mentioned, an increase in AOA leads to greater losses within 

the intake and a corresponding reduction in pressure recovery. 

The primary function of an inlet in a propulsion system is to 

increase the pressure of incoming airflow, as shown in Figure 

9-b. This is achieved by slowing the flow velocity, as depicted 

in Figure 9-a. Under compressible flow conditions, the inlet 

effectively operates as a compressor. At an AOA of 0 degrees, 

the pressure recovery reaches approximately 0.98, indicating 

highly efficient inlet performance. However, at an AOA of 40 

degrees, pressure recovery drops to around 0.92, highlighting a 

significant decline in performance due to flow separation and 

increased losses at the higher angle of attack. 

 

a) VELOCITY MAGNITUDE WITH AOA OF 0 AND 40 DEGREE. 

b) STATIC PRESSURE WITH AOA OF 0 AND 40 DEGREE. 

FIGURE 9: VELOCITY MAGNITUDE (M/S) AND STATIC PRESSURE (PA) AS 

AFFECTED BY TURBOFAN ENGINE-INTAKE (M=0.82, AT ALTITUDE=12000 M). 

 

IV.EFFECT OF  VARIATION OF PRESSURE RECOVERY OF  

INTAKE ON TURBOFAN ENGINE PERFORMANCE 

In order to analyze the thermodynamic cycle of a three-spool 

turbofan engine, such as the TRENT 1000, the incoming 

airflow is separated into hot and cold streams. After passing 

through the fan, the cold stream exits through the fan nozzle. 

As shown in Figure 10, the engine consists of three spools: the 

high-pressure turbine drives the compressor on the high-

pressure spool, the low-pressure turbine powers the fan on the 

low-pressure spool, and the intermediate-pressure turbine 

drives the compressor on the intermediate-pressure spool. 

Figure 11 shows the engine arrangement, including the states of 

the three-spool turbofan engine and the T-S diagram. Assume 

that the properties upstream and downstream of the combustion 

chamber  are constant, with (ɣc, Cpc) for the upstream and (ɣh, 

Cph) for the downstream. 
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a) A THREE SPOOL TURBOFAN ENGINE LIKE (TRENT 1000) 

 

b) ENGINE LAYOUT WITH STATES OF THERMODYNAMIC CYCLE 

FIGURE 10: A THREE SPOOL TURBOFAN ENGINE LIKE (TRENT 1000) AND 

ENGINE LAYOUT WITH STATES OF THERMODYNAMIC CYCLE. 
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FIGURE 11: SCHEMATIC DIAGRAM FOR A T-S ENGINE, A THREE-SPOOL 

TURBOFAN. 

 

A. Three-spool turbofan engine thermodynamic cycle analysis  

Thermodynamic process equations were applied to all of the 

engine's components as follows:  

The engine intake pressure recovery (PR) can be described as 

follows: 
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Intake PR is taken between 0.92 and 0.98 in the CFD intake 

model used in the study. The equation describing the 

performance parameters for three-spool turbofan engines are as 

follows: 

 

• specific thrust: 
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Where:   T is the thrust force, am
 is the air mass flow rate, V is 

the flight speed, V11 is the exhaust hot gases speed, and V12 is 

the exhaust cooled gases speed. 

 

• Thrust specific fuel consumption (TSFC): 
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• Thermal efficiency:  
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•  Overall efficiency: 
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The primary goal of this software is to ascertain the connections 

between engine design parameters (such as pressure recovery 

of the intake, compressor pressure ratio, fan pressure ratio, 

bypass ratio, etc.) and engine performance (Such as specific 

fuel consumption (TSFC), thrust T, etc.). Constraints associated 

with the flight environment (like the M, ambient temperature, 

ambient pressure, etc.) include the burner exit temperature and 

compressor exit pressure. Next, the effect of varying intake 

pressure recovery (PR) on engine performance is assessed. To 

evaluate the impact of intake pressure recovery on engine 

performance, the thermal cycle of a three-spool turbofan engine 

is simulated and analyzed using MATLAB 7 software. Table 1 

presents the design characteristics and operating circumstances 

with a range of variation for the case study of a three-spool 

International Journal of Applied Energy Systems, Vol. 7, No. 1, January 2025

5



turbofan engine, such as the Trent 1000. The Trent 1000 engine 

design parameters and operating conditions are reported in [21], 

and [22]. 
 

TABLE 1: A THREE-SPOOL TURBOFAN ENGINE'S OPERATING CONDITIONS  

properties value properties value properties value 

pr  [0.92 : 

0.99] 3  

1 
IPC


 

5.8 

f  
0.9 M  

0.82[0.2:0.85] 
HPC


 

4.2 

c  
0.89 

F


 
1.45 

c  
1.4 

b  
0.98 ( )TIT K

 
1543 

h  
1.33 

t  
0.93 

.c cp
 

0.03  

n  
0.98 

fanductp
 

0 

m  
0.99 ( )/ .ccp J kg K

 
1005 

1  
0.84 ( )/ .hcp J kg K

 
1148 

2  
1 ( )/ .R J kg K  287 

 

B. Result and discussion of three spool turbofan engine 

performance analysis. 

For verification of three spool turbofan engine MATLAB code, 

the variations of engine performance with selected 

thermodynamics parameters changes such as Mach number (M) 

is investigated on Figure 12. The difference in particular thrust 

as a function of pressure recovery factor and Mach number. At 

a constant Mach number, Figure 12 illustrates that the specific 

thrust increases with enhancing pressure recovery factor. The 

specific thrust rises by about 4% when the pressure recovery 

factor is raised from 0.92 to 0.99. 

 

 
FIGURE 12: DISTRIBUTION OF SPECIFIC THRUST ( / aT m ) FOR THREE SPOOL 

TURBOFAN ENGINE WITH (M). 

Figure 13 depicts the changes in thrust-specific fuel 

consumption (TSFC) in response to variations in M and PR 

factor. At a constant M, an increase in the PR factor leads to a 

decrease in TSFC. Specifically, raising the PR factor from 0.92 

to 0.99 results in an approximate 3% reduction in TSFC. 

 

FIGURE 13: DISTRIBUTION OF THRUST SPECIFIC FUEL CONSUMPTION (TSFC ) 

FOR THREE SPOOL TURBOFAN ENGINE WITH (M). 

The difference in thermal efficiency brought about by 

adjustments to the PR factor and M is examined in Figure 14. 

Figure 14 shows that thermal efficiency ( th ) increases at a 

constant M as the PR factor rises. Thermal efficiency ( th ) 

increases by about 2.5% when the PR factor is raised from 0.92 

to 0.99. 

 

 

FIGURE 14: DISTRIBUTION OF THERMAL EFFICIENCY ( th
) FOR THREE SPOOL 

TURBOFAN ENGINE WITH (M). 

The variation of propulsive efficiency ( p ) as a function of PR 

factor and M is examined from Figure 15. Figure 15 illustrates 

how propulsive efficiency ( p ) increases at a constant M as the 

PR factor improves. The propulsive efficiency ( p ) rises by 

roughly 2% when PR factor is increased from 0.92 to 0.99.  

 

FIGURE 15: DISTRIBUTION OF THERMAL EFFICIENCY ( p ) FOR THREE SPOOL 

TURBOFAN ENGINE WITH (M). 

The variation of overall efficiency ( o ) as a function of PR 

factor and M is examined from Figure 16. Figure 16 illustrates 

how overall efficiency ( o ) improves at fixed M as the PR factor 

rises. The overall efficiency ( o ) improves by roughly 4% when 

PR factor is increased from 0.92 to 0.99. 
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FIGURE 16: DISTRIBUTION IN THE THREE-SPOOL TURBOFAN ENGINE'S 

OVERALL EFFICIENCY ( o ) WITH (M). 

 

V.CONCLUSIONS 

The turbofan engine intake efficiency (pressure recovery) in 

aircraft is very important to enhance the engine performance. 

From first study, it is investigated a CFD Model of turbofan 

engine intake with various angle of attack (40, 30, 20, 10, and 

0) degrees to evaluate the pressure recovery on engine intake. 

The main results showed that the pressure recovery of engine 

intake decreased with increasing the angle of attack. 

Specifically, at an AOA of 0 degrees, the pressure recovery is 

approximately 0.98, indicating a highly efficient inlet 

operation. In contrast, at an AOA of 40 degrees, the pressure 

recovery drops to around 0.92, demonstrating a significant 

deterioration in performance due to the flow separation and 

increased losses at the higher angle of attack. 

Using MATLAB software, the second study examines the 

thermodynamic cycle of a three-spool turbofan engine. The 

engine's performance parameter with Mach number changed 

from 0 to 0.9 is demonstrated with varying engine intake 

pressure recovery values ranging from 0.92 to 0.99. The 

findings are summed up as follows:  

• Raising pressure recovery (PR) from 0.92 to 0.99, 

which results in an approximate 4% rise in average 

specific thrust with Mach number changed from 0 to 

0.9.  

• The average thrust-specific fuel consumption (TSFC) 

was reduced by approximately 3%. 

• The average propulsive efficiency was enhanced by 

approximately 2%. 

• The average thermal efficiency was enhanced by 

approximately 2.5%. 

• The average overall efficiency was enhanced by 

approximately 4%. 

 
Finally, it is shown that pressure recovery in the engine intake 

should be enhanced during all phases of flight to minimize any 

negative impact on engine performance. 
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VII. NOMENCLATURE 

 

• List of symbols • Greek Letters 

ecA  
Exit area for the cold stream   By bass ratio, /m mc h

 

ehA  
Exit area for the hot stream   

c  
Specific heat ratio of cold air 

  
h  

Specific heat ratio of hot air 

b1 Turbine cooling Bleed  

air ratio ( )/
bleedturbinem ma

 
d  The diffuser isentropic efficiency 

b2 Anti-icing Bleed  

air ratio /
Anti icing

bleed

m ma
−

 
 
 

 

f  
Fan isentropic efficiency 

pcC
 

Specific heat of cold air 
HPC  

High compressor isentropic efficiency 

ph
C

 
Specific heat of hot air 

. .H p t  High turbine isentropic efficiency 

f  
Fuel to air ratio 

IPC  
Intermediate Compressor isentropic 

efficiency 

aM  
Mach number 

IPT  
Intermediate turbine isentropic efficiency 

am  
Total air mass flow rate in engine, (kg/sec) ( )ch

m m+  . .L p t  
Low turbine isentropic efficiency 

 

c
m  

Air mass flow passing through the fan (kg/sec) 
n  

Nozzle isentropic efficiency 

h
m  

Air mass flow passing through the hot section of engine (kg/sec) 
o  

Overall efficiency, 
o pth
  =   

p  
Pressure (N/m2) 

p  
Propulsive efficiency 

ecP  
Exhaust pressure of the cold stream 

th  
Thermal efficiency 

ehP  
Exhaust pressure of the hot stream 

f  
Fan pressure ratio 

ccP  
Pressure drop in combustion chamber 

HPC  High compressor pressure ratio 

fanductP  
Fan duct pressure drop 

IPC  Intermediate compressor pressure ratio 

mixP
 

Mixer pressure drop  • List of Abbreviations 

RQ  
Fuel heating value AI-BAS Anti-icing bleed air system 

T  
Thrust (N) HBPT High by pass turbofan 

/ aT m
 

Specific thrust (N.s/kg) HPC High pressure compressor 

ecu  
Velocity of cold air leaving the fan nozzle  PSM Partial span model 

ehu  
Velocity of hot gases leaving the turbine nozzle TIT Turbine inlet temperature 

V flight speed (m/sec)   
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