
Engineering and Technology Journal 41 (01) (2023) 132-141 
 

 

Engineering and Technology Journal  
Journal homepage: https://etj.uotechnology.edu.iq 

 
 

 

 

 

132 
http://doi.org/10.30684/etj.2022.133963.1214 
Received 20 May 2022; Accepted 22 July 2022; Available online 28 September 2022 
2412-0758/University of Technology-Iraq, Baghdad, Iraq 
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0 
.   
 

Numerical Simulation of Powering Turbofan Propulsion Aircraft with 
Electricity 

Thomas O. Onah*a, Christian C. Akaa, Bertrand N. Nwankwojikeb  
a Mechanical and Production Engineering, Enugu State University of Science and Technology, Enugu, Nigeria.     
b Mechanical Engineering, Michael Okpara University of Agriculture, Umudike, Nigeria 
*Corresponding author Email: okechukwutm@yahoo.com 

H I G H L I G H T S   A B S T R A C T  
• This research is focused on the propulsion of 

aircraft using electricity. 
• More electric aircraft approach has allowed 

the older power subsystems to be replaced 
by electrical systems within modern aircraft. 

•  The result of the lift power requirement 
should be a boost for battery companies to 
develop FWA.  

• The result of the current study inferred that 
the Flying Wing Aircraft is more 
aerodynamic and would improve aircraft 
efficiency and emit less emission. 

 The gas turbine-based propulsion systems were responsible for the emission of 
pollutants that damage the ecosphere. Commercial aviation represented a large 
portion of carbon emissions within the aviation industry, so this study focused on 
novel aircraft propulsion systems for large commercial aircraft. Electric 
propulsion was considered to be an alternative to conventional propulsion 
systems. Therefore, this report analyzed the various electric aircraft concepts 
within the aerospace industry to see whether they have environmental benefits. A 
flying wing aircraft was compared to a conventional tube-and-wing aircraft using 
Computational Fluid Dynamics to determine which aircraft requires more power. 
The lift forces acting on the conventional aircraft and flying wing at cruise speed 
were 269,110 N and 10681 N, while the drag forces acting on the conventional 
aircraft and Flying Wing Aircraft at cruise speed were 260,940 N and 7679 N, 
respectively. More electric aircraft approach has allowed the older power 
subsystems to be replaced by electrical systems within modern aircrafts such as 
the Boeings, airbus, etc. This has increased fuel efficiency. The result of the lift 
power requirement should be a boost for battery companies to develop FWA. 
Conclusively, the result inferred that the Flying Wing Aircraft is more 
aerodynamic and, therefore, would improve aircraft efficiency and emit less 
emission. 
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1. Introduction 
The Air transport industry needs to find a cleaner way of flying so that the environment is not polluted and the public's 

health is not compromised by toxic emissions such as nitrous oxides, NOx, trioxygen, O3, and particulate matter, PM2.5 [1]. The 
European aviation sector is looking for ways to enhance aircraft operational performance and the environmental health of its 
aerospace industry. Aircraft emissions account for 2% of carbon emissions globally. The EU’s aviation industry makes up for 
3% of the overall greenhouse gas emissions. Studies show that if existing technology is not developed, emissions are likely to 
increase by two and half times due to the blossoming middle class in developing regions of the world such as Africa, China, 
India, and Brazil, where people increasingly want to travel. The first target is to replace 10% of fuel with low-carbon 
alternatives in the next ten years. And the second is to begin developing a carbon-free fuel from renewable energy sources [2]. 
This is a result of energy used for lift and drag.  EU member nations were required to advance a national strategy to achieve a 
climate-neutral economy, in accordance with the Paris Agreement, by the year 2050. 

The electrical systems are used to power avionics and lighting systems; the hydraulic system is used for most aircraft 
actuation systems, and the pneumatic system provides for loads such as pressurization of the cabin and air-conditioning. The 
mechanical system pumps the fuel and oil [3]. Over the years, aircraft manufacturers have increasingly replaced hydraulic and 
pneumatic systems with electrical systems to reduce fuel consumption and operating costs and minimize the environmental 

https://etj.uotechnology.edu.iq/
http://doi.org/10.30684/etj.2022.133963.1214
http://creativecommons.org/licenses/by/4.0
mailto:okechukwutm@yahoo.com
https://orcid.org/0000-0001-5836-3750


Thomas O. Onah et al. Engineering and Technology Journal 41 (01) (2023) 132-141 
 

133 
 

 

impact of flying. This approach to aircraft design is called the More Electric Aircraft Concept (MEA).  The MEA concept 
relates to the non-propulsive systems of the aircraft. It is a trend that gradually began in 1967 with the introduction of the 
electric cabin and avionics to the Boeing 737 aircraft and has continued since [4]. The EAP concept requires rapid 
technological development as opposed to the MEA concept. The redesign of general aviation will not substantially affect 
overall CO2 emissions in the aviation industry, so it is necessary to focus on single and twin-aisle aircraft and invent more 
powerful technologies to reduce carbon emissions. The Boeing SUGAR (Subsonic Ultra-Green Aircraft Research) concept is a 
sequence of aircraft designs issued by The National Aeronautic and Space Administration (NASA); these aircraft 
configurations were designed in the 2000s. Compared with current technology. The SUGAR Volt concept decreases carbon 
emissions by 70% [5]. The Navier-Stokes equations are a partial differential equation that accurately describe viscous fluids' 
behavior, modeled as a continuum rather than discrete particles. The Navier-Stokes equations are complex and unstable and do 
not have an exact solution, meaning "many solutions are generated that must be averaged to produce engineering quantities 
such as lift or drag from a pressure solution. [6].This calls for computational fluid Dynamics (CFD) in assessing powering 
turbofan propulsion passenger aircraft with electricity based on aircraft flying parameters.  

The aeroplane uses LNG liquefied natural gas to produce electricity in flight and integrates a fuel cell with the turbine 
engine. “The aft propulsor in the aircraft is run with electrical energy to power the boundary layer and reduce drag” [7]. 
Actualizing this concept is still miles away as the technologies required for the concept's operation are still under development 
and are within the N+4 timeframe. The integration of the tanks and engines is a safety concern, and liquid natural gas produces 
methane emissions that are harmful to the environment. The advantage offered by a turboelectric propulsion system is the 
reduction in greenhouse gas emissions and noise pollution. Inside gas turbine engines, nitric oxide and nitrogen dioxide are 
generated. Aircraft exhaust emissions have a devastating effect on the environment. The N3-X configuration reduces nitrogen 
emissions and exceeds emissions standards by 85 percent [8].  

Although this series of aircraft models have greatly benefited the aviation sector, it has failed to address the issue of 
environmental consequences and noise pollution. They have also failed to address an aircraft's high energy usage and high 
power requirement. These inadequacies give birth to the electrification of aircraft propulsion systems. In the early 2000s, 
aeronautical engineers began to think and analyze ways to electrify aircraft propulsion systems; the prototypes were designed 
and developed by NASA using various computer software. As observed from the existing knowledge, no one has used 
computational fluid dynamics (CFD) simulations to compare the influence of energy and power requirements of an electric 
turbofan aircraft at various stages of flight with that of the conventional turbofan aircraft to determine which is more 
aerodynamic. Hence assessment of powering turbofan propulsion passenger aircraft with electricity using CFD simulation was 
studied 

2. Materials   
The Reynolds-averaged Navier-Stokes (RANS) Simulation approach was used within Computational Fluid Dynamics 

(CFD) to simulate different engineering flows. The use of turbulence models (like k-omega & k-epsilon) helped to solve 
turbulence flows and measured turbulence-induced stress. The function of CFD within aircraft design was to characterize flow 
regimes in and around the aircraft detailing the shear stress, pressure, and flow velocities that the aircraft structure undergoes.  

2.1 Method Used for the Simulation 
The parameters affecting how the airflow behaves are density ρ, velocity ѵ, length L, and kinematic viscosity µ. The 

airflow within the control volume followed the conservation laws of mass momentum and energy. Ansys Fluid Flow is used to 
analyze the airflow properties over the aircraft. Equation 3 shows the Reynolds Number Equation. 

 𝑅𝑅𝑅𝑅 = 𝑝𝑝𝑝𝑝𝑝𝑝
𝜇𝜇

  (1) 

The first layer height is determined using Equation 2 to 5 below [9]. “The cell wall distance parameter, or y+, which is a 
non-dimensional property, defines the distance between the wall and a given cell height as a function of the flow property [10]. 

 𝐶𝐶𝑓𝑓 = (2𝑙𝑙𝑙𝑙𝑙𝑙10(𝑅𝑅𝑅𝑅𝑥𝑥) − 0.65)−2.3 𝑓𝑓𝑙𝑙𝑓𝑓 𝑅𝑅𝑅𝑅𝑥𝑥 < 109  (2) 

 𝜏𝜏𝑤𝑤 = 𝐶𝐶𝑓𝑓 . 1
2
𝜌𝜌𝑈𝑈𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓2  (3) 

 𝑈𝑈∗ = �
𝜏𝜏𝑤𝑤
𝜌𝜌

    (4) 

 𝑦𝑦 = 𝑦𝑦+𝜇𝜇
𝜌𝜌𝑢𝑢∗

  (5) 

Table 1 shows that the flow is fully turbulent. Therefore a turbulence model is needed to resolve the flow problem in the 
viscous sub-layer of the boundary region. There exist many turbulence models that can also be applied to model the flow 
within the boundary layer, but the model preferred for this simulation is the k-𝜔𝜔  SST (Shear-Stress Transport).  
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Table 1: Wall distance according to flow conditions 

Reynolds 
Number 

 Inlet velocity (m/s) Mach 
Number 

First Layer Height (y) When y+=1 

16.4x106 20 0.068 6.94x10-5 m 
41.1x106 50 0.169 2.96x10-5 m 
82.2x106 100 0.339 1.55x10-5 m 
143.9x106 175 0.593 9.19x10-6 m 
190.8x106 232* 0.785 7.06 x10-6 m 

                       * To the nearest 1 m/s 
Equation 6 shows the two equations that SST k-𝜔𝜔 uses to capture the behavior of the viscous sublayer: 

 𝑑𝑑
𝑑𝑑𝑓𝑓

(𝑝𝑝𝑝𝑝) + 𝑑𝑑
𝑑𝑑𝑥𝑥𝑖𝑖

(𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖) = 𝑑𝑑
𝑑𝑑𝑥𝑥𝑗𝑗

�𝛤𝛤𝑘𝑘
𝑑𝑑𝑘𝑘
𝑑𝑑𝑗𝑗
� + 𝐺𝐺�𝑘𝑘 − 𝑌𝑌𝑘𝑘 + 𝑆𝑆𝑘𝑘 

 𝑑𝑑
𝑑𝑑𝑓𝑓

(𝑝𝑝𝜔𝜔) + 𝑑𝑑
𝑑𝑑𝑥𝑥𝑖𝑖

(𝑝𝑝𝑝𝑝𝑣𝑣𝑖𝑖) = 𝑑𝑑
𝑑𝑑𝑥𝑥𝑗𝑗

�𝛤𝛤𝜔𝜔
𝑑𝑑𝜔𝜔
𝑑𝑑𝑥𝑥𝑗𝑗
� + 𝐺𝐺�𝜔𝜔 − 𝑌𝑌𝜔𝜔 + 𝐷𝐷𝜔𝜔 + 𝑆𝑆𝑤𝑤  (6) 

Where 𝑌𝑌𝑘𝑘and 𝑌𝑌𝜔𝜔are the dissipation of 𝑝𝑝 and 𝜔𝜔 due to turbulence. 𝐺𝐺𝑘𝑘  is the production of turbulence kinetic energy due to 
mean velocity gradients and 𝐺𝐺𝜔𝜔 is the production of 𝜔𝜔.𝛤𝛤𝜔𝜔  and 𝛤𝛤𝑘𝑘  are the effective diffusivity of 𝜔𝜔 and 𝑝𝑝, respectively. 
𝐷𝐷𝜔𝜔  Stands for cross-diffusion and 𝑆𝑆𝑘𝑘 and 𝑆𝑆𝜔𝜔  are the optional sources in the model [11] 

2.2 Comparison Between the Two Aircrafts Useful 300 Seat Case Payload Passenger Transporter 
The case of 300 passengers in Figure 1 affected the observation below. The conceptual design of a 300-seat, wingspan-

limited C-wing Figure 2. was examined. The results obtained with simple analytical and semi-empirical methods have been 
corroborated, in some validation computations, by those of more complex methods. The main findings of the design process 
and the subsequent analysis are summarized in the next statements. The medium size was flying wing configurations 
technically feasible and operationally efficient and could beat conventional airplanes of similar size. No infrastructure 
compatibility problems exist if the maximum span is kept below 80 m. The flying wing's main advantages are field and cruise 
performances, with take-off and landing field length values analogous to much smaller aircraft. The medium size flying wing 
is 10-20 percent more efficient as a transport vehicle than conventional airplanes, measured in terms of global transport 
productivity. The flying wing configuration may better exploit emerging technologies like LFC over a large fraction of the 
wetted area, composites and aeroelastic tailoring in primary structure, and ultra-high bypass ratio engines mounted over the 
wing.  The main drawbacks of the C-wing configuration are the uncommon wing architecture, which may imply manufacturing 
and maintenance problems, uncommon cabin arrangement, which may be negatively perceived by passengers, and increased 
passenger and cargo flight loads for increased distance to the airplane axis, with Table 1 as flow conations velocity to nearest 1 
m/s for the avoidance of error uncertainty   

 
Figure 1: Comparison between the two aircraft useful 300 seat case payload  passenger transporter 
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Figure 2: General overview of the computational domain 

2.3 Boundary Conditions 
The domain has 5 types of boundaries: the inlet, the outlet, the side walls, the aircraft model, and the symmetry wall. The 

air flows perpendicular to the inlet in a longitudinal direction parallel to the x-axis.  There is a no-slip condition on the side 
walls and the model. This accurately measures the friction flows exerted on the model by the airflow.  The computational 
domains’ boundaries are specified within ANSYS FLUENT; the boundary conditions are defined as follows: Inlet: The 
velocity at the inlet of the domain is set at 20m/s and increased for each subsequent simulation until the final simulation is 
performed at 232 m/s. Outlet:  The outlet pressure is set at 0 Pa. Side Walls: The 𝑀𝑀∞ is changed in accordance with the inlet 
velocity. At 232 m/s the 𝑀𝑀∞ is set at 0.785 for the side wall in the x-direction. Aircraft:  The airplane model is considered a 
wall, and the roughness is the default. Symmetry Wall: The boundary condition for this wall is set to symmetry. 

2.4 Description of Simulation Setup 
In this work, a commercial code Computational Fluid Dynamics (CFD), is employed to perform the simulation. Several 

steps are carried out to get the result. In the first step, the model is developed using CAD software. Then, the model is imported 
to the computational domain. The computational domain is divided into a mesh. In the computational domain, the boundary 
values are imposed. A grid must be generated before the definition of physical properties, and boundary conditions are made. 
The accuracy of CFD depends on the quality of the grid and the number of cells in the domain. Finally, the governing 
equations and boundary values are solved iteratively using the CFD commercial code. Table 2 shows the design features of the 
Boeing 777-800 aircraft that are analyzed within ANSYS FLUENT [12]. 

Table 2: Design Parameters of Boeing 777-800 model aircraft [12] 

 

2.5 Initial Properties 
The airflow over the aircraft is simulated within ANSYS at different velocities. The air speeds over the aircraft are 20m/s, 

50 m/s, 100 m/s, 175 m/s and 232 m/s, respectively. The transonic airflow speeds simulated within ANSYS FLUENT can be 
compared to the cruise speed of a conventional aircraft and enables a realistic assessment of the power needed for an airplane 
to fly. The airflow is directed parallel to the x-axis and in the opposite direction of the nose of the aeroplane. A flow is 
considered incompressible when the M_∞≤0.3, the higher air speeds (100 m/s, 175 m/s, 232 m/s) simulated within ANSYS 
FLUENT can be considered subsonic flow regimes. The flow problem is modeled as a subsonic compressible flow at cruise 
speed. Equation 3.7 shows the free stream Mach number (𝑀𝑀∞) at cruise speed. 

   𝑀𝑀∞ = 𝑝𝑝
𝑓𝑓

= 232
295

= 0.785 (7) 
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There are two different discrete solvers, the pressure-based solvers, and the density-based solver. Each of the solvers 
makes use of control-volume methods.  

2.6 Mesh Information 
Meanwhile, the mesh size is coarse, and poor accurate result is imminent since no mesh size could exceed 20millions the 

mesh size is kept constant. Finally, the mesh structure is refined to optimize the accuracy of the solution generated. 20 Inflation 
layers were added to capture the turbulent flows around the boundary region with a growth rate of 1.2, Figure 3. 

 
Figure 3: Mesh along the symmetry plane 

3. Results and Discussion 
Tables 3 and 4 show the mesh sizes for the analysis of the conventional aircraft and flying wing aircraft 

Table 3: Lift and drag of conventional aircraft at different mesh sizes 

 

Table 4: Lift and drag of flying wing aircraft at different mesh sizes 

 

The mesh was considered refined because the lift and drag values change approximately 18000N and 13000N across the 
two finest meshes within the specified tolerance of 10%. The difference between lift and drag values across the mesh size was 
around 1.39% and 1.30%, respectively.  Therefore, the finest mesh was chosen and used to perform all simulations. Figures 4 
and 5 show the independent mesh studies for both aircraft comparisons. It is evident from Figure 4 that in lift and drag of 
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conventional aircraft, lift increased as the node increased while the drag moved in the opposite direction to the movement of 
the lift. However, Figure 5 shows that in the Lift and drag of flying wing aircraft, the drag increased as the node increased, but 
the increase was not significant to counter the aircraft's thrust at cruise speed.  

The endurance in Tables 3 and 4 are. Table 3 has endurance. (0.19+0.17+0.15+0.14)/4 = 0.1625. Table  4 has endurance, 
(0.19+0.116+0.14+0.12)/4 = 0.1525. Then endurance Table 3 and 4 is 0.01, which is 1 error reduction in endurance  

 
Figure 4: Lift and drag of conventional aircraft 

 
Figure 5: Lift and drag of electric flying wing aircraft 

3.1 Pressure Contour 
From Figure 6, the aircraft is moved within the green region. This showed that the conventional aircraft was cruising with 

moderate pressure due to the effect of the high drag. In contracts, Figure 7 aircraft was seen at a high pressure distributed along 
the fuselage and wing, overcoming the drag. 

3.2 Velocity Contour  
The velocity contour in Figure 8 shows high drag affecting the streamlined movement of the aircraft. The direction of the 

arrow shows that the drag could not allow the aero plane to attend its cruise speed. However, the velocity contour in Figure 9 
shows how the thrust overcame the drag, and the aircraft movement was smooth. Again, the direction of the arrow shows that 
the thrust was not much affected by the less drag. 
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Figure 6: The pressure contours of conventional and Electric Aircraft 

 
Figure 7: The pressure contours of conventional and Electric Aircraft 

 
Figure 8: The velocity contours of conventional and Electric Aircraft 

 
Figure 9: The velocity  contours of conventional and Electric Aircraft 
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3.3 Power Requirements at Various Speeds 
Tables 5 and 6 show the lift and drag for conventional and flying wing aircraft. Figure 9 illustrates the discrepancy 

between the power requirements of the two aircraft at several velocities. However, in Figures 10 and 11, the lift and drag of the 
conventional increased geometrically while the lift and drag of the electric flying wing aircraft  (EFWA)  increase linearly as 
the airspeed increases, which is not good for the aircraft performance. The lift at the cruise speed of the conventional aircraft is 
approximately 20 times larger than the FWA. Correspondingly, this lift at Mach 0.068 cruise speed of conventional aircraft is 
approximately 20 times heavier than FEA. Invariably, FWA is 95.37% more aerodynamically efficient than convectional 
aircraft. 

Table 5: The lift and drag of the Boeing 737-800/900 at different velocities 

 

Table 6: The lift and drag of FWA at different velocities 

 

 
Figure 10: The lift and drag  of conventional and Electric Aircraft 
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Figure 11: The lift and drag  of conventional and Electric Aircraft 

4. Conclusions  
The assessment of powering turbofan propulsion passenger aircraft with electricity using computational fluid dynamics 

showed that less energy is used for a flying wing to fly at cruise speed than a conventional tube-and-wing aircraft. If less 
energy is used during the flight, less carbon emission would be emitted. The lift forces acting on the conventional aircraft and 
flying wing at cruise speed are 269,110 N and 10681 N, respectively. And the drag forces acting on the conventional aircraft 
and FWA at cruise speed are -260,940N and -7679N, respectively. A more realistic figure would be around -90,000N or the 
drag force acting on the flying wing. Either way, the indication is that the flying wing aircraft is more preferred than 
aerodynamic aircraft and uses less energy than the other aircraft when at cruise speed. Lastly, the more electric aircraft 
approach has allowed, the older power subsystems to be replaced by electrical systems within modern aircrafts such as the 
Boeing 777 and Airbus 380, which has increased fuel efficiency. All-electric aircraft greatly reduce fuel burn and emit no 
hazardous emissions. In electric configurations discussed within this thesis, the partial turboelectric configuration stands out as 
the best choice of a propulsion system for commercial aviation. The result of the lift power requirement obtained in this thesis 
should be a prerequisite for battery companies to develop FWA batteries 

5. Further Works  
 Further assessments of different airframe configurations should be conducted so that the relative merits of 

each configuration can be ascertained. Finally, concepts like the Flying V, Strut Braced Wing, and the 
Cargo BWB should be developed and tested. 

 Many system studies have already been conducted concerning aircraft configurations and technology, but 
more studies need to comprehensively understand each concept's economic and environmental benefits. 

 Airlines should lobby governments for more funding so that research and development of existing 
concepts can occur and the carbon reduction goals can be achieved. 

 The  aircraft lift and drag coefficients variation with the free stream velocity at variable aircraft angle of 
attack for zero wings incidence angle is recommended for further works  

 The CFD analysis on models rather than full-scale prototypes with the consideration of similarity 
requirements ought to be carried out  
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