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Abstract 

This study examines various fuselage parameters that was predicted to have a significant effect on rotorcraft 

fuselage drag in a design space generated by statistical engineering tools. The paper begins with a discussion 

about boundaries and aims of the conceptual design phase. It then explains the level of detail of the work and 

the reasons for working at this level of detail. Finally, the aerodynamic and statistical analysis of the design 

space is presented. At the end of the study, the reader is presented with graphs which were obtained from an 

empirical equation to show how each parameter changes the helicopter fuselage and what changes can be 

made. 

1. NOTATION 

Symbols  

𝛽 Upsweep angle, deg 

Acronyms:  

ANN Artificial Neural Networks 
CAD Computer-Aided Design 
CCD Central Composite Design 
CCP Cabin Conic Parameter 

CFD Computational Fluid Dynamics 

CLn Nondimensionalized Cabin Length 
CWn Nondimensionalized Cabin Width 
DoE Design of Experiments 
FFD Full Factorial Design 

FPDA Flat Plate Drag Area 
GCR Glass Corner Radius 
GCRn Nondimensionalized GCR 
GENN Gradient Enhanced Neural Networks 
HPC High-Performance Computing 
NLn Nondimensionalized Nose Length 
QP Quadratic Programming 
RSM Response Surface Methodology 
SMT Surrogate Modelling Toolbox 
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2. INTRODUCTION 

The conceptual design phase creates roadmaps for 

all aspects of the project/design, including key deci-

sions, research, and evaluation. To explore new 

ideas, discover applicable technologies, and analyse 

capabilities that may mature into the launch of a new 

project; many companies that design unique products 

for their users use an exploratory research activity in 

the conceptual design phase (Ref. 1). Exploratory re-

search with the right steps provides organizations 

with a wide range of forecasts from the beginning of 

the project (Ref. 2). These forecasts provide some of 

the parameters that are crucial from day one in the 

design and manufacture of the rotorcraft, such as an 

accurate estimate of the committed cost (Ref. 3), pre-

liminary weight, specific fuel consumption and early 

estimates of drag characteristics. 

The main purpose of accurately estimating the ro-

torcraft performance characteristics, such as drag, is 

to know the power to be expended and therefore the 

amount of fuel to be expended to obtain that power. 

The importance of reducing the power required by the 

rotorcraft is becoming increasingly apparent with the 

mailto:fatih.yilmaz4@tai.com.tr
mailto:abdullahenes.coskun@tai.com.tr
mailto:hasan.ibacoglu@tai.com.tr
mailto:muammer.kilcik@tai.com.tr
mailto:tolga.kayabasi@tai.com.tr


new generation of high-speed rotorcraft and the en-

ergy consumption required by new rotorcraft designs. 

Stepniewski (Ref. 4), discussed that the per capita 

energy consumption of current rotorcraft configura-

tions is generally higher than that of other short-dis-

tance transport options. According to Keys & Wiesner 

(Ref. 5), the greatest reduction in power is achieved 

by reducing parasite drag, which accounts for more 

than 40% of the total power required. 

To carry out an exploratory study on a rotorcraft, it is 

very important to be able to set the fidelity correctly. 

To estimate the drag value of the rotorcraft correctly, 

the parameters to be studied must satisfy all the nec-

essary and sufficient conditions, but each additional 

parameter increases the computational cost signifi-

cantly. Therefore, there must be a certain number of 

cases that should be sufficient to understand the drag 

characteristics and should not overburden the com-

putational capabilities in terms of cost. In more rigor-

ous studies, the number of parameters or the number 

of values taken in the parameters may increase to get 

further accuracy. In this paper, the estimation calcu-

lations were conducted following Full Factorial Design 

(FFD) as it is commonly used in Response Surface 

Methodology (RSM) (Ref. 6). 

The study aims to provide the fuselage drag output of 

the rotorcraft with an acceptable accuracy at the re-

quirements identification stages. The iterative steps 

to achieve this output are explained in the following 

sections, respectively. Section 3 describes which pa-

rameters are determined in design space generation 

and the value ranges of these parameters. Section 4 

focuses on the Computational Fluid Dynamics (CFD) 

perspective, where the analyses are performed under 

which conditions and with which turbulence models. 

Section 5 focuses on the statistical point of view, first 

defining and explaining the model in which the design 

space is created, and then explaining the analysis re-

sults obtained. Section 6 is the results section. Con-

cluding remarks on the study and future studies are 

discussed in Section 7. 

3. DESIGN SPACE GENERATION 

Keys & Wiesner discussed the component-based 

drag breakdown. The main rotor hub, landing gear, 

and basic fuselage geometry are responsible for 

more than 60% of the drag produced. This paper fo-

cuses only on basic fuselage drag levels and how to 

reduce them. Certain fuselage properties were se-

lected to observe the change in drag characteristics. 

3.1. Selected Fuselage Properties 

Even very small changes that can be made to the ro-

torcraft will affect its drag characteristics. Recognizing 

this, studies were carried out to find the fuselage 

properties that affect the drag characteristics. A 

standard rotorcraft was analysed in three sections. 

3.1.1.  Cabin Section 

Three parameters have been chosen for this section. 

These are Cabin Conic Parameter (CCP) (Figure 1), 

cabin width (Figure 2), and cabin length (Figure 3) 

CCP is a parameter that is inherently defined in the 

CATIA V5 (Ref. 7) software's wireframe tools. It de-

fines the curvature of the curve that connects the top 

of the cabin to the side reference line of the cabin from 

the front view of the fuselage. 

 

Figure 1: CCP comparison between extrema values 
 

 

Figure 2: Cabin width comparison between extrema 
values 

 

Figure 3: Cabin length comparison between extrema 
values 

3.1.2.  Nose & Cockpit Section 

Considering the fact that the design of the nose and 

cockpit section is mostly shaped concerning certain 

factors such as pilot ergonomics and placements of 

communication systems; the aerodynamic design of 



that section might be overlooked. The reason is 

mostly the fact that these factors are given higher pri-

ority than aerodynamics due to their critical impact on 

the functionality, safety, and operational require-

ments of the rotorcraft. However, carrying out the 

sensitivity analyses (see Section 5) and reviewing the 

recommendations of Keys & Wiesner, it was decided 

to have two parameters in this fuselage section. 

These parameters are the cabin corner radius (Figure 

4) and the nose length (Figure 5). Nose length to nose 

height ratio is kept at 1 in all cases.  

 

Figure 4: GCR comparison between extrema values 

 

Figure 5: Nose length comparison between extrema 
values 

3.1.3.  Aft Section 

The aft section of a rotorcraft plays a critical role in 

stability, control, and overall aerodynamic perfor-

mance. The design of the aft section involves a trade-

off between several factors, including drag reduction, 

stability, control effectiveness, and structural integrity. 

Depending on the mission profile of the helicopter to 

be designed, the inclusion or exclusion of a ramp 

plays an important role in the design of the aft section. 

One parameter of the aft section is included in the 

study. This parameter has been defined as the angle 

between the bottom line of the cabin and the tail boom 

inclination line from the side view of the fuselage. It is 

called the upsweep angle (β) (Figure 6). In the forth-

coming plans of this study, when the tail and tail rotor 

are included in the model, it is expected that more pa-

rameters from the aft section will have a role in the 

determination of the drag characteristics. 

 

Figure 6: β comparison between extrema values 

3.2. Component Value Determination 

While evaluating parametric variables, it was found 

appropriate to use dimensionless variables for the 

current design problem. Non-dimensional variables 

reduce the number of variables used to describe a 

system and therefore reduce the requirements for 

recreating that system. Therefore, a parameter from 

the geometric model was chosen for the non-dimen-

sionalization of the parameters described above. This 

non-dimensionalization parameter is identical in all 

models. In this paper, this parameter was determined 

as the height of the fuselage and was set at 1800 mm 

(=5.9 ft). 

For this study, it was planned to choose 3 values for 

each of the 6 parameters. To determine the values of 

the parameters, present rotorcrafts in similar class 

were looked through. After determining the upper and 

lower limits, another value was chosen in the middle 

of these two extrema. The selected parameters and 

their values are shown in Table 1. The values in the 

table represent the non-dimensionalized values with 

the predetermined reference value.  



Table 1: Selected parameters and examined values 

Parame-

ters 

Min 

Value 

Median Value Max 

Value 

Cabin 

Width 
0.75 1.0 1.25 

Up-

sweep 

Angle 

15 32.5 50 

CCP 0.6 0.7 0.8 

Cabin 

length 1.0 2.0 3.0 

Nose 

length 0.3 0.42 0.56 

GCR 0.05 0.15 0.25 

 

3.3. Parametric Fuselage Model 

To study the aerodynamic performance of a basic fu-

selage, a parametric Computer-Aided Design (CAD) 

model was created in CATIA V5. The design of a new 

fuselage from the sketch, rather than using an exist-

ing fuselage, allows all selected parameters to be 

changed independently on the rotorcraft fuselage. 

Therefore, the change in aerodynamic performance 

can be studied both separately and simultaneously as 

a function of the geometric parameters.  

4. AERODYNAMIC ANALYSIS METHODS 

In this section, the determination of aerodynamic 

tools, turbulence models, and their near-wall applica-

tions are explained.  

4.1. Determination of Aerodynamic Tool 

Aerodynamic analysis tools have different levels of fi-

delity, i.e. the degree of accuracy and detail in the 

simulation of airflow around objects. In conventional 

studies, high levels of fidelity in computation may not 

be required at the conceptual design phase. How-

ever, the cost of computing for this study only, was a 

less important variable due to the capacity of the high-

performance computing (HPC) systems. In this con-

text, it was decided to use CFD methods because of 

the desire to understand the characteristics more ac-

curately. Star-CCM+ (Ref. 8) was preferred as both 

the mesh generation software and the solver. 

 

 

4.2. Determination of Turbulence Model 

After agreeing on CFD, studies were started on which 

turbulence model to work on. The search for a heli-

copter fuselage to compare and a paper analysing 

this fuselage was started, both to validate the sys-

tems and to investigate the accuracy of the turbu-

lence models. The validation started with the verifica-

tion of the aerodynamic model on the ROBIN fuse-

lage provided by NASA for academic purposes (Ref. 

9). Acikgoz's study was selected for comparison (Ref. 

10) since it shares drag coefficient values for different 

solution methods. Since the fidelity required for aero-

dynamic analyses at the conceptual design stage is 

relatively low compared to later design stages, the 

feasibility of performing the analyses at one of the 

lowest fidelities was investigated. In this context, the 

Spalart-Allmaras (S-A) (Ref. 13) turbulence model 

was tested for validation on the 3.15 m (10,335 ft) 

ROBIN fuselage. The comparison results are shown 

in Table 2. As can be seen in Table 2, it was observed 

that the absolute error values mostly decreased up to 

a point and started to fluctuate around 2-3.5%. For 

this reason, it was decided that approximately 2 mil-

lion meshes would be sufficient for the studies. 

4.3. Near-Wall Applications 

The boundary layer performance of a turbulence 

model refers to its ability to accurately capture the be-

haviour of the turbulent boundary layer near the wall, 

which is effective for phenomena such as separation, 

reattachment, and transition. This calculation is per-

formed with a dimensionless coefficient called y+ and 

the value of y+ can be chosen more flexibly for the 

Spalart-Allmaras turbulence model than for the k-ep-

silon and k-omega models. In this context, y+ = 30 

was chosen for the analyses and the first layer length 

of the boundary layer was derived from this value.  



Table 2: Comparison of solutions for accuracy 

Mesh 

count  

(mil-

lions) 

Acikgoz 

(Ref. 10) 

S-A  

Solution 

Absolute % 

Error 

0.4 0.006978 0.006147 11.915399 

0.5 0.006978 0.006121 12.279654 

0.7 0.006978 0.006114 12.382811 

0.9 0.006978 0.006181 11.420074 

1.0 0.006978 0.006361 8.844974 

1.2 0.006978 0.006543 6.234594 

1.7 0.006978 0.006789 2.709151 

2.6 0.006978 0.006962 0.232638 

3.0 0.006978 0.007092 1.638213 

3.7 0.006978 0.007150 2.465743 

4.8 0.006978 0.007208 3.300012 

6.2 0.006978 0.007191 3.054778 

8.1 0.006978 0.007167 2.702861 

9.6 0.006978 0.007154 2.524058 

13.0 0.006978 0.007145 2.393546 

 

5. STATISTICAL APPROACH 

Accurate estimation of helicopter fuselage drag is es-

sential for optimizing rotorcraft design and perfor-

mance. CFD analysis, combined with statistical meth-

ods, provides a powerful approach to predicting and 

understanding the aerodynamic characteristics of the 

fuselage. This section presents the application of 

RSM, for helicopter fuselage drag estimation based 

on CFD data. It also discusses the use of Design of 

Experiments (DoE) techniques, specifically Central 

Composite Design (CCD) and FFD, and the decision 

to move from CCD to FFD when the expected results 

were not obtained. 

5.1. Response Surface Methodology 

Response Surface Methodology (RSM) is a robust 

statistical approach employed to model and optimize 

intricate systems characterized by multiple variables. 

The primary objective of RSM is to establish a math-

ematical relationship between the input variables, 

also known as factors, and the response variable, 

which in the context of this study is helicopter fuse-

lage drag. By employing a series of strategically de-

signed experiments, RSM efficiently explores the 

multidimensional design space and constructs a re-

sponse surface. This response surface is a fitted 

mathematical model that captures the underlying re-

lationships between the input variables and the re-

sponse (Ref. 12). 

The application of RSM for helicopter fuselage drag 

estimation involves the careful selection of a set of 

experimental design points, each representing a dis-

tinct combination of design variables such as β, CCP, 

and non-dimensionalized versions of cabin length, 

nose length, glass corner radius (GCR) and cabin 

width. CFD simulations are then performed on these 

design points to obtain corresponding fuselage drag 

values, which serve as the response variable data re-

quired for the RSM analysis. 

In this study, the JMP software (Ref. 13) was utilized 

to conduct a robust analysis by fitting the RSM model 

using the multiple regressions through the widely rec-

ognized Least Squares (LS) method. The primary ob-

jective of the RSM was to establish a comprehensive 

mathematical representation in the form of a second-

degree polynomial that captures the complex relation-

ship between fuselage geometry and helicopter fuse-

lage drag. This regression model effectively captures 

the behaviour of the response surface and facilitates 

the estimation of fuselage drag at any unexplored 

combination of design variables within the investi-

gated range. 

5.2. Design of Experiments 

Due to the substantial computational costs entailed in 

conducting CFD analysis, the optimization of simula-

tion efficiency while preserving result accuracy 

emerged as a primary concern in this study. To effec-

tively address this challenge, the Orthogonal Central 

Composite Design (OCCD) method readily available 

in JMP software was used. Orthogonal CCD, also 

known as the Box-Wilson design, was used to strate-

gically minimize the number of simulations while en-

suring the construction of a robust RSM (Ref. 14). 

The Orthogonal CCD method adeptly explores the 

design space by furnishing 53 distinct combinations 

of the design factors, chosen to represent a compre-

hensive and well-balanced experimental design. This 

unique combination of factorial points, center points, 

and star points facilitated the achievement of an opti-

mized and statistically sound data collection frame-

work. 

Upon thorough analysis of the acquired data and the 

subsequent development of the Response Surface 



Model, we were met with an impressive R-squared 

value of 0.99. This remarkable coefficient signifies 

that the Response Surface Model adeptly captures 

the inherent variability in the response variable, 

which, in our investigation, constitutes the helicopter 

fuselage drag. However, when the results of the CCD 

were examined, it was observed that the changes in 

the parameters could not be fully captured. Compari-

son of CCD and FFD with actual CFD values are 

given in Figure 7, Figure 8, and Figure 9.  

 

Figure 7: Change trends of drag force with change of 
one parameter, GCR. 

 

Figure 8: Change trends of drag force with change of 
one parameter, GCR, and its estimation with CCD. 

 

Figure 9: Change trends of drag force with change of 
one parameter, GCR, and its estimation with FFD. 

In Figure 7, there is a monotonously decrease in the 

fashion of FPDA with respect to corner radius/cabin 

width. This result was obtained via CFD analyses. In 

Figure 8, the prediction profile of FPDA with respect 

to corner radius/cabin height using orthogonal CCD 

method can be seen. The grey zones indicate confi-

dence intervals that are dependent on the factor. This 

dependency becomes relatively large that the monot-

onous fashion which was expected according to CFD 

results may be hindered. There are possibilities to 

gather invalid predictions, like an increasing or con-

stant fashion. Consequently, CCD method was found 

to be insufficient. In Figure 9, the same prediction pro-

file of Figure 8 using FFD method can be observed. It 

is apparent that the confidence intervals are more 

consistent than that of CCD results. Furthermore, it 

can also be observed that the expected fashion of 

FPDA can be obtained. It should be noted that se-

lected points for analyses are slightly different be-

tween Figure 7 and that of Figure 8 and Figure 9. 

Moreover, the non-dimensionalization of corner ra-

dius in the horizontal axis of Figure 7 is defined with 

respect to cabin width, while that of Figure 8 and 

Figure 9 are defined with respect to cabin height. This 

difference only affects numerical values; they do not 

have an impact on the fashion that was the focus of 

this comparison. After detecting the insufficiency of 

CCD, FFD was applied.  

Within the scope of FFD, 729 total geometric cases 

were prepared for 3 different values of 6 parameters. 

These geometric cases have been solved with 



Spalart-Allmaras turbulence model. The next section 

presents the results of foretold applications. 

6. RESULTS 

6.1. Prediction Profiler Plots 

Prediction profiler plots display the outputs (values on 

the Y-axis) for each input (values on the X-axis) and 

plot profile traces. A profile trace is the predicted re-

sponse when one variable is changed while the other 

variables are held constant at their current values. 

Prediction profiler plots are one of the ways to ob-

serve the change in one variable at a time and ob-

serving the effect on the predicted response (Ref 15). 

Prediction profile plots for the 6 foretold parameters 

are given from Figure 10 to Figure 15. 

 

Figure 10: Prediction profile of non-dimensionalized 
cabin length parameter. 

 

Figure 11: Prediction profile of non-dimensionalized 
cabin width parameter. 

 

 

Figure 12: Prediction profile of non-dimensionalized 
nose length parameter. 

 

Figure 13: Prediction profile of β parameter. 

 

Figure 14: Prediction profile of non-dimensionalized 
GCR parameter. 



 

Figure 15: Prediction profile of CCP. 

6.2. Actual by Predicted Plot  

Drag changes due to β, CCP and non-dimensionial-

ized versions of cabin length, nose length, GCR and 

cabin width are given. After conducting the CFD anal-

yses (see Section 4) and statistical operations (see 

Section 5), one prediction formula was obtained in or-

der to represent the combinational effect of the pa-

rameters on total Flat Plate Drag Area (FPDA) of the 

basic fuselage. Reference area for the FPDA calcula-

tion was chosen as the frontal area. In addition to the 

prediction formula, statistical accuracy and quality of 

the estimation are also obtained accordingly.  

The comparison of the predicted versus actual values 

can be seen in Figure 16. Average absolute percent 

error between actual values and prediction of all 

cases is calculated as 1.93% (𝑅2: 0.98,  

p < 0.01). 

6.3. Prediction Equation  

The prediction equation used to obtain the plot given 

in Figure 16 is given in Equation (1). Since the equa-

tion operates within a range restricted by strict bound-

aries, the constants in the equation are formed by 

named constants ranging from 1 to 28. The values 

entered into the subtraction process with the dimen-

sionless parameters represent the median values of 

the determined parameters.  

 

Figure 16: Actual by predicted plot of FPDA values. 



(1) 

𝑭𝑷𝑫𝑨 = 𝐶1 + 𝐶2  ×  𝐶𝐿𝑛 +  𝐶3  ×  𝐶𝑊𝑛 +
𝐶4  ×  𝑁𝐿𝑛 + 𝐶5  ×  𝛽 +  𝐶6  ×  𝐺𝐶𝑅𝑛 + 𝐶7  ×

 𝐶𝐶𝑃 +  (𝐶𝐿𝑛 −  2) × ((𝐶𝐿𝑛 −  2) × 𝐶8) +

 (𝐶𝐿𝑛 −  2) ×  ((𝐶𝑊𝑛 −  1) ×  𝐶9) +

 (𝐶𝑊𝑛 −  1) ×  ((𝐶𝑊𝑛 −  1) ×  𝐶10) +

 (𝐶𝐿𝑛 −  2) ×  ((𝑁𝐿𝑛 −  0.42) ×  𝐶11) +

 (𝐶𝑊𝑛 −  1) ×  ((𝑁𝐿𝑛 −  0.42) ×  𝐶12) +

 ( 𝑁𝐿𝑛 −  0.42) ×  ((𝑁𝐿𝑛 −  0.42) ×  𝐶13) +

 (𝐶𝐿𝑛 −  2) ×  ((𝛽 −  32.5) × 𝐶14) +

 (𝐶𝑊𝑛 −  1) ×  ((𝛽 −  32.5) ×  𝐶15) +

 (𝑁𝐿𝑛 −  0.42) ×  ((𝛽 −  32.5) ×  −𝐶16) +

 (𝛽 −  32.5) × ((𝛽 −  32.5) × 𝐶17) +

 (𝐶𝐿𝑛 −  2) ×  ((𝐺𝐶𝑅𝑛 −  0.15) ×  𝐶18) +

 (𝐶𝑊𝑛 −  1) ×  ((𝐺𝐶𝑅𝑛 −  0.15) ×  𝐶19) +

 (𝑁𝐿𝑛 −  0.42) ×  ((𝐺𝐶𝑅𝑛 −  0.15) ×  𝐶20) +

 (𝛽 −  32.5) × ((𝐺𝐶𝑅𝑛 −  0.15) ×  𝐶21) +

 (𝐺𝐶𝑅𝑛 −  0.15) ×  ((𝐺𝐶𝑅𝑛 −  0.15) ×

 𝐶22) +  (𝐶𝐿𝑛 −  2) ×  ((𝐶𝐶𝑃 −  0.7) ×

 𝐶23) +  (𝐶𝑊𝑛 −  1) ×  ((𝐶𝐶𝑃 −  0.7) ×

 𝐶24) +  (𝑁𝐿𝑛 −  0.42) ×  ((𝐶𝐶𝑃 −  0.7) ×

 −𝐶25) +  (𝛽 −  32.5) ×  ((𝐶𝐶𝑃 −  0.7) ×

 𝐶26) +  (𝐺𝐶𝑅𝑛 −  0.15) ×  ((𝐶𝐶𝑃 − 0.7) ×

 𝐶27) +  (𝐶𝐶𝑃 −  0.7) ×  ((𝐶𝐶𝑃 −  0.7) ×

 𝐶28)  

7.  CONCLUSION 

This paper started with a discussion about the con-

ceptual design phase in terms of fidelity of computa-

tional studies. Parameter determination of a basic fu-

selage and their value selection was told. The aero-

dynamic and statistical point of view to this subject 

was explained. Observing the prediction formula and 

its comparison plot with actual values, following re-

marks can be emphasized:  

1. As a turbulence model, Spalart-Allmaras turbu-

lence model and full factorial design and re-

sponse surface prediction technique as a statisti-

cal estimation tool were found as sufficient tools 

to understand and to estimate basic fuselage 

drag characteristics for a low-fidelity study within 

conceptual design considerations.  The effects of 

upsweep angle, cabin conic parameter and non-

dimensionialized versions of cabin length, nose 

length, cabin width and glass corner radius with 

respect to cabin height on drag value of a basic 

fuselage can be estimated via response surface 

methodology (p < 0.01) within certain limits.  

2. It has been investigated how the drag character-

istics change as a result of the variation of 6 pa-

rameters determined for study when the other pa-

rameters are held constant. Accordingly, it has 

been shown that, within the specified limits, the 

FPDA value increases slightly as the non-dimen-

sionalized cabin length and cabin conic parame-

ter values increase, the FPDA value increases 

significantly as the non-dimensionalized cabin 

width and beta values increase, the FPDA values 

decrease monotonically as the non-dimensional-

ized glass corner radius value increases, and the 

change in the non-dimensionalized nose length 

value does not cause a significant change in the 

FPDA values. 

7.1. Limitations and Future Work 

Given plot and obtained equation are valid only in 

given limits presented in Table 1. In order to get a for-

mula which may have a wider explanation about basic 

fuselage, a future study can be conducted with more 

para meters and wider ranges. Generation of the 

CAD model is an important stage in such a study due 

to its potential effects on the drag calculations since 

some deviations and perturbations on the geometry 

may evoke flow regimes out-of-interest. 

Building upon the foundation established through the 

RSM, this study will extend its scope to encompass a 

comprehensive comparison with a diverse array of 

advanced statistical techniques. These methods in-

clude Kriging, Gradient Enhanced Neural Networks 

(GENN), Quadratic Programming (QP), Artificial Neu-

ral Networks (ANN), etc. The Python Surrogate Mod-

elling Toolbox (SMT) (Ref. 16), known for its ability to 

develop accurate surrogate models, is used to 

streamline the analysis. By synergizing the capabili-

ties of SMT and Scikit-learn (Ref. 17) tools, the re-

search effort aims to speed up the evaluation pro-

cess, optimize the selection of design factors and ul-

timately facilitate the identification of optimal design 

configurations. The objective of this comparison is to 

evaluate the predictive capabilities, robustness, and 

computational efficiency of each approach in estimat-

ing fuselage drag, similar to the methodology under-

taken in (Ref. 18). By utilizing machine learning, the 

research effort aims to expedite the assessment pro-

cess, enhance accuracy, and potentially uncover in-

tricate relationships within the dataset that may re-

main hidden through traditional methodologies. 
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