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ABSTRACT 

Nowadays, optimization methods have been considered as a practical tool to 

improve the performance of turbo-machines. For this purpose, the numerical 

study of the aerodynamic flow of the NASA Rotor-67 axial compressor has been 

investigated, and the results of this three-dimensional simulation show good 

agreement with experimental data. Then, the blade stacking line is changed using 

lean and sweep for Rotor-67 to improve the compressor performance. The third-

order polynomial is selected to generate the lean and sweep changes from the 

hub to the shroud. The compressor flow field is solved by a Reynolds averaged 

Navier-Stokes solver. The genetic algorithm, coupled with the artificial neural 

networks, is implemented to find the optimum values for blade lean and sweep. 

Considering the three objective functions of pressure ratio, mass flow rate, and 

isentropic efficiency, the optimized rotor is obtained using the optimization 

algorithm. Two geometries are obtained using the optimization algorithm. The 

results of the optimized compressor include improving the isentropic efficiency, 

pressure ratio, and mass flow equal to 0.57%, 0.93%, and 1.8%, respectively. 

After compressor optimization, the effect of the changes in the compressor 

performance parameters is studied on a single spool turbojet engine. The engine 

is modeled by analyzing the Brayton thermodynamic cycle of the assumed 

turbojet engine under design point operating conditions. Results show that for 

the best test case, the engine with the optimized rotor, the thrust, and SFC are 

improved by 1.86% and 0.21%, respectively. 
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1. INTRODUCTION 

 The axial compressor is one of the most important 

components of gas turbine engines. The performance 

enhancement of the compressors can directly improve 

engine performance. Recently, computational fluid 

dynamics (CFD) has been one of the essential tools used 

by researchers to improve the performance of turbo-

machineries. To achieve this purpose, optimization 

methods are utilized coupled with computational fluid 

dynamics to solve the flow field of the turbo-machines. 

Reducing the number of costly and time-consuming 

experiments and obtaining details of flow behavior in the 

turbo-machines are the most important benefits of the 

optimization methods. Some objectives of optimization 

methods in turbo-machinery problems are reducing 

weight, increasing total pressure ratio, and isentropic 

efficiency.  

Several researchers have developed methods to improve 

the performance of axial compressors (Hah & 

Wennerstrom, 1990; Jang, et al. 2005; Benini & Biollo, 

2006; Razavi & Boroomand, 2014; Wang et al. 2021; 

Yu, et al. 2022; Lu et al. 2023). Furthermore, the effects 

of sweep on the axial compressor (NASA Rotor-37) 

which had a grooved casing were numerically simulated 

by Goswami & Govardhan (2019) with the aim of 

improving the stall margin. 

 The effects of lean and sweep blades on the 

performance of NASA Rotor-37 and Rotor-67 have been 

studied by Denton & Xu (2002). These aerodynamic 

effects have been investigated to improve the 

performance of the fan shock wave profile. Increasing 

the stall margin and increasing the operating range at 

maximum efficiency for downstream sweep profiles are 

the results of this study. 
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NOMENCLATURE 

a, b, c, d Coefficients of a third-order polynomial  D Design 

ANN Artificial Neural Network  in Inlet 

k The ratio of specific heats  is Isentropic 

𝑚̇ Mass flow rate [kg/s]  out Outlet 

Obj Objective function  η Isentropic Efficiency 

PR Pressure ratio  δ Displacement 

s Span normalized    
 

Benini performed a three-dimensional multi-objective 

optimization on the NASA Rotor-37, a transonic rotor, 

with the aim of achieving maximum isentropic efficiency 

and maximum pressure ratio under the constraint of mass 

flow rate (Benini, 2004). The results showed that the 

optimal geometry provided a 1.5% improvement in 

isentropic efficiency and indicated the optimal sweep 

angle for rotor rotation. 

 Oyama et al developed a high-precision code for 

optimal design and optimization of turbomachinery to 

enhance the performance of NASA Transonic Rotor 67 

(Oyama et al. 2004). The results showed a significant 

improvement in the pressure ratio, isentropic efficiency, 

and choked mass flow rate, by 0.6%, 1.78%, and 0.46%, 

respectively. 

 A three-dimensional optimization based on the 

change of the stacking line using computational fluid 

dynamics simulation was performed by Samad and Kim 

(2008), resulting in an improvement of 0.51% for 

efficiency and 1.25% for pressure ratio. 

 Wang used the coupled of Multi-objective genetic 

algorithms and approximation models to improve the 

performance of NASA Rotor-37 (Wang et al. 2011) and 

the results include 1.0% enhancement in pressure ratio, 

1.1% efficiency and -0.04% for choked mass flow rate. 

 Another study was conducted on the optimization of 

the effects of lean and sweep on the performance 

improvement of NASA Rotor-37 by Huang et al. (2019). 

Computational fluid dynamics simulation was used to 

simulate the aerodynamic field of the blade which 

stacking line has changed using C and S curves and 

resulting in an increase in the isentropic efficiency at the 

design point with a mass flow rate constraint. The peak 

efficiency was increased 1.1%, peak total pressure ratio 

increased 1.6% and the absolute value of stall margin 

increased 2% compared to Rotor-37. 

 Optimization research has been performed on a 

single-stage axial compressor with lean and sweep blade 

effects by Wang et al to improve the isentropic efficiency 

and stall margin (Wang et al. 2020). In this research, a 

three-dimensional numerical simulation of the 

compressor is performed, and then the genetic algorithm 

and neural network coupling are performed to improve 

the compressor performance at three design points, close 

to the stall and chock regime. 

 A study was conducted to investigate the effects of 

using lean on controlling flow separation on the blade 

surface and improving the performance of 

turbomachinery by Cao et al . (2021). So, the positive and 

negative effects of lean on a transonic rotor were 

numerically analyzed. The results showed that the 

optimization of lean could lead to maximum isentropic 

efficiency and a suitable range of flexibility for 

performance improvement. 

 A study conducted by Wang et al investigated the 

effects of using lean sweep and end bend to improve the 

aerodynamic performance of NASA's transonic Rotor-37 

(Wang et al. 2022). In an optimization process using 

coupled numerical analysis with Shapley Additive 

Explanations (SHAP), the sensitivity effects of design 

variables on geometry were evaluated. The results of the 

study showed that the tip sweep had the greatest impact 

on isentropic efficiency. 

 As mentioned, three-dimensional optimization of the 

compressor with the aim of lean and sweep has been 

proposed by many researchers. In this paper, the Genetic 

algorithm coupled with an Artificial Neural Network is 

used to optimize NASA Rotor-67. The three-dimensional 

performance of the compressor is investigated using a 

three-dimensional Reynolds-average Navier-Stokes flow 

solver. 

 Using a third order polynomial equation with 

coefficients in a curve provides greater flexibility in 

modifying the stacking-line, leading to optimal 3D blade 

designs. This method is applied simultaneously to both 

the lean and sweep of the blade. Although it may 

increase the number of design variables and complexity 

of the problem, successful solutions have been achieved 

for 3D optimization. Additionally, incorporating 

geometric constraints at the root of the blade to eliminate 

stress concentration has led to valid solutions for optimal 

3D aerodynamic geometries. 

 Then, the results of this optimization compared to 

other studies, the thermodynamic cycle analysis has been 

evaluated after numerical simulation. So, the effect of 

compressor optimization is studied on a single spool 

turbojet engine at on-design condition. To do so, Rotor-

67 is considered as the first stage of the axial compressor 

of the engine, and the engine thrust and SFC are 

investigated, respectively. 

2. CFD SIMULATION OF NASA ROTOR-67 

 In this paper, NASA rotor-67, an axial-flow rotor, is 

used as the test case for blade shape optimization. It is 

the first stage rotor of a two-stage fan and is designed as 

a low-aspect-ratio transonic rotor with 22 blades. The 

meridional and three-dimensional views of the 

measurement stations are shown in Fig. 1. Stations 1 and 

2 (upstream and downstream of the rotor, respectively)  
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Fig. 1 NASA Rotor-67 at three-dimensional 

(Top) and meridional views (Bottom) (Strazisar et al. 

1989) 

 
Table 1 NASA Rotor-67 design point 

specifications. 

Pressure Ratio 1.632 

Efficiency 0.919 

Mass Flow Rate [kg/s] 33.794 

Rotational Speed [rpm] 16043 

Inlet hub-tip ratio 0.375 

Inlet tip relative Mach number 1.38 

Tip solidity 1.29 

Rotor aspect ratio 1.56 

Number of blades 22 

 
are used to measure the overall performance of the rotor 

(Strazisar et al.1989). 

 The rotor design pressure ratio is 1.63 at the 

atmospheric condition (1 [atm] and 288.15 [K]). The 

design rotational speed is 16 043 [rpm], which yields a 

tip speed of 429 [m/sec] and a relative Mach number of 

1.38 at the inlet tip. The aspect ratio of the rotor based on 

average span/root axial chord is 1.56. The solidity of 

rotor varies from 3.11 at the hub to 1.29 at the tip. The 

inlet and exit tip diameters are 51.4 and 48.5 [cm], and 

the inlet and exit hub/tip radius ratios are 0.375 and 

0.478, respectively. The tip clearance is approximately 

1.0 [mm] (Strazisar et al. 1989). The detailed 

specifications of the axial compressor are  

 
Fig. 2 The medium structured Grids for NASA 

Rotor-67 

 

summarized in Table 1. More details about the Rotor-67 

flow field data can be found at (Strazisar et al. 1989). 

 The values presented in the table are used as the 

operating conditions in this research and as the reference 

values for comparing the optimum performance. 

 A three-dimensional finite volume solver has been 

used to simulate the aerodynamic flow field of axial 

compressor. The equations are solved using a pressure-

based method. The viscous effects are considered using 

Reynolds-average Navier-Stokes code (RANS) based on 

the SST turbulence model. 

 A composite grid system with structured H-, C-, and 

O-type grids is adopted to represent the complicated 

configuration of the axial compressor. Figure 2 shows the 

computational blocks and grids. 

 A three-dimensional Reynolds-average Navier-Stokes 

code (RANS) based on the SST turbulence model 

(Menter et al. 2003) is used to solve the compressor flow 

field. To reduce the computational cost, one blade grid is 

generated and used in the solution with the boundary 

conditions of periodic surfaces. The boundary conditions 

are presented in Fig. 3. 

 Inlet air with atmospheric conditions (total pressure 1 

[atm] and total temperature 288.15 [K]) enters normal to 

inlet boundary. The aerodynamic field of the Rotor-67 is 

rotating at a rotational speed, while the Inlet and Outlet 

domains are considered stationary domains. The value of 

outlet static pressure also depends on the operating 

conditions.  

 

 
Fig. 3 Computational domain and boundary 

conditions for NASA Rotor-67 
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Fig. 4 Grid study of CFD results for NASA 

Rotor-67 

 

 

Fig. 5 NASA Rotor-67 Yplus distribution of Grid 

no. 3 

 
 Now, to study the independence of the results from 

the number of elements, four grids with 480,000, 

720,000, 1,360,000, and 1,780,000 elements are 

generated. The results of performance parameters are 

compared in Fig. 4 for these four grids. 

 According to the results of the grid study, it can be 

concluded that grid number three can be chosen to 

simulate the NASA Rotor-67 flow field within the 

optimization procedure. To check the validity of the 

Yplus number, the distribution of Yplus near the blade 

surfaces of grid number three is plotted in Figure 5. It is 

clear that the Yplus average of the blade surfaces for grid 

no.3 is less than 5 (about 2.5), which is within the 

turbulence model's valid range. 

3. CFD SOLVER VALIDATION 

 To validate the numerical results, the numerical 

method results are compared with the experimental data 

(Strazisar et al. 1989). Numerical and experimental 

results, including performance maps of pressure ratio and 

isentropic efficiency in normalized mass flow rate, are 

compared in Fig. 6. 

 The minimum and maximum pressure ratios of 

Rotor-67 in the numerical method have been obtained at 

the chocked and near the stall points, and their values are 

1.28 and 1.67. The mass flow of these points is equal to  

 

 
Fig. 6 Comparison of numerical results and 

experimental data for NASA Rotor-67 

 

Table 2 Comparison of numerical results with 

experimental data at the design point 

 

 

Performance Parameters 

Pressure 

Ratio 

Isentropic 

Efficiency 

Mass 

Flow Rate 

[kg/s] 

Numerical 1.635 0.923 33.91 

Experimental 1.632 0.919 33.79 

Difference[%] 0.18 % 0.39 % 0.34 % 

 

34.55 [kg/s] and 33.14 [kg/s], respectively. Similarly, 

isentropic efficiencies at chocked points and near the 

compressor stall have been observed to be 84% and 88%, 

respectively. The maximum isentropic efficiency is at the 

compressor design point and is equal to 92.26%; its 

pressure ratio is 1.635, and the mass flow rate is 33.91 

[kg/s]. 

 Additionally, the published experimental results for 

the values of pressure ratio, isentropic efficiency, and 

mass flow rate of NASA Rotor-67 at the design point 

have been reported as 1.632, 91.9%, and 33.794 [kg/s], 

respectively. The difference between the experimental 

data and numerical results is calculated and presented in 

Table 2. 

 According to the results of Table 2, the percentage 

difference of all three objective functions at the design 

point for the numerical method compared to the 

experimental data is less than 0.4 percent. Also, the 

relative Mach number contours of numerical result in the  
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Fig. 7 Relative Mach number contours at near peak efficiency flow and near stall flow 

 

section of 70% span are compared with the experimental 

ones in Fig. 7. 

 This relative flow Mach number trend is extracted for 

two points: Near peak efficiency flow and near stall flow. 

According to the results, the good matching of the 

relative Mach number behavior of the flow between the 

blade rows can be seen in the experimental data 

comparison with CFD results. 

4. DESIGN PARAMETERS 

 This research aims to improve the compressor's 

performance using lean and sweep. Blade sweep is 

defined as the displacement of the airfoil in the axial 

direction (Fig. 8), and the movement towards the leading 

edge is considered a positive sweep. Lean is the 

movement of airfoil sections in the circumferential 

direction (Fig. 9), and the movement towards the 

pressure side is taken as positive lean. 

 Two-third order polynomials are considered for lean 

and sweep displacements (δ) as a function of span: 

𝛿 = 𝑎 × 𝑠3 +  𝑏 × 𝑠2 +  𝑐 × 𝑠 + 𝑑 (1) 

 At the hub section, the airfoil is fixed, so d must be 

zero. Also, to remove high-stress concentration at the 

root of the blade, the stacking line should be normal to 

the hub. It means that the first derivative of the stacking 

line function should be zero at the hub section. 

Therefore, the c coefficient is also zero. Lower and upper 

bounds for a and b are specified in Table 3. 

 

Table 3 Lower and Upper bounds for lean and 

sweep coefficients 

 Lean Sweep 

Coefficients a b a b 

Lower bound -1.4 -1.4 -2.2 -2.2 

Upper bound +1.4 +1.4 +2.2 +2.2 
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Fig. 8 Comparison of Rotor-67 with the swept blades 

 

 

Fig. 9 Comparison of Rotor-67 with the leaned blades 

 
 Therefore, the upper and lower limits presented in 

Table 3 for the coefficients of the equation specify the 

range of the stack line and the three-dimensional blade of 

the compressor in the optimization. 

5. OBJECTIVE FUNCTIONS 

 The compressor mass flow rate (m), the isentropic 

efficiency (η) (Eqn. (2)), and the total pressure ratio (PR) 

((Eqn. (3)) are selected as the objective functions for the 

optimization of the rotor blade. 

η =
(P0 out P0 in⁄ )(k−1) k⁄ − 1

T0 out T0 in⁄ − 1
 (2) 

PR = P0 out P0 in⁄  (3) 

 Where k is the ratio of specific heats, P0 and T0 are 

total pressure and total temperature, respectively.  

6. OPTIMIZATION METHODOLOGY 

 Optimization algorithms coupled with numerical 

solvers have been developed to optimize geometries by 

researchers such as Ekradi et al. for the impeller of  

centrifugal compressor (Ekradi & Madadi, 2020), Ma et 

al. for the ring cavity in a centrifugal compressor (Ma et 

al. 2017) and Benini (Benini, 2004) in and axial 

compressor. 

 In this research, the genetic algorithm coupled with 

the artificial neural network (ANN) is implemented to 

find the optimum values for lean and sweep coefficients 

of NASA Rotor-67. At first, a random database of 

feasible geometries is generated. The flow field is solved 

using the RANS code for each geometry, and the 

compressor performance is obtained. 

 Using the generated database, three artificial neural 

networks are trained for three objectives: compressor 

isentropic efficiency, mass flow rate, and pressure ratio. 

Figure 10 shows the comparison of the CFD results of 

the database at design point as well as the results of the 

trained neural network with database (80 member). 

 Now, the Genetic algorithm is used to find the 

optimum of the objective function. Artificial neural 

networks are used to predict the objective functions 

instead of CFD simulations during the optimization 

process to reduce the computational cost. 

 For the optimum geometry, the flow field is solved by 

the RANS code to validate the results of ANNs. If the 

difference between the results predicted by the ANNs 

and the CFD solution is less than a specified tolerance, 

the optimization procedure is completed. Otherwise, the 

CFD results are added to the database, and the ANNs are 

trained using the updated database. The procedure is 

continued until the convergence criterion is met. By 

growing the database, the accuracy of the ANNs is 

improved, especially around the optimum point. The 

flowchart of the optimization procedure is presented in 

Fig. 11, and details of genetic algorithm settings are 

given in Table 4. 
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Fig. 10 Comparison of the CFD results and 

Artificial Neural Networks 
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End
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Fig. 11 Optimization procedure flowchart 

Table 4 Details of the Genetic Algorithm 

Criteria Function / Value 

Population Size 100 

Number of Generations 100 

Convergence Criteria 1e-6 

Mutation Uniform (0.1) 

Selection Uniform 

Crossover Two-point Crossover 

Fitness Scaling Rank 

 

 The genetic algorithm finds the minimum of the 

objective function. So, to increase the compressor 

isentropic efficiency, mass flow rate, and pressure ratio. 

The objective function is defined as: 

Obj = (−PR) + (−η) + (−
ṁ

ṁD
) (4) 

 However, in some geometry, the mass flow rate, and 

the pressure ratio increase while the isentropic efficiency 

may decrease. To overcome this challenge, both the mass 

flow rate and the pressure ratio are selected as the 

objective function, and the isentropic efficiency as the 

penalty function is defined to ensure that the performance 

of the designed compressor is not lower than the original 

NASA Rotor-67. The penalty function Eqn.  (5) and 

objective function Eqn. (6) are defined. 

penalty = max(0, (ηD − η))  (5) 

Obj = (−PR) + (−
ṁ

ṁD
)

+ (103 × penalty) 

 (6) 

 Also, a high weight coefficient is used in the penalty 

function (Eqn. (6)). Using this, the optimization 

algorithm will find cases where the penalty function has 

a more significant effect on the objective function. So, 

the three-dimensional optimizations of the axial 

compressor have been done with and without the 

mentioned penalty in the objective function, and the 

results are compared with a Rotor-67. 

7. RESULTS AND DISCUSSION 

 At first, the results of the compressor optimization 

procedure are presented. These results include a 

performance map for design speed and distribution of 

compressor performance parameters from the hub to the 

shroud at its design point. In the second part, the effects 

of the optimized compressors on the engine performance 

are studied by modeling the thermodynamic cycle of the 

assumed turbojet engine at the design condition. The 

results include specific fuel consumption and thrust of 

the engine with Rotor-67 and optimized rotors. 

7.1 Results of Compressor Optimization 

 At the first optimization step, no penalty function is 

considered in the objective function (Eqn. (5)). Using this 

objective function without penalty, one of the 

performance parameters of the compressor (isentropic 

efficiency, mass flow rate, or pressure ratio) is increased, 

while the other two performance parameters may be  
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Fig. 12 Comparison of the optimized rotors and 

NASA Rotor-67 

 

decreased. The penalty function is added to the objective 

function (Eqn. (6)) to overcome this challenge. There is 

no reduction in the performance parameters by applying 

the penalty, which is concluded by comparing the 

characteristic diagrams of two optimal geometries: 

Optimized Rotor-1 without penalty and Optimized Rotor-

2 with a penalty. These optimized rotors are obtained 

from the optimization process and are simulated at the 

design speed. The performance curve for these optimized 

rotors is obtained by changing the outlet static pressure 

boundary condition. These curves are compared with the 

performance curve of Rotor-67 and are demonstrated in 

Fig. 12. 

 As can be seen, the performance diagrams of the 

optimal rotors have improved the objective functions. To 

evaluate the improvement percentage of performance 

values, the results of optimized rotors and the NASA 

Rotor-67 are compared at the design point in Table 5. 

 According to the table results, the pressure ratio is 

enhanced 0.38%, and mass flow of Optimized Rotor-1 is 

increased 0.77%, too, while the isentropic efficiency is 

decreased about 0.13% (There are small geometric 

changes with acceptable performance improvements in 

the Optimized Rotor-1.) Considering the penalty 

function, all performance parameters are improved for 

the Optimized Rotor-2. The pressure ratio, isentropic 

efficiency, and mass flow rate of design point are 

improved 0.93%, 0.57%, and 1.80%, respectively. Also, 

the results of comparing the performance maps of 

Optimized Rotor-2 in the choking zone show that at the 

same pressure ratio equal to 1.3, the mass flow rate of the  

Table 5 Performance parameters and its 

improvement for the optimized rotors. 

 

 

Performance Parameters 

P
re

ss
u

re
 

R
a

ti
o
 

Is
en

tr
o

p
ic

 

E
ff

ic
ie

n
cy

 

M
a

ss
 

F
lo

w
 R

a
te

  

[k
g

/s
] 

NASA 

Rotor-67 
1.635 0.922 33.91 

Optimized 

Rotor-1 
1.641 0.921 34.17 

Optimized 

Rotor-2 
1.650 0.928 34.52 

 

 

 

% Improvement 

P
re

ss
u

re
 

R
a

ti
o
 

Is
en

tr
o

p
ic

 

E
ff

ic
ie

n
cy

 

M
a

ss
 

F
lo

w
 R

a
te
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--- --- --- 
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Rotor-1 
0.38 -0.13 0.77 

Optimized 

Rotor-2 
0.93 0.57 1.80 

 

Table 6 Surge Margin and its improvement for 

the optimized rotors 

 
Surge Margin 

[%] 

Improvement 

[%] 

NASA 

Rotor-67 
10.618 --- 

Optimized 

Rotor-1 
11.678 9.98 

Optimized 

Rotor-2 
11.133 4.850 

 

Rotor-67 is 34.56 [kg/s] while the Optimized Rotor-2 is 

34.95 [kg/s]. The percentage improvement of chocked 

mass flow rate is equal to 1.13%. 

 The surge margin (Eqn. (7)) can also be presented as 

another result of the aerodynamics of the optimal 

geometries, which is presented in Table 6: 

𝑆𝑢𝑟𝑔𝑒 𝑀𝑎𝑟𝑔𝑖𝑛 = 1 − (
𝑃𝑅𝐷

𝑃𝑅𝑁𝑆
) × (

𝑚̇𝑁𝑆

𝑚̇𝐷
) (7) 

 Another optimization result is the distribution of 

radial profiles from the hub to the shroud. These on-

design performance parameters (pressure ratio, 

temperature ratio, and isentropic efficiency) for the 

NASA Rotor- 67, Optimized Rotor-1, and Optimized 

Rotor-2, and the profiles are presented in Figure 12. 

 According to the presented results, the hub-to-shroud 

performance distribution of the two optimized rotors at 

the design point was improved than the base geometry.   
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Fig. 13 Comparison of the pressure ratio, and the 

isentropic efficiency 

 

The maximum improvement of the target parameters 

occurred near the blade tip. 

 This improvement in rotor performance can also be 

achieved by comparing the blade surface pressure 

distribution at the design point (as shown in Fig. 14). 

Therefore, the optimal blade loading and the base 

geometry are extracted in three sections of 10%, 50% and 

90% of the blade height and are shown in Fig. 15. 

 As expected, for the middle section and close to the 

blade tip ones, the surface pressure loading for the two 

optimal blades shifted the pressure jump to the trailing 

edge (in comparison with the base loading), indicating 

that the shock position was pushed backwards. This has 

increased the performance of the two optimal geometries. 

 In addition to the three-dimensional analysis results, 

the stacking lines, airfoils sections, and the optimized 

compressors' three-dimensional geometry are compared 

together. The stacking line for the optimized rotors is 

presented in Fig. 16. 

(a)  

(b)  

(c)  
Fig. 14 Comparison of the pressure contour of 

optimized rotors (b: Optimized Rotor-1), (c: 

Optimized Rotor-2) with NASA Rotor-67 (a) 

 

 The stacking lines of both optimized rotors have a 

positive sweep with a maximum displacement of 0.529 

[cm] and 1.557 [cm] at blade tip for Optimized Rotor-1 

and Rotor-2, respectively. The optimized rotors have a 

positive lean, too. The maximum displacement of 

Optimized Rotor 1 is seen at the tip of the blade, while 

the maximum displacement of the Optimized Rotor 2 is 

at about 70% of the blade span. The comparison of the 

optimized airfoils with the original Rotor-67 is shown in 

Fig. 17. 
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Fig. 15 Comparison of the pressure distribution of 

optimized rotors with NASA Rotor-67 at span 10%, 

span 50% and span 90% 

 

 According to the presented results, both of the 

optimized rotors have the same lean and sweep 

directions. The optimized Rotor-2 has a more positive 

sweep, while the Optimized Rotor-1 has more curvature 

in the negative lean direction. 

 One of the reasons for improving compressor 

performance using Lean and Sweep is the change in the 

location of inclined shock on the blade surface. This is 

because the blade geometry is changed and the inclined 

shock location is moved toward downstream. Delaying 

the inclined shock location leads to less losses and 

improved performance.  

 

 
Fig. 16 Comparison of the stacking line for the 

optimized rotors and NASA Rotor-67 

 
 In order to review and compare the performance 

improvements of axial compressors in numerical 

optimization processes with the aim of lean and sweep, 

the results of improving the objective functions have 

been collected. Table 7 also summarizes the information 

of previous studies and the results of this research. 

 

Table 7 Summary of lean and sweep optimization 

results of previous studies and this research 
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Fig. 17 Comparison of the airfoils of optimized 

rotors with NASA Rotor-67 

 

 It seems that the use of penalties is an important 

solution to improve the performance of target functions 

while maintaining other functions (or preventing their 

reduction). 

8. THE ENGINE PERFORMANCE 

In the second part of this research, the effect of 

compressor optimization on a single spool turbojet 

engine performance is investigated. The thermodynamic 

cycle analysis of this engine is done at on-design 

conditions (Cohen et al. 1996), (Saravanamuttoo et al. 

2001) and (Friedman et al. 2013). This steady-state 

analysis of the engine was performed at ground level  

 
Fig. 18 The actual Turbojet cycle (Cohen et al. 

1996; Mattingly, 2006)  

 

conditions (1 [atm] and 288.15 [K]). Figure 18 shows the 

Brayton thermodynamic cycle of a turbojet engine. 

 The design specifications of the engine components 

are summarized in Table 8. The engine's performance 

characteristics are extracted from an example of GasTurb 

software (Kruzke, 2018; Kurazke & Halliwell, 2018) 

whose rotational speed and characteristics are close to the 

present test case. For the axial compressor, the Rotor-67 

is considered the first compressor stage. Therefore, the 

compressor is divided into two parts, the first stage, and 

the other multi-stage, with a certain pressure ratio and 

isentropic efficiency. 

 To evaluate the effect of optimized geometry on the 

engine performance, the engine model is simulated in 
three cases: NASA Rotor-67, Optimized Rotor-1, and  

 

Table 8 The specifications of the turbojet engine 
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Table 9 Turbojet performance parameters for 

Rotor-67 and Optimized rotors 

 

Turbojet 

Performance 
% Improved 

SFC 

[g/kN s] 

Thrust 

[kN] 
SFC Thrust 

Engine with 

Rotor-67 
26.286 30.16 - - 

Engine With 

Optimized Rotor 1 
26.265 30.38 0.08 0.73 

Engine With 

Optimized Rotor 2 
26.231 30.72 0.21 1.86 

 

Rotor-2 are selected as the first stage of the compressor. 

In these cases, all other engine components' 

specifications are considered constant and equivalent to 

the assumed values. Compressor performance 

improvements for the optimized cases are applied to the 

engine model, and the cycle is analyzed using the new 

first-stage compressor. The results are summarized in 

Table 9. 

 As shown in Table 9, the Optimized Rotor-2 gives the 

most improvement in the engine thrust. The engine thrust 

with the second optimal rotor has increased by 1.86%. 

Also, the thermodynamic cycle analysis has shown that 

the specific fuel consumption in both engines (with 

optimized rotors) has been improved by 0.73 % and 1.86 

%, compared to the engine with Rotor-67. 

9. CONCLUSION 

 Optimization of a compressor blade stacking line 

(lean and sweep) has been accomplished using a Genetic 

Algorithm coupled with artificial neural networks and a 

CFD solver. The compressor flow field has been solved 

by a three-dimensional Reynolds-average Navier-Stokes 

analysis code (RANS). The result shows the aerodynamic 

improvement of the objective function for pressure ratio, 

isentropic efficiency, and mass flow rate at design point 

is equal to 0.93%, 0.57%, and 1.8%, respectively. The 

effect of compressor optimization has been investigated 

on turbojet engine performance using a thermodynamic 

cycle analysis code. For the best case (Optimized Rotor-

2), the engine thrust and SFC are improved by 1.86 % 

and 0.21 %, respectively. 
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