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INTRODUCTION 

Summary of the internship  

 

Host organization: Beijing Steelflow Electromagnetic Ltd 

 

Internship duration: Five months 

 

My internship concerns the optimization of Fortran code. This code can calculate the 

approximate values of physical quantities such as the characteristics and the power 

of the axial or centrifugal compressor when the corresponding parameters are 

entered in the code. The code is divided into two parts, which respectively deal with 

the problems of 1D and 2D compressors. In the 1D part, there is a part to calculate 

the characteristics of the compressor, which is the most important and difficult part 

of all the code.  

 

I need to understand the code and change the source code from format 77 to format 

90, then write a document to explain the logic and utility of subroutines. During the 

internship I read and tried to understand the code, optimizing some equations, 

removing unnecessary variables, and rewriting some of the irrelevant logic loop. The 

variables in the code are mostly named by Russian abbreviations, I did not fully 

understand the physical meaning of each variable. Finally, I wrote a document to 

explain the logic of the code in part 1D, and I modified the code of the characteristic 

part and optimized its structure. 

 

During the internship, I acquired theoretical knowledge about compressors, I know 

more about FORTRAN, using company resources, I acquired several skills using 

various software tools (e.g. Python, etc.) 

 

Announcement of the plan 

 

The follow-up report is divided into three parts, the first part, I present my internship 

company, and in the second part, I will present the objectives, the progress and the 

results of the internship, finally, I will make a summary. 

 

I / THE COMPANY AND ITS SECTOR OF ACTIVITY 

 

A. Company history 

 

Steel Flow Electromagnetic (SFEM) is a company that uses mathematical models 

to help customers solve practical engineering problems. The company was founded 

in 2013, it has decades of experience in the field of numerical computation. Its scope 

of activity covers the metallurgical industry, electrical energy, aerospace, nuclear 

industry, turbine machines, ships, etc. Technological reserves are mainly 



concentrated in CFDs, electromagnetic calculations, analysis of heat transfers and 

materials, multi-physics coupling calculations and numerical algorithms. 

 

Over ten years ago, Chinese industry began to modernize, and traditional 

industries increased the demand for digitization and digital simulation. The company 

seized this opportunity, it invested a lot of resources in the development of 

mathematical models, after signing cooperation contracts with several companies, 

the company participated in the research and development of many important 

projects. 

 

In order to better present the company where I did my internship, I show you some 

projects that the company has carried out. 

 

This project is the design of the moving blade of a high temperature and high 

pressure steam turbine. The development includes the design of the blade shape, 

the calculation of the aerodynamic efficiency of the flow field and the verification of 

the vibration intensity. Based on the existing 30 MW grade steam turbine blades, the 

company has designed 38 MW grade steam turbine blades that meet the 

requirements of thermal performance, strength and vibration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The company's engineers modeled and simulated the blade, as shown in Figures 1 

and 2. 

 

Figure1: Finite element model for the control of the resistance of the blade 

 

In Figure 1, the engineers used the finite element method to calculate the 

deformation of the blade under the effect of stress. 

 

Figure 2: the 1st to 3rd order vibration diagram of the blade 

 

The first order mode is bending vibration, the second order mode is bending 

vibration with a pitch line, and the third order mode is torsional vibration. 

 

 

 

 



Flow field and aerodynamic calculation and grid construction. The grid is a 

hexahedral structured grid. 

Figure3: grid CFD 

 

 

 

Figure 4: Distribution of the grid in the direction of the surface S2 

 

By applying the above blade to actual engineering projects, the customer has fully 

realized the independent design, manufacture and service of 38MW Guard Steam 

Turbine products. 

 

 

 

 

 

 

 



B. The company today 

 

Today, the company is in a phase of rapid development and the company has 

recruited many students who have studied abroad, they have degrees in solid 

mechanics, fluid mechanics, aerodynamics and other specializations. In the future, 

the company will always focus on the development of mathematical models and 

numerical simulations, the company is also paying attention to the development of 

intelligent manufacturing. With the advent of the era of 5G and the era of artificial 

intelligence, the company will set foot in this field. 

 

 

Figure5: Company web page 

 

When the company was established, the company primarily served the Chinese 

market and its customers were other manufacturing companies, such as steel mills 

and shipyards. Today the company has cooperated with foreign companies. Recently, 

the company will recruit a large number of foreign graduates and foreign engineers 

to enhance overseas business. The current scale of the company is still small, but it is 

very dynamic and creative. 

 

 

Going forward, the company plans to recruit more graduates in areas such as 

algorithms, artificial intelligence and smart manufacturing, expand the size of the 

company, and reserve young talent. 

 

 



II / THE INTERNSHIP FRAMEWORK 

 

A. Description of the social structure of the company / organization 

 

The sector has four young employees, two experienced employees and an intern. 

Among them, with the exception of one who obtained a doctorate, the others all 

obtained a master's degree in science and technology. Among the young employees, 

two are graduates of the University of Leeds and one is a graduate of the University 

of California, the two colleagues graduating from the University of Leeds are all in 

fluid mechanics and more experienced in liquid simulation, a colleague graduated 

from the University of Leeds University of California in aerodynamics, he is also 

responsible for guiding my internship, the doctor graduated from the Chinese 

Academy of Sciences, He is an expert in applied mathematics and physics. 

 

 

Every Friday, the company will hold a small, regular meeting. The theme and content 

of the meeting is not limited, the purpose of the regular meeting is to enable 

employees to communicate, so that employees can acquire new knowledge in 

communication. 

 

 

Figure6: My trainee sector 

 

The corporate culture advocates free communication between employees and the 

free development of the employee, in this company, even if you are a novice, the 

company will still entrust you with the project, the company considers that the 

training of new employees is very important, so she does not hesitate to invest 

resources, even if there is no short-term benefit. 

 

 

 

 



The company has an international student from Pakistan. Its strength is Fortran 

programming and the calculation of various properties of the fluid. When I 

encountered difficulties in FORTRAN programming, it helped me solve many bugs. 

 

B. Display of the sector project 

 

In this chapter, I will focus on the projects that are handled by my colleagues in order 

to better demonstrate the daily work of the company, I will show some examples, 

firstly, I present the Multigrid Method. 

 

When we do simulation processing, meshing is a necessary process, the mesh size is 

directly related to the accuracy of the simulation results, the result calculated using a 

fine mesh is more accurate than a mesh coarse, but fine size requires many 

iterations, although coarse mesh is not accurate due to fine mesh, but it saves the 

computational cost. Therefore, by combining the two mesh sizes, the multigrid 

method is widely used in practical engineering problems. 

 

The characteristics of Multigrid are as follows: 

 

(a) Different meshes can reduce errors; the fine mesh reduces the short wavelength 

error, the coarse mesh reduces the long wavelength error. A correct combination of 

the two can reduce errors on both scales in a single cycle. 

 

(b) The shape functions associated with a node common to the coarse mesh-H and 

the fine mesh-h show how information (example speed, stress or displacement etc) 

of different distances can be brought to a node given using different mesh scales.  

 

(b) We can design different schemes to iterate through the different meshes. 

 

We use different grids for an iterative process which makes it possible to get rid of 

low wavenumber residuals with a smaller number of iterations, as shown in Figure 7. 

 

Based on existing multigrid articles, my colleague developed a FORTRAN code which 

automatically generates the multigrid. Using this code, he was able to solve 

engineering problems. 

 

 

 



Figure7: Conclusions on The Multigrid Method 

 

The company participates in an aircraft manufacturing work with another company, 

our company has to research the engines that were chosen by the customer. Next, 

the company should select a suitable engine, conduct research on this engine and 

show customers the performance and economy of showing, The following figure is a 

cross-sectional view of a structure of an engine, my colleague will show customers 

the process of running this engine. 

Figure 8: Sectional view of the motor      

                                                 



III / WORK CARRIED OUT AND CONTRIBUTIONS OF THE INTERNSHIP 

 

A - The work carried out 

1. The tools at my disposal 

 

 

In the first week I learned the latex tool and used latex to write the project 

document. After that, I installed the necessary software tools to write Fortran code, 

and used the ifort file to compile the Fortran code.   

 

 

 

 

Figure12: Example of analyzing a structure using the finite element method 

 

 

In figure 12, I used the application’s toolbox to build the model, then build the mesh, 

finally use the finite element method to solve the deformation of the structure 

under pressures. 

 

2. Missions of the position held 

2.1 Fortran code optimization 

 

During the internship, my main job is to optimize and modify the code. This code 

uses the old fortran77 format, the main function of the code is to calculate the 

approximate values of the physical quantities such as the characteristics and the 

power of the compressor. The source code I received has been modified by other 

programmers. The format of the code mixes the fortran 77 format and the fortran90 

format. The code is divided into 4 files, the main program: Main; the variable file: Var; 

the subroutine file: Routine and the input and output file: IO.  



Figure13: the code files 

 

In the Main program, it is divided into 2 parts, one part calculates the compressor 

structure values such as the size of the compressor input working wheel, the 

optimum installation angle of the compressor blades in the 1D situation. The second 

part consists in calculating the characteristic value of the compressor, for example 

the input speed of the compressor, the output speed, the flow rate etc., the number 

of lines of code in this part represents about 70% of the code. The total number of 

lines of code is approximately 7,000 lines. 

 

 

When calculating the characteristic part, the output data of the 1D part is needed, so 

the program must first execute the first part, the 1D and characteristic data will be 

saved in the AX file. 

Figure 14: Code selection interface 

 

Figure 15: Code selection interface after 1D 



 

Figure16: The AX file 

 

My main task is to understand the code and optimize the code, the code is from 

Russia, so the comments in the code are all in Russian. In the first month of my 

internship I understood the code of 1D, after that I started to write an explanation 

document, the document included an explanation of the logic of the 1D code and 

pseudo-codes also after writing the document i started to edit the code, the first 

thing i changed were the main program variables, in the source code the code uses 

COMMON to create a public area, COMMON only says that the variable assigns in 

the public area, but does not indicate the type and precision of the variable, the 

public area uses bytes of memory instead of variable names, this is extremely 

difficult to troubleshoot and debug. 

 

So I changed the COMMON statement to the MODULE statement in code, and used 

the USE statement to call the variable. the source code did not use IMPLICIT NONE, 

so it used many variables directly in the program, I added the IMPLICIT NONE 

statement and declared the variables that were not declared in the main program. 

 

 

 

 

 

 



After I finished modifying the 1D code, I started writing the report, the document 

includes the explanation of the code logic, pseudo-code and the explanation of the 

characteristic parameters of the compressor. 

 

 

Figure 17: Program call diagram of the feature part 

 

Figure 17 shows us the logic of the characteristic part of the code, we see that to 

carry out the characteristic calculation of the compressor, the program uses a lot of 

subroutines, and the logic of the code is complex, the code has many branches, this 

shows that the code of the characteristic part is very important. 

 

I also wrote the important routines in pseudo-code format, which has the advantage 

of being modular, simple and clear, and easy to show to clients. Examples are as 

follows: 

 

 

 



Figure18: Pseudo-code of part 1D of the code 

 

The table of figure 18 shows the output variables which will be used in the following 

programs, in chapter 4.5.1 are the formulas for calculating the real isentropic work, 

finally, the pseudo code to calculate the axial speed of the compressor output, the 

rest of the document is similar to this part, after showing it to the client, the client 

was very satisfied, for me it was a good exercise, it gave me an idea of how to write 

explanatory documents that orient towards the customer. 

 

Before the internship, I thought that the document was only a tool to make a 

summary or a presentation, but during the internship my colleagues told me that a 

good document is important, each client has their own requirements in document 

matter, the right documents can not only meet the needs of the customer, but also 

create a communication bridge between people, a good document equals good 

communication, good communication between people is very difficult, writing 

documentation is therefore also a very important job. 

 

 



 

After finishing the documents I started to modify the code in the feature part, the 

lines of code in this part are about 70% for total lines of code, this part contains a lot 

of subroutines, as shown in the figure 19. 

 

Figure 19: Logic diagram of the characteristic part of the code 

 

In figure 19, the diamond represents a selection (IF or GOTO), the rectangle 

represents the content of the code and the circle represents the start of the loop or 

the end of the loop, we can see the complexity of this part of the code from figure 19, 

we have seen that the stability of the code is not good, due to the complexity of the 

code, the code is very sensitive to changes in the values of the variables. The source 

code did not declare double precision for the variables, so when we declare the 

double precision variables, the code will have bugs, in order to eliminate the bugs, 

we have optimized the logic of the code, for the error systematic code, the error 

range should be 0.0001, and the number of errors can not be much, as shown in 

figure 20, in figure 20, the data after code modification is on the left, we can see that 

the errors are all 0.0001 and the total number of errors is 17, there is approximately 

2000 output data, so this number of errors is acceptable. 

 

 

 

 

 



 

 

 

Figure 20: Comparison of results after and before code modification 

 

In the work of modifying the code, I also learned a lot about compressors. The 

compressor can generate pressure difference and are widely used in airplanes and 

ships etc. Compressor vanes are very important, when other conditions remain 

unchanged, when the compressor efficiency is highest, the vane angle at this time is 

called the optimum vane angle. 

 

The compressor pipe is generally irregular, as follows, this is a side view of the 

compressor pipe. it can be seen that the compressor inlet on the left is larger, while 

the compressor outlet on the right is narrower. For an axial compressor with coaxial 

rotation, the best vane angle at the inlet and outlet is different, for the working 

rotors and guide stators at all stages of the compressor, the vane angle is different. 

also, what is depends on the summary of the experience. 

 

Figure 21: Compressor channel diagram 

 

 



 

 

 

Figure 22: Speed triangle 

 

Figure 22 shows us the speed triangle, the speed triangle is important to analyze the 

flow inside the compressor, the energy transfer process and the changes in the size 

and direction of the flow, the speed triangle graph can describe the type of blade, for 

the flow through the stator the absolute speed is important, for the flow through the 

rotor one has to take into account the relative speed of the rotating blades, which is 

called relative velocity, when the relative velocity and other related parameters are 

used, the flow in the row of rotating blades can be treated as the flow in a static flow 

channel. 

 

The internship experience on compressors and FORTRAN codes is very important to 

me. I not only learned new knowledge, but I also learned how to organize work plans. 

My colleagues explained to me how to distribute the working time, manage the 

difficulties encountered, etc. these are all very important experiences, which have 

greatly helped me to improve my overall quality. 

 

 

 

 

 

 



2.2 study the ant colony algorithm 

 

In this part, I present the ant colony algorithm, the ant colony algorithm is a bionic 

algorithm, it simulates the natural method of ant path finding, an ant releases 

pheromones during movement and others can detect the pheromone to determine 

the direction of its movement. Under the condition of the same speed of the ants, 

more pheromones will be left on the short road. Therefore, the collective behavior 

of a large number of ants is a phenomenon of positive feedback. 

 

The Ant Colony Algorithm is a new evolutionary bionic algorithm in the field of 

optimization. the algorithm uses a distributed parallel computing system, which is 

easy to combine with other methods, It has a strong robustness, but its main 

drawback is the long search time and easily limit the optimal local solution. 

 

 

In a practical example I am using this algorithm to solve the problem of the extreme 

values of the equation, here is the equation we need to solve: 
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Figure 23: 3D diagram of the equation 

 

In the code, it is assumed that there are 20 ants scattered randomly on the plane 

formed by the equation, every time the program is rerun, the position of the ant 

changes, this can ensure the correctness of the code. 



Results 1                                  Results 2          

 

Figure 24: Results of the ant colony algorithm 1 and 2 

Results 3                                    Results 4  

 

Figure25: Résultats de l'algorithme de colonie de fourmis 3 et 4 

Résultats 5  

 

Figure 26: Results of ant colony algorithm 5 



 

We get 5 different figure, the figures are called the short adaptive evolutionary, 

where the x coordinate is the number of searches, and the y coordinate is the 

adaptive value, in our problem, the adaptive value is the limit value, here we 

calculate the minimum limit value, the curve shows the number of searches 

necessary for the code to find the extreme value, this simulates the number of steps 

necessary for the ants to find the best path, in our results, the result 5 is very close 

to the result 1, it maybe that the initial positions of the ants are close, or the initial 

positions of several ants are in the same area, these two situations will lead to 

similar results, the curve of the result 3 is a straight line, which is a special case, that 

is, at first more ants are distributed to the area near the limit point, due to the 

positive feedback effect, the program will directly determine t the solution, in 

addition to figure 3, we can see that the program found the optimal solution after 

less iterations, but that's because the range of x and y we set is small, when we 

increase the definition range of x and y, the program needs more iterations to find 

the optimal solution. 

 

The important parameters in the ant colony algorithm are the empirical coefficients, 

when the definition range of x or y becomes larger, we only have to modify the 

parameters at the same time, for example, the number of ants, when we define the 

range of x and y from 100 to -100, if the number of ant parameters is too small, the 

optimal solution will not be found and the calculated value will be different each 

time, the code has the problem of falling into the local optimality, as shown in the 

following figure: 

 

Figure 27: Results of falling into local optimality 

 

In order to solve this problem, the code can be optimized or combined with other 

algorithms. 

 

 



 

3. Difficulties Encountered and Solutions Provided 

 

In the work of modifying the code, I was stuck in the part of calculating the 

characteristics of the compressor, I modified the variables of this part of the code 

and succeeded in compiling, but the program could not run, the reason could be an 

error in the assignment of the variable, or an implicit bug. For the understanding of 

the code, I don't know about compressors so the code is more difficult for me to 

understand, many formulas are used in the code, a lot of these formulas are 

obtained by experiments, which makes it hard to know the physical meaning of 

formulas. 

 

The first time i changed the code i changed all the variables but the program couldn't 

run, due to i changed a lot of code, i don't know how to check the error, after trying 

to fix the errors I failed. When I changed the code the second time I changed the 

variables one by one, every time I changed a variable I ran the code to check for 

errors so I found the errors that I made by modifying the code. 

 

 

 

Figure 28: Code irregularities 

 

As shown in figure 28, the source code uses the COMMON instruction to create a 

common area A40, this common area has a variable, which is named C4A in the main 

HARIKA program, but in some subroutines of HARIKA, this variable is named LA4, this 

is done to avoid duplicate names, such as the CALL CRITIC code. For the first time I 

did not find this problem, which made the program not work normally, regarding 

modifying A40 there are two methods, the first method is to change the names of all 

C4A variables in HARIKA , the second method is to change the name of the variable 

LA4 in the subroutines, I chose the first method because the corresponding variables 

in HARIKA are easier to modify. 

 

In the source program many variables have the same problem, I can only check the 

subroutines one by one to see which subroutines these duplicate named variables 

are used in, so the workload is huge in this part , but in order to ensure the 

correctness of the code, this method is very necessary. 

 

 

 

 



 

There are also illogical problems in the code, I have seen a lot of GOTO statements in 

the source code. In order to optimize the logical structure of the code, it is necessary 

to modify the GOTO instruction, however, when the code is modified correctly and 

the logic of the code is correct, there are errors between the calculation result of the 

modified code and the result got before modification, these errors are still 0.0001, I 

did not find the cause of the errors, but I suspect it may be caused by some 

computer problem, for example, the data is changing while entering and exiting 

computer memory, resulting in an error of 0.0001. The source code does not use 

double precision, when we only changed the variables to double precision, the code 

could not work, it is very illogical, I think the code is sensitive, when the variable 

becomes double precision, the number of data bits changes resulting in a small error, 

and these small errors prevent the program from jumping out of some loops, I did 

not fix this problem at that time, I have tried other methods, but the problem was 

not resolved. I also searched the internet for a lot of information, but there was no 

specific answer to this question. 

 

Colleagues helped me a lot to understand the code. As I said before, many code 

comments are in russian, so I don't know what it means, to help understand the 

code, a colleague made a variable table, thanks to this variable table, j Understood 

the code bit by bit, after that I wrote a document explaining the logic of the code, 

which deepened my understanding of the logic of the code. In addition to the above 

issues I made some bad fixes, and an implicit BUG was generated due to my error, 

with the help of my colleagues I finally fixed the issue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

B - Contributions of the internship 

2. Life in society 

 

During the internship, the daily life of the company is also interesting, every Tuesday, 

the company organizes a lunch, everyone goes to the restaurant and discusses their 

experiences, through conversation, the atmosphere between colleagues is very 

relaxed , and interns like me can quickly integrate into the company, every Friday has 

a regular meeting of the company, on that day, everyone will discuss the progress of 

the work, the new knowledge acquired or the difficulties encountered in during 

labor.  

For me this is a good opportunity to learn some knowledge, often I am curious about 

the content of my colleagues' conversations in meeting, then I check the documents 

to learn related knowledge etc even if these are not not my professional knowledge. 

 

Most of my colleagues are young people who returned to China after studying 

abroad, so we often share the experience of studying abroad with each other, I 

found that my colleagues are very interested in knowledge of computer 

programming and image processing. At work, we often shared the difficulties 

encountered, sometimes we tried to solve the problem together, during this time I 

learned how they analyze the problems. Although sometimes we could not solve the 

problem, but e, I have gained experience anyway. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONCLUSION 

 

This internship is very rich for me, because it allows me to discover in detail the role 

of simulation in the field of intelligent manufacturing, and allows me to participate in 

challenges through different tasks, during the internship, I have gained a lot of 

knowledge about mathematical models, which can help me deal with problems 

related to structural optimization, and learned python and other software tools, 

which can help me develop better in the future. 

  

During the internship, our company is in a period of rapid development. I am proud 

to be able to make my contribution, participating in the work of the company, I have 

a better understanding of what I want to do in the future and help me to have a 

better plan for my future. With this experience, I want to enter the automotive 

industry in the future, today the traditional automotive industry is transforming into 

intelligent electronic vehicles, and this industry still needs a large number of CAE 

engineers. 

 

Finally, this internship experience is a very valuable life experience for me, it made 

me realize that a lot of knowledge and skills can only be acquired in real work, even 

if you get into the social you have to keep going to learn and grow. I am very 

satisfied with my internship experience, I not only learned a lot of knowledge, but 

also learned how to solve and think about problems when I encounter difficulties, it 

makes me a great improvement, I am very grateful for this experience of the 

traineeship. 
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