
 

i 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISTANBUL TECHNICAL UNIVERSITY  FACULTY OF AERONAUTICS AND ASTRONAUTICS 

GRADUATION PROJECT 

JULY, 2020 

 

NEAR SURFACE FLOW STRUCTURE TOPOLOGY 

Thesis Advisor: Prof. N.L. Okşan ÇETİNER YILDIRIM 
 

 

Batuhan KAYA 

Department of Astronautical Engineering 

 

 

 

 

Anabilim Dalı : Herhangi Mühendislik, Bilim 

Programı : Herhangi Program 

 



 

ii 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISTANBUL TECHNICAL UNIVERSITY  FACULTY OF AERONAUTICS AND ASTRONAUTICS 

GRADUATION PROJECT 

JULY, 2020 

 

NEAR SURFACE FLOW STRUCTURE TOPOLOGY 

Thesis Advisor: Prof. N.L. Okşan ÇETİNER YILDIRIM 
 

 

Department of Astronautical Engineering 

 

 

 

 

Anabilim Dalı : Herhangi Mühendislik, Bilim 

Programı : Herhangi Program 

 

Batuhan KAYA 

 (110150120) 



iii 

 

Thesis Advisor :  Prof. Dr. N.L. Okşan ÇETİNER YILDIRIM .................. 

 İstanbul Technical University  

Jury Members :  Prof. Dr. Fırat Oğuz EDİS               ............................. 

İstanbul Technical University 

Dr. Öğr. Üye. Hayri ACAR              .............................. 

İstanbul Technical University 

 

Batuhan Kaya, student of ITU Faculty of Aeronautics and Astronautics student ID 

110150120, successfully defended the graduation entitled “NEAR SURFACE 

FLOW STRUCTURE TOPOLOGY”, which he prepared after fulfilling the 

requirements specified in the associated legislations, before the jury whose signatures 

are below. 

 

 

Date of Submission : 13 July 2020 

Date of Defense :  22 July 2020 

 



iv 

 

 

 

 

 

To my family, 

 

 

 



v 

 

FOREWORD 

First of all, I would like to express my sincere greatfulness to my thesis advisor Prof. 

Dr. N. L. Okşan Çetiner Yıldırım for her guidance, patience, and help throughout 

study. It is an honor for me to be accepted to the Trisonic Laboratory as a “rookie” as 

you called. 

 

I also would like to thank Murat Sarıtaş for all the information he gave and his 

endless support in the laboratory. 

 

I am also thankful to my friends Bora Tilki and Uğur Barkın Atak for helping me 

with the workforce and being a great friends from the very beginning of my 

university life.   

 

Finally, I would like to express my gratitude to my family for their support and 

encouragements. I owe you everyhing I achieved. 

 

 

 

 

July 2020 

 

Batuhan KAYA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

 



vii 

 

 

TABLE OF CONTENTS 

Page 

TABLE OF CONTENTS ......................................................................................... vii 
ABBREVIATIONS ................................................................................................. viii 

SUMMARY ................................................................................................................ x 
ÖZET .......................................................................................................................... xi 

1. INTRODUCTION .................................................................................................. 1 
2. LITERATURE REVIEW ...................................................................................... 2 
3. EXPERIMENTAL SETUP ................................................................................... 3 

3.1 Flow System ....................................................................................................... 3 

3.2 Models ................................................................................................................ 3 
3.2.1 Wing Model ................................................................................................ 3 

3.2.2 Prism ........................................................................................................... 4 
3.3 Flow Visualization ............................................................................................. 5 

4. RESULTS ............................................................................................................... 9 

4.1 Method 1 ............................................................................................................ 9 
4.1.1 500 RPM ..................................................................................................... 9 

4.1.2 750 RPM ................................................................................................... 11 
4.2 Method 2 .......................................................................................................... 13 

4.2.1 500 RPM ................................................................................................... 13 
4.2.2 750 RPM ................................................................................................... 15 

5. CONCLUSION ..................................................................................................... 17 
REFERENCES ......................................................................................................... 18 

 

 

 

 



viii 

 

ABBREVIATIONS 

DPIV : Digital Particle Image Velocimetry 

LEV : Leading Edge Vortex 

MAV : Micro Air Vehicle 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

LIST OF FIGURES 

Page 

 

Figure 3.1 : Wing Model ............................................................................................. 4 
Figure 3.2 : Prism ........................................................................................................ 5 
Figure 3.3 : Top view of the experimental setup of method 1 .................................... 6 
Figure 3.4 : Side view of the experimental setup of method 1 ................................... 6 

Figure 3.5 : Top view of the experimental setup of method 2 .................................... 8 
Figure 3.6 : Side view of the experimental setup of method 2 ................................... 8 
Figure 4.1 : Experiment result using the Scheimpflug at 500 rpm  .......................... 10 

Figure 4.1 : Experiment result using the Scheimpflug at 500 rpm  .......................... 12 

Figure 4.4 : Experiment result using the prism at 750 rpm....................................... 16 

Figure 4.4 : Experiment result using the prism at 750 rpm....................................... 16 

 

 

 

 

 



x 

 

NEAR SURFACE STRUCTURE TOPOLOGY 

SUMMARY 

Three-dimensional imaging requires expensive experimental investment, and can 

only be used in small volumes. In this study, the flow topology, which is seen as a 

result of massive flow separation on the upper surface of a wing at high angle of 

attack in the water channel, is obtained by two different methods by using a two-

dimensional-two-component Digital Particle Image Velocimetry (DPIV) system. 

Therefore, three dimensionality of the flow can be examined with a system that 

performs two-dimensional imaging. Moreover,  advantages and disadvantages of the 

methods and their applicability will be determined. 

 

The first method was carried out using the Scheimpflug connection adapter and the 

second method was made using a triangular prism. For the prism to be used, 3D 

models were made with the measurements obtained as a result of optical calculations 

and then produced with the help of a 3D printer. Platforms were made for positioning 

the camera and laser, and their angles were adjusted with the help of laser. For both 

methods, experiments were carried out at speeds of 0.05 m/s and 0.07 m/s. Thus, the 

effect of increasing velocity on the methods was observed. All experiments were 

performed in the water channel in the Trisonic Laboratory of the Istanbul Technical 

University, Faculty of Aeronautics and Astronautics. 

 

As a model, flat plate that is made of plexiglass with 10 cm chord and 30 cm span 

has been used. The model is positioned 45 degrees to the free flow direction. The 

wing has been painted in black to prevent the laser from shining when taking PIV 

images. A 10-bit 1600x1200 resolution camera, dual cavity laser and polyamide 

particles were used for the PIV method. 

 

As a result of the experiments performed with the Scheimpflug connection adapter, it 

is observed that although the appearance of the particles is difficult and relatively 

blurry, it gives feasible results at low speed flows. In addition, this method provides 

an advantage because it can be applied to any angle plane. In experiments performed 

with a triangular prism, the particles were observed to be quite clear compared to the 

previous method. Pre-adjustments of the use of liquid filled prism was easier than the 

other method. However, it is the main disadvantage of the method that the prism 

allows only one angle plane. 
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BÜYÜK ÇAPLI AYRILMA GÖRÜLEN AKIŞLARDA YÜZEY 

TOPOLOJİSİNİN İNCELENMESİ 

ÖZET 

Üç boyutlu görüntülemeler yüksek maliyetli deneysel yatırım gerektirmekte ve 

sadece küçük hacimlerde kullanılması mümkün olmaktadır. Bu çalışmada, su 

kanalında yüksek hücum açısındaki bir kanadın üst yüzeyinde büyük çaplı ayrılma 

sonucu görülen akış topolojisi iki farklı yöntemle ve iki boyutlu-iki bileşenli (2D2C) 

bir Dijital Parçacık Görüntüleme Hızölçeri (Particle Image Velocimetry - PIV) 

sistemi kullanılarak elde edilmektedir. Dolayısı ile akışın üç boyutluluğu iki boyutlu 

görüntüleme yapan bir sistemle incelenebilmiş, metotların avantaj ve dezavantajları 

ile uygulanabilirliği belirlenmiş olacaktır. 

 

Uygulanan ilk yöntem Scheimpflug bağlantı adaptörü kullanarak, ikinci yöntem ise 

üçgen prizma kullanılarak gerçekleştirilmiştir. Kullanılacak prizma için optik 

hesaplamalar sonucunda çıkan ölçüler ile 3 boyutlu modellemeleri yapılıp daha 

sonrasında 3 boyutlu yazıcı yardımı ile üretimi yapılmıştır. Kameranın ve lazerin 

konumlandırılması için çelik kirişlerden platformlar yapılıp, lazer yardımı ile açıları 

ayarlanmıştır. Her iki yöntem için de 0.05 m/s ve 0.07 m/s hızlarında deneyler 

gerçekleştirilmiştir. Bu sayede artan hızın kullanılan yöntemler üzerindeki etkisi 

gözlemlenmiştir. Tüm deneyler İstanbul Teknik Üniversitesi, Uçak ve Uzay Bilimleri 

Fakültesi bünyesinde bulunan Trisonik Laboratuvarı’nda bulunan su kanalında 

gerçekleştirilmiştir. 

 

Model olarak 10 cm veter ve 30 cm açıklığa sahip pleksiglass malzemeden imal 

edilen levha şeklindeki kanat modeli kullanılmıştır. Model serbest akım yönüne 45 

derece açı yapacak şekilde konumlandırılmıştır. PIV görüntüleri alınırken lazerin 

parlama yapmasını engellemek amaçlı olarak kanat mat siyaha boyanmıştır. PIV 

yöntemi için bir adet 10-bit 1600x1200 çözünürlüklü kamera, çift kaviteli lazer ve 

polyamide parçacıklar kullanılmıştır. 

 

Yapılan deneyler sonucunda Scheimpflug bağlantı adaptörü ile gerçekleştirilen 

deneyde her ne kadar parçacıkların görünümü zor ve nispeten bulanık olsa da düşük 

hızdaki akışlarda uygulanabilir sonuçlar verdiği gözlemlenmiştir. Aynı zamanda bu 

yöntem her açıdaki düzleme uygulanabilir olması nedeni ile avantaj sağlamaktadır. 

İkinci yöntem olan üçgen prizma ile gerçekleştirilen deneylerde bir önceki yönteme 

göre parçacıkların oldukça net olduğu gözlemlenmiştir. Sıvı dolu prizma 

kullanımının ön ayarlamaları diğer yönteme göre daha kolay olmuştur. Bununla 

beraber prizmanın tek açıdaki düzleme imkan sağlaması yöntemin başlıca 

dezavantajıdır. 
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1.  INTRODUCTION 

Nowadays, investigation and development about micro air vehicles (MAVs) became 

more popular in daily life and military applications. Missions that can be performed 

on lightweight, low-cost vehicles such as MAVs are more efficient considering the 

huge air vehicles. Also interest in massive flow separation studies increased in 

recent. According to Son, for low aspect ratio wings, interaction of evolution of 

leading-edge vortex (LEV) and evolution of the wing tip vortex of finite expect ratio 

wings will be more noticeable (2016). While for low aspect ratio wings three 

dimentionality became important, as it close and exceed the 4, it loses its importance. 

For massive flow separations it can be checked that how leading-edge vortex and 

separation can be observed in 2D.  

 

Although with Tomographic-PIV method 3D measurements can be applied, it is very 

expensive method. Also, it can be applied only for small volumes. Illuminating a 

volume is more complicated than illuminating an area. Moreover, algoritm of the 

Tomographic-PIV method more complex than the 2D2C DPIV method.  

 

In this study, surface topology is obtained with a Scheimpflug connection adapter 

and a water-filled prism by using a two-dimensional-two-component (2D2C) Digital 

Particle Image Velocimetry (PIV) system in a wing at a high angle in the water 

channel. The aim of the future is to perform economical three-dimensional flow 

examinations by using these results together with a vertical image plane. 

 

Graduation project includes five main chapter. Thesis starts with the introduction 

section and followed by the literature review at the second chapter. In the third 

chapter, experimental setup will be explained. Properties of the wing model, prism, 

water channel and its flow conditions will be discussed. Results will be given at the 

fourth chapter.  This chapter also includes comparison between the methods. In the 

fifth chapter, conclusion of the study will be discussed. 
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2.  LITERATURE REVIEW 

Although the interest in the flows with massive separation started with flapping wing 

studies (Jones, Dohring and Platzer,1996; Platzer,2008), it has increased in recent 

years with maneuver reviews (Stevens,2016; Jones,2016) and investigating the gust 

conditions. On the other hand, the use of quantitative flow imaging with force 

measurements in this type of flow is standardized. However, three-dimensional 

imaging requires costly experimental investment and is only possible to use in small 

volumes (Percin and van Oudheusden,2015). However, the extraction of flow 

topology on the wing surface with two-dimensional imaging has been used 

successfully in delta wing studies (Goruney and Rockwell, 2010). 
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3.  EXPERIMENTAL SETUP 

3.1 Flow System 

Experiments were performed in the free surface, closed circuit, large scale water 

channel which is placed in the Trisonic Laboratory of the Faculty of Aeronautics and 

Astronautics at Istanbul Technical University. Water channel has various sections in 

order to get better flow conditions. First, since the water is received from the city 

water system, water passes through the filtration system, which consists of carbon 

filters and proplyne sediment filters, to decontaminate particles that can affect the 

results of the DPIV. Then, a centrifugal pump system directs water to the settling 

chamber. To eliminate the turbulence intencity, a honeycomb and several screens are 

used. After that, filtered water is accelerated to the test section through 2:1 

contraction section. Dimentions of the water channel’s test section are 1010 mm x 

790 mm. To be able to perform DPIV and flow visualization, test section is made of 

transparent acrylic glass. Lastly, by using downstream reservoir, water is recirculated 

to the settling chamber. 

3.2 Models 

3.2.1 Wing Model 

In the experiment flat plate that is made of plexiglass with 10 cm chord and 30 cm 

span has been used as a wing model. The model is positioned 45 degrees to the free 

flow direction. The wing was painted in dull black in order to prevent the laser from 

shining when taking PIV images. The model can be seen from Figure 3.1. 
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Figure 3.1 : Wing Model 

 

3.2.2 Prism 

For the second experiment prism needed in order to minimize the refraction effects 

and thus optimize the image quality of the particles. Since wing model is positioned 

45 degree to the free flow direction, prism should be able to provide parallelism. 

Therefore, it is decided to build isosceles right triangle prism. Because of the 

refraction, calculations were necessary in order to decide the dimentions of the 

prism. These calculations were made by hand and simulated via CATIA. Since it was 

decided to use Nikon 60mm f/2.8 lens at the beginning, calculations were made 

accordingly. Finally, 3D design is made by using CATIA for the production phase.  
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Figure 3.2 : Prism 

 

The prism consists of 4 pieces of 10 mm thick plexiglass. Support elements that 

connect the plexiglasses each other are produced on the 3D Ultimaker Printer in the 

Trisonic Laboratory. The parts are screwed each other and the edges are siliconized 

for impermeability. The prism can be seen in Figure 3.2. 

3.3 Flow Visualization 

With the DPIV (Digital Particle Image Velocimetry) system using Dynamic Studio 

software, detailed flow fields, formations and developments on the surface of the 

wing quantitatively recorded. The upper surface of the wing (pressure side) is 

illuminated by a double cavity 120 mJ /pulse Nd-Yag laser. The flow is seeded with 

polyamid particles with a mean diameter of 50µm. 

In the first method used in the analysis, experiments are carried out with the 

Scheimpflug connection adapter that is used in the PIV system. As seen in Figure 

3.3, the lens plane of the Dantec Dynamics Flow Sense 2M CCD cameras with 

1600x1200 pixels resolution that is used to observe the flow field is placed parallel to 

the image plane. Although at first Nikon 60 mm f/2.8 lens was decided to use, Nikon 

28 mm f/2.8 AF NIKKOR lens is used in order to expand the field of view since 

particles could not be focused with the 60 mm lens. Besides, the camera CCD plane 



6 

is angled using the Scheimpflug connection adapter to match the optical path in the 

air and water.  

 

 

 

Figure 3.3 : Top view of the experimental setup of method 1 

 

 

Figure 3.4 : Side view of the experimental setup of method 1 
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In the second method used in the analysis, experiments are carried out with the 

isosceles right triangle prism that is used in the PIV system. As seen in Figure, same 

as the first method the lens plane of the Dantec Dynamics Flow Sense 2M CCD 

cameras with 1600x1200 pixels resolution that is used to observe the flow field is 

placed parallel to the image plane. Nikon 28 mm f/2.8 AF NIKKOR lens is used. In 

order to minimize the effects of refraction and thus optimize the image quality of the 

particles, a prism is installed on the outside of the test section of the water channel, 

as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 



8 

 

Figure 3.5 : Top view of the experimental setup of method 2 

 

Figure 3.6 : Side view of the experimental setup of method 2 
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4.   RESULTS 

4.1 Method 1  

As mentioned at the previous chapters, method one is the experiment that is 

perfomed with the Scheimpflug connection adapter. This examination is done with 

only 2 different rpms that are 500 and 750. 

4.1.1 500 RPM 

The experiment, the results of which are given below, was carried out at free flow 

velocity around 0.05 m/s. In Figure 4.1, the flow direction is from right to left, both a 

velocity field and its streamlines are given. At the figure, there are two vertical lines. 

Right line represents the leading edge while left line represents the trailing edge. The 

image is approximately 1 cm far from the wing surface and it is on the pressure side. 

Therefore, no obvious flow separation is observed. However, depending on the wing 

tip vortex in the lower part of the image, three-dimensional orientation becomes 

evident at the edge of the attack. This situation is clearly seen in the stream lines. It 

should be noted that the given vector fields are raw data, as a result of a sudden 

orientation towards the suction surface in the trailing edge line, an inaccurate vector 

sequence is observed. 
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Figure 4.1 : Experiment result using the Scheimpflug at 500 rpm  
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4.1.2 750 RPM 

The experiment, the results of which are given below, was carried out at free flow 

velocity around 0.07 m/s. Same as the previous experiment whose vector field is 

given in Figure 4.1, at Figure 4.2 the flow direction is from right to left. Both a 

velocity field and its streamlines are given. Moreover, vertical lines represent leading 

edge and trailing edge. All conditions except free flow velocity are the same with the 

experiment at section 4.1.1. Therefore, similar results are observed. However, unlike 

Figure 4.1, slight fluctuations were seen in the streamlines at Figure 4.2. After further 

experiments at different velocities it is observed that streamlines deteriorated more 

with increasing velocity.  
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Figure 4.2 : Experiment result using the Scheimpflug at 750 rpm 
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4.2 Method 2 

As mentioned at the previous chapters, method two is the experiment that is 

perfomed with the isosceles right triangle prism. This examination is done with only 

2 different rpms that are 500 and 750. 

4.2.1 500 RPM 

The experiment, the results of which are given at Figure 4.3, was performed at a free 

flow velocity of around 0.05 m/s. Same as the previous experiment the flow direction 

is from right to left. A velocity field and its streamlines are given. Besides, vertical 

lines represent leading edge and trailing edge. Since prism is used in this method, the 

optical path traveled in air and water was equal. Thus, the particles are clearly 

observed. The image is about 1 cm away from the surface of the wing and is on the 

pressure side. Therefore, no apparent flow separation is observed. Same as the 

previous experiments, three-dimensional orientation at the edge of the attack 

becomes evident depending on the wing tip vortex in the lower part of the image. 

From the left side of the image, inaccurate vector sequence is observed. The 

inaccuracy on the left side is due to the fact that the particles could not been 

displayed which is caused by reflections from the prism. The dimensions of the 

prism became insufficient to observe the large-scale image, since the calculation of 

the dimensions of the prism was made according to 60 mm lens and 28 mm lens was 

used in the experiment. However, streamlines could be obtained up to 4 cm from the 

trailing edge. 
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Figure 4.3 : Experiment result using the prism at 500 rpm 
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4.2.2 750 RPM 

At this experiment all the conditions except the revolution per minute rate are the 

same with the experiment at section 4.2.1. The particles are observed clearly since 

prism is used in this method. Therefore, results are the same. It is observed that the 

effect of velocity increase in method 2 on both streamlines and vector field is less 

than method 1. Although all the conditions are same with the experiment at section 

4.2.1, streamlines could be obtained up to only 1.5 cm from the trailing edge rather 

than 4 cm. Laser plane is parallel to the surface of the wing model but it is positioned 

45 degrees to the free flow direction. The flow bends as it comes towards the top 

surface of the wing. It goes parallel to upper surface of the wing. After the trailing 

edge, it starts to bend in the free flow direction. Since the laser plane is parallel to the 

wing model, it now becomes the flow coming in and out of the plane. Therefore, it 

goes easily through the thickness of the plane as the velocity increases. That is the 

reason why at 750 rpm streamlines could be obtained up to only 1.5 cm from the 

trailing edge rather than 4 cm. 
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Figure 4.4 : Experiment result using the prism at 750 rpm 
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5.  CONCLUSION 

The aim of the project is to perform economical three-dimensional flow 

examinations by using these results together with a vertical image plane. For that 

purpose, with a Scheimpflug connection adapter and a water-filled prism by using a 

two-dimensional-two-component Digital Particle Image Velocimetry system in a 

wing at a high angle in the water channel, surface topology is obtained and results 

are discussed. 

It can be concluded that, although two methods in this project can be applied for low 

Reynolds Numbers, method 2 gave better results for the appliciability. It should be 

clarified better results can be obtained by more accurate adjustments. For instance, 

even though, prism was made for the 60mm lens, 28mm lens was used. Therefore, 

field of view was increased and prism became insufficient. In addition, angles of the 

laser sheet, camera were wing model are adjusted by hand. Thus, minor mistakes 

may have been made.  
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