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ABSTRACT 

Performance of an engineering device are mainly depends on its abil ity to adapt and 
functional at t11e most extreme conditions. This project mainly highlight on the design of 
wind ventilator turbine wi th and without tubercles added. The objective of this report is to 
to compare the CFO analysis result of drag and lift coefficient among three blade design. 
The blade with 15, 8 and without tubercle was put on a test. The geometry of the blade was 
generate using SOLIDWORK software before transferred to ANSYS software by changing 
the file to IGES format. The geometry was then edited to satisfy me real situation condition 
Mesh was generated and the boundary condi6on of the model was set to avoid any error 
occur. The simulation was made using standard k-epsilon model. inlet velocitY of the test 
section was set for four different values and the calculated solution result of ANSYS was 
recorded and plotted. The result shows that the blade tha1 having more tubercles are more 
likely to have a better input on Ii ft coefficient. Meanwhile the drag coefficient resulted an 
increase pattern of graph for all simulation test conducted with different maximum values. 
Ratio of lift and drag force aJso be considered in order to compare the best blades design_ 
By using calculation method, it 1s also shows that the more tubercles present on the blade 
edge, the higher and consistent the ratio would be which affect the effectiveness of the 
device. 
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ABSTRAK 

Prestasi peraJatan yang menggunakan pnnsip kejuruteraan bergantung kepada 
kebolehan alat tersebut berfw1gsi waJaupun dalam keadaan yang ekstreme. Projek ini 
khususnya mengkaji rekabentuk bilah venti lator angin turbine. Objektif kajian ini ialah 
untuk membandingkan keputusan ana lisis CFO bagi pekali heret dan naik antara tiga jenis 
bilah yang berbeza. Bilah yang mempunyai 15, 8 dan tanpa tuberkel telah diuj1. Geomet:ri 
bilah tersebut telaJ1 dijanakan menggunakan perisian SOLIDWORK sebelum dipindal1kan 
ke perisian ANSYS dengan mengubah fai l kepada format IGES. Geometri tersebul di edit 
bagi memenuhi kehendak pada keadaan yang sebenar. Jaringan dan keadaan gans 
sempadan model tersebut telah ditetapkan bagi mengelakkan sebarang kesi lapan 
berlaku.simulasi telah dibuat menggunakan model k-epsilon piawai. Kelajuan masuk 
kajian tersebut telah ditetapkan kepada empat nilai yang berbeza dan keputusan kirrum 
solusi ANSYS telaJ1 direkod dan diplot. Keputusan menunjukkan bilah yang mempun_ ai 
teberkel yang lebih banyak lebih berpotensi mendapatkan keputusan akhir yang lebih baik 
berdasarkan nilai pekali naik. Sementara itu, pekaJi beret menunjukkan keputusan menaik 
dalam graph bagi kesemua simulasi , Nisbah beret dan naik juga patul diambil krra untuk 
membandingkan bi lah yang lebih bagus.dengan menggunakan kaedah kiraan. ia 
menunj ukkan bahawa kehadi ran teberkel yang lebih banyak . lebih tinggi dan konsjsmn 
nisba11 akan terhasil d1mana mampu memberi kesan kepada keberkesanan alat tersebut. 
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CHAPTER I 

INTRODUCTION 

I . I Background of Study 

As a country that experienced low average of annual ramfaJl with 50.0 mm l!o 

350.0 mm (Meteorological Department Malaysia), Malaysian populations prefer to instaJI 

air conditioning for human comfon. Which resulted the increase of chlorine gas released 

into atmosphere. Therefore, wind ventilator turbine was designed as alternative to reduce 

global warming and provide humidity comfort as well . 

This device is also known as air driven fan which mean it is free energy 

consumption device. Equipped with a numbers of blade, the wind ventilator turbine 1s said 

to be able to operate in low-wind velocity condition at least 5 mph. This device 1s super 

light since it is made from galvanized steel or aJum111um construction in 12-inch and 14-

mch sizes. These vents use the natural force of wi nd and air pressure to spin and vent out 

stale attic air. 

Before any product come across the market, it need to be fully tested to prevent 

any malfunction which may lead to a disaster. To avoid any loss of time and virtue, a 
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software named ANSYS was created that make these engineers job become more 

interesting and easier. This software can be used to simulate interactions of all disciplines 

of physic, structural , vibration, flµ.id dynamics, heat transfer and electromagnetic for 

engineers. Besides that, determining and improving weak points, computing li fe and 

foreseeing probable problems are possible by JD simulations in virtual environment 

1.2 P1·oblem Statement 

The rooftop turbine ventilator now is not only widely accepted as industnaJ 

ventilation, but also has become a common ventilation feature used in other types or 

buildings including institutional. commercial and residential as an alternative to air

conditioning systems. This device quality basically assessed by its perfom1ance on 

controlling temperan1re in a building by transmitting hot air from the attic. To be moire 

specificaJly, its performance depends on the design of the wind venti lator turbine itself 

Although it is often thought to be very ef1ective even 111 the lightest wind condinons, but 

many scientific studies found that its actual performance in the real building is not very 

promjsing due to some ouldoor climatic constraints and the weaknesses of the device 's 

configuration itself. Based on this problem, this report aun is to design a better wind 

turbine ventilator in order to describe its ful l characteristics, reliability and limitations or 

the device. Future turbine ventilator criteria which is not on ly venti late well in high-wirnd 

speed region, but also could be an effective multifunction device even in low' ind elocity 

region is also considered. 
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l.3 Objective 

ll1e objective of this project are as follow: 

i. To rev1ew the mechanical mechanism used on wind ventilator turbine. 

ii . Design an improvement feature on wind ventilator turbine for domestic apphcanon 

based on the three different blades design. 

iii . Compare the CFD analysis result of drag and lift coefficient of the three blades 

design. 

1.4 Scope of Projecl 

The scopes of tlus p roject are; 

1. Calculation and analysis of wmd ventilator turbine using CFD software (A SYS). 

11. Indicate the di fferent of drag and Ii ft coefficient result and data based on thr1!e 

different blades with dJfferent number of tubercles. 

3 
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CHAPTER 2 

LITERATUR E REVTEW 

2.J Overview 

Literature review is focused on previous study in the related field which includes 

the current knowledge including substantive findings, as well as theoretical and 

methodological contributions to a particular topic. In thi s chapter, j oLLrnal and techmc.aJ 

report from other researchers are reviewed and summarize. 

2.2 Analysis and Design of R oof T urbine Ventilator for W ind Energy Harvest 

by Yung Ting et al. (20 10) 

This study analyzed the effect of number of blade used and the blade angle on thte 

performance of a vertical ruas roof turbine ventilator. According to the previous studies. 

electroactive material had already been veri fied its capacity for energy harvest Roof 

turbine venti lator with gear mechanism that attached on the bottom side is considered to 

achieve that purpose. The electroactive materials employed around rhe ventilator will be 

impacted and vi brated by lhe rotation of gear teeth 
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2.2.1 Methodology 

Eledroadive 
matenat 

Gear 

Eledroachve 
matena l f\Okler 

,__B~tade 

Figure 2.1. l: Roof Turbine Ventilator 

The experiment was canied out by testing 3 main aspect of roof turbine ventilator 

which are number of blade, blade angle and number of electroactive material attached. For 

better efficiency, straight type of blade was used in this experiment. 12 and 18 number of 

blade was chosen to examine the performance with various combinatjons of blade angle (.13 

= 30°, 45°, 60°. and 90°). Diameter of the roof turbine used in this study is 250mrn 

Different number of pieces of electroacti ve materials (Nu=l, 2, 3, 6) are also assigned. lrt 

order to closely emulate the real envi ronment, the wind speeds are assumed to be 3, 4 and 

5m/sec. 
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Figure 2. 1.2: Top view of roof turbine and wind flow 

2.2.2 Result and Discussion 

1. Minimum Requi rement Force fo r Rotation 

Wind power should provide enough force to overcome the inertial of roof turbirne 

venti lator and the deflection of electroactive material. Therefore, the min imum force to 

rotate the turbine blade was calculated as Table 2.1 below 

Nu (piec.e) 
Nb= 12 

F,,.;,,(N} 

Nb= 18 

1 0.44 0.46 
2 0.84 0.86 
3 1.24 1.26 
6 2.44 2.46 

Table 2.1: Fmin for different Nu 

The force for I piece of electroactive material is about 0.04N and 0.06 for l\b= l 2 

and 18 respecti ely. Number of electroacti ve material (Nu = I. 2, 3 and 6) in thi s case stud} 

6 

© Universiti Teknikal Malaysia Melaka 



with Smm vibration displacement generated in each of them. Therefore, the minimum 

force Fm.in is calculated for Nb= 12 and 18 respectively. 

ii. Angle and Number of Blade Effect 

From the result of experiment, its show that higher wind speed could generate more 

wmd power so that larger dnving force is obtained_ At the same time the wider the blade 

angle, possibility to generate larger driving force is high based on Figure 2.1.3. For 

example, with u = 3 and blade angle of 90°, nwnber of blade Nb= l2 at wind speed 

5m/sec is the only condition that can rotate the turbine and Nb;;; 18 wind speed Vw=4 arnd 

Sm/sec can rotate the turbine. 

~ 
cu 
~ 
0 u. 

"° c ·:; 
~ 
0 

Note that: 

J'j 

2 

LS 

O<i 

() ., 20 40 {',() 

Blad e Angle (deg) 

llXJ 

• \lb 18.Vw- J 
• Nb 18.Vw .l 

A Nl>-18.Vw- 5 
• ~12.Vv. -"i 
• "lb-l?_V w 4 

--<>- Nt>-12.Vw-5 
- · •·- '111- I 

- - · · - '111-2 
-·-. ·- Nu- l 
- · • • - ~ll (\ 

FigLu-e 2. 1.3: Graph of Onvmg Force against Blade Angle 

Nb = number of bJade 

Nu = number of eledroactive material 

Vw = wind velocity 

7 
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2.2.3 Conclusion 

The roof turbine venti lator blade seem to be important for its better effectiveness in 

giving human comfort. lt can be conclude that, the efficiency of the roof turbine can be 

improved by adding more blades and wider blade angJe to ensure the turbine can rotate 

even with minimum wind speed. 

2.3 Rooftop Turbine Ventilator: A Review and Update by Mazran Jsmail & Abd 11d 

Malek Abdul Rahman (2012) 

In order to describe rooftop turbine venti lator full characteristics, reliabili~y. 

limitations and possible improvement of the device, this study discusses the current 

development and future prospects of the turbine ventilator by elaborating the results of 

some experimental and analytical work that have been done in various aspects of i'ls 

application and performance. The analysis and summarized findings presented in this study 

also recommend some criteria that should be considered in designing future turbirne 

ventilator which is not only ventil ate well in high-wind speed region, but also could be an 

effective multifunction device even in low wind velocity region. 

2.3.1 Methodology 

Some important design aspect for a rooftop turbine ventilator have been focused in 

this study such as turbine diameter (size), blade height, blade configuration, openings and 

duct/throat diameter. The referred blade height in this study are l 70, 250 and 340 mm at a 

fixed wiml speed of 12 km/h. For blade design, JOOmm straight vane tttrbine, JOOmrn 

curved vane turbine, 250mm straight vane turbine, 250rnm straight vane turbine were 

8 
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tested. Besides that, throat diameter and opening of rooftop turbine ventilator also tested on 

4 different design as shown on Figure 2.1.6. 

2.3.2 Result and Discussioa 

1. Turbine Diameter 

Based on previous study, Lai (2003) confirmed the consumer beliefs that the biggt~r 

size of turbine venrilator would induce higher ventilation rate. However, it was found that 

the venti lation rate induced by more commonly used ventilators of 14" (360mm) and 20'' 

(500rnm) are more or less the same, meaning that the rate can be considered equal when it 

comes to the application in engineering. 

11. Blade Height 

When turbine venti lator of different vane heights of 170, 250 and 340 mm shown in 

Figure 2.1.4 were tested at a fixed wind speed of 12 km/h. The study found that 13.5% 

improvement in flow rate could be achieved if the vane/blade height is increased by 50%. 

This percentage can be related by increasing airflow rates of 65, 70 and 75 I Is for all 3 

model respectively. 

Figure 2. 1.4: Variable blade height 

9 
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u1. Blade Design 

In terms of verticaJ vane or blade design, it was found that for the same size of 

300mm ( 12") turbine ventilator, the curved vane type of ventilator had about 25% larger 

flow rate than the straight vane ventilator at the same wind speeds. Besides, the study on 

the different types and forms of turbines venti lator as shown in Figure 2. l.5 also reveaJed 

that the fabrication material of the device aJso affect the ventilator's capacity to inducce 

airflow. 

Figure 2. 1.5: Different types of turbine ventilators under test 

1v. Throat Diameter and Opening 

The resuJts of a single perfom1ance curve (embodying air ex1Taction rates, wirnd 

speeds, throat size and pressure differentials across the devices) confirmed that the turbme 

ventilator with bigger throat of 300mm ( 12'') is perform better than turbine ventilator wi1U1 

250nun ( 10'') diameter throat. The study also indicated that the simple open stub (wtthout 

turbine vent ii a tor) performed best 111 air ext raction, thus recommended the type to be a 

base-line model for improving convenllonaJ turbine ventilator as shown in Figure 2 1.6. 

10 
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Figure 2. 1.6: Various ventilator throat diameter 

2.3.3 Conclusion 

As can be conclude m this study, ci1e performance of rooftop turbine ventilator 

depends on many factors. For future recommendation, this study have been elaborated the 

fuJI characteristics, current status and aJso the possible development of d1e device. Based 

on the analyses and summarized findings, thi s study has also suggested some criteria. 

current limitations and future prospects of the device which need to be considered in 

developing future. 

2.4 More Efficient Helicopter Blades Based on WhaJe Tubercles by Sam 

Weitzman and Ann Lambert (20 13). 

The ma111 objecti ve of this experiment was to study the effect of adding tubercles 

based off those of a humpback whaJe ro the increase of efficiency of the helicopter blades 

on the Double Horse 9053 RC Helicopter. This study was inspired by the natural 

occurrence. which applied on helicopter blades for better performance that could save fue l 

and reduce emissions while being able to fly, and accelerate at the same, if not better, level 

and quali ty 

II 
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2.4.l Methodology 

1. Base construction 

A base for the Double Horse 9053 RC Helicopter was bu il t out of wood and screws 

This base is needed to ensure that the helicopter remain static even when the blades start 

spinning. The skis of the helicopter were held to a thick piece of wood by a thinner piece 

of wood placed over the skis but under the body of the helicopter. Another long piece o f 

wood was placed perpendicular to the main base and attached by screws to hold the 

anemometer. An anemometer is a device for measuring wind speed. For testing, the base 

was clamped to two desks and an anemometer was clamped to the area on the base 

designed to hold it shown in Figure 2. 1.7 and Figure 2. 1.8. 

Figure 2. 1. 7: Clamped RC Helicopter Figure 2. 1.8: Base Drawing 

11. Tubercle construction 

The tubercles were made out of yellow HMO Soft clay (FlMO). There were two types 

of blades, the 8-tubercle and the 4-tubercle. The tubercle blades \Vere a separate set frorn 

the control blades and were only used with the tubercles on each blade spaced 1.7 cm apmrt. 

so 16 m total (Figure 2 2) In total, the two 4-tubercle blades had 8 tubercles (Figure 2.1 9} 

The tubercles on the 4-tubercle blade were spaced J. 7 cm apart. The tubercles were about 1 

cm long. 3 mrn wide. and 2 mm tall. They were made s lightly bigger toward the base of the 

12 
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wing and smaller toward the end. They took up about a third of the blade toward the inner 

part of the blade (aroWld 3 cm wide) and about half the blade toward the outer end around 

2.5 cm wide). In separate tests, the 8-tubercle and 4-tubercle blades were attached and the 

same process was completed as with the control blade. Three trials of each test we:re 

completed us ing new tubercles each time in order to ensure repeatabil ity. 

Fig ure 2.1. 9: 4-tubercle blade Figure 2.2: 8-tubercle blade 

2.4.2 Result and Discussion 

Table 2.2 : Average differences between blades and control for each blade type 

x-1 ubcrcle Average difference Average perc-ent 

in speed (mph) change 1n speed 

Speed I 0. t 6,(,f,6(.,(,(,6(,6667 4.20 

Speed 2 0.0555555555S5S6 1.54 

Speed 3 0.11 1 11 t I t 11 1111 2.32 

4-Tubcrc)c Average dJfference AWraJ(e percent 

inspeed{mph) eacge ln )peed 

Speed 1 ·0. 1 777777777777~ · 3.3S 

Speed 2 0.10555555555556 1 65 

Speed 3 0.1 11 11 1111 H II l · - -~ 

13 
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According to the data above, All the 8-tubercle blades had an average increase in 

output while all the 4-tubercle blades had an average decrease in output. As seen in Table 

2.2 the highest change in perfonnance was Speed I with the 8-tubercle blades, which h:ad 

an increase of about 0.167 mph. It is clear that the 8-tubercle made a change in the output. 

Speed I had a 4.2% increase. The 4-tubercle blade hindered the efficiency of the blade. For 

the 4-tubercle blade, all the speeds had an average percent decrease. Lt ranged from a 

l.44% decrease in Speed 3 to a 3.38% decrease for Speed I. These data show that there is; a 

significant relationship between the number of tubercles and the efficiency that can be 

achieved. From the data, there are conclusive results that the 8-tubercle blade increas,es 

efficiency while the 4-tubercle blade decreases efficiency. 

2.4.3 Conclusion 

The closer the tubercles are together, the better the outcome. This correlation can be 

tied to the fluid dynamics physics that apply to tubercle-blades. If tubercles are too f.ar 

apart, the vortices that create the differentiating air pressures on the blade become 

impossible to create. To create the vortices, there cannot be large amounts of spa<:e 

between tubercles. Because the 8-tubercle blades had much Jess space between tubercles. 

they were a closer model to real tubercles. Because they were a closer model , they had ~u1 

overall increase in output 

2.5 Effect of Inclined Roof on the Aia·n ow Associated with a Wind Ddven Turbim~ 

Ventilator by Shao Ting .J. Lien & Noor A . Ahmed (2010). 

This study analyzed the effect of the inclination on roof"lop to the performMce of 

turbine ventilator. The characteristic of a woke far downstream of the body depend mainl ~ 
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on the viscous forces and not on the pressure forces and the skin friction in the boundary 

layer downstream of the bluff bodies reduces due to the effect of turbulence and mixiing 

generated by the rotating bluff bodies was examine in this study 

2.5.I Methodology 

Wind 
tunnel 

................ . ..... ...... 
. ... ........... 
. ·• .............. .............. 

... -········· .... .............. 

... ............ .. 

. . ............ .. 
.............. . ............ .. 

... ............ .. 

.. ........ .. .. 

Turbine 
venl ltator 

~ 300mm 

I 

I 
Support table 

10mm 
I 

I OOn'lm 

Figure 2.2. 1: Top view of the measuring plane 

r 

The expenment were conducted in a 76 mm diameter open return , 0.2% turbulence 

intensity open test section wind tWUlel. Wind speeds that ranged between 4 m/s and I 5 mis 

were considered sufficient for this experiment. The roughness effect of the tiles was 

ignored and a rooftop was represented by an inclined flat plate. lnclination angles of 0°. 

15°, 30° are used in the current mvestigation. The rotational speed of the ventilator was 

measured using a CDT-2000 digital tachometer with an accuracy ±0 0 I% with a resolutic1n 

of 0.0 I RPM. The manometer and the pressure transducers provided measurement in the 

range that varied from -2000 Pa to 2000 Pa with an accuracy of ±0. 1 Pa. The experimental 

setup is shown in Figure 2.2. 1 above. 
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2.5.2 Result and Discussion 

1. Effect of inclination angle on forces on a ventilator 

Based on coefficient of force at various inclination angles experiment result, 11 

shows that the inclination angle give minimum effect on the coefficient of force val ue·s. 

Consequently, the total force coefficient acting on the ventilator reduced with increases in 

inclination angle. 

11 . Effect of inclination angle on rotational speed of a ventilator 

The rotation speed of the turbine ventilator showed a linear relationship with the 

free stream velocity as shown in Figure 2.2.2. This is also a significant observation since 

the operation of these ventil ators are designed for low wind speeds and as such wi ll not 

suffer greatly from adverse effect of the high inclination angle. Thus, the lowering of 

rotation due to increasing inclination angle of roof may thus be usefully exploited to reduc:e 

wind loads and hence extend the safety margin . 
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Graph 2 2 2: Graph Rotation Speed against Vdocity 
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11 1. NormaJized static pressure di stribution on the roof 

On the inclined plane, the addition of the ventjlator imposed further pressUtre 

gradient that slowed the incoming flow even further. The presence of the ventilator whiile 

maintaining symmetrical distribution for the upstream flow as ex'-pected increase ~he 

Coefficient of fo rce. Similar trends were also observed for flows at 5 m/s suggesting that 

the Reynolds number appeared to have negligible effect on the overall pressure distributio1n. 

iv. Skin friction distribution on the roof 

From tests conducted at the two wi nd twmel speeds of 5 mis and 10 1n/s and at the 

three different inclination angles of 0°, 15°, and 30°, the skin fri ction di stributions we.re 

found to become progressively lower downstream of the ventilator. This reducrjon in skin 

fri ction values appears to be a consequence of reduced free stream velocity due to the 

momentum deficit occumng behind a bluff body. With the ventilator placed on the roof 

the skin friction distribution on the roof increased significantly with increases in the roof 

mclmation angle. 

2.5.3 Conclusion 

As the conclusion, the forces acting on the ventilator and its rotational speed were 

found to have a linear increasing trend with the free stream velocity lhat agrees well with 

published data. The total force acting on rhe ventilator as well as its rotational speed 

decrease with the increase m inclination angle and the effect is more pronow1ced at highE!r 

\.\•ind speeds. 

17 

© Universiti Teknikal Malaysia Melaka 



2.6 Experiments on the Ventilation Efficiency of Turbine Ventilators Used for 

Building and Factory by Chi-Ming Lai (2003) 

This study focused on method or design to improve the performance of turbine 

ventilator for better indoor air quaJity in future. Building and factory ventilation in Taiwan 

was referred m this joumaJ in order decrease the reliance on ai r-conditioning. The data of 

the experiment were discussed in this study. 

2.6. l Methodology 

Low-speed wi nd tunnel experiment was conducted to investigate the flow siructure 

and induced flow rates. The speed of outdoor wind is set at I 0, l 5, 20, 25, 30 mis. TES TO 

445 MuJti -funcrional ventilation/air-condiuoning detector, which is equi pped with sensors 

used to detect the environmental factors such as the wind speed, temperature and humidity 

1. Experiment l : installation enhancement of turbine ventilators 

To understand the effects of ventilator-installation on the ventilation, 3 different 

condition was imposed. 

a. Blank eKperiment (in which no venti lators are being instaJled) 

b. 0.5 m ventilator 1s bei ngstalledyet 1t is not in rotation 

c. 0.5 m ventilator rotates freely 
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11. Experiment 2 . Size effect of turbine ventilators 

VenLilators of three sizes (all without inner vanes) are used in the measurements to get 

hold of the impact the sjzes have on the ventilation they induce. 

111 . Experiment 3 : Inner vane enhancement of turbine venti lators 

To understand what impacts inner vanes have on the ventilation induced, two 

venti lators with diameter of 0.5m were used in the experiment, one with inner va111es 

and the other one without. Lastly, compare the actual results of the ventilation 

measurement with those regulated in domestic and abroad regulations to bett1e1 

understand the efficiency of ventilation with the installation of one single ventilator. 

2.6.2 Result and Discussion 

1. Experiment l 

Figure 2.2.3 shows that the installation of venrilators is indeed helpful in inducing 

airflow. However. when the ventilator was failed to move, the ventilator block the airflow 

in the connecting pipeline, and resulting an even lower ventilation rate compared to when 

there was not the ventilator. 
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Figure 2_2-3: Experiment I 

ii . Experiment 2 

The size of turbine ventilator are not really affected its performance. Figure 2 .2.4 shows 

that the rate of ventilation rate induces are not really impacted by the different of ventilator 

si zes. When it comes to the application in engineering the rate can be considered equal . 
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Figure 2.2.4: Expenment 2 
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111. Experiment 3 

The results in Figure 2.2.5 show that the effi ciency is better for ventilators with inner vanes. 

However, the difference was not significant. The di fferences on the two turbine we 

measured are not that significant in the application of engineering, which could result from 

structural factors m the flow and the imperfect shapes of the inner rotating vanes. 
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Figure 2.2.5: Experiment 3 

2.6.3 Conclusion 

The bigger the size of the turbine ventil ator is, the bigger vent ilation rate is achievecl 

l n other wo rds, a ventilator wi th the diameter of 0.5 m induces bigger ventilation rate thain 

the one with a diameter of 0.36 or 0. 15 m. However, the difference between both 

ventil ation rates is not s ignificant. Turbine ventilator with inner vanes exhausts better tham 

d1e one without. However, the difference between the two is not significant. Generally 

speaking, the size (0.5 m/0.36 m) of the turbine ventilators and the availability of inner 

vanes do not mark s ignjficant differences m the ventilation rate induced. 
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CHAPTER 3 

METHODOLOGY 

3.1 Overview 

This section wi ll focus on the stages fo r designi ng and analysis of three different 

types wind turbine ventilator blade. The procedures to carry out analys is measuremen~ 

step for settings and software used for testing the wi nd turbine ventilator blade were 

di scussed in this chapter. 

3.2 lnta·oduction 

To design a well functional wind turbine ventilator for commercial use, the device 

need to be tested and well fabricated to maxi mize its full potential and minimize 

maintenance cos t. By using ANSYS software that can be easily get from the intemet. a 

better result o f testing the designed wind turbme venti lator could be perfo rmed. This is due 

to the ability of the software to run the simulation with a mrnimum error occur. All lhe 

process and s tep to run the simulati on were stated in detai l 

3.3 Flow Cha1•t 

The flow of the methodology process of designillg and testing a wind tmb1111! 

' ennlato1 briefly sho wed step by step in Figure 3. 1. 
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SOLIDWORK MODELING 

ANSYS WORKBENCH 

IMPORT FILE 

INPUT GEOMETRY 

MESH GENERATIONS 

ANALYSIS SETUP AND SOLUTION 

Figure 3. 1: Design Process Flow Chart 

3.3. 1 SOLIDWORK Modeling 

This step explain the modeling stage of a wind ventilator turbine use for this projec1t 

We can either use SOUDWORK or ANSYS software to design part or model we wante:d 

to but for amateur user, SOLIDWORK software are more ease to work with when dealing 

with a complex design. Since the design of thi s device are quite compli cated, it actually 
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minimize the time used for modeling stage as the software were basically developed to 

focus on modeling ability compare to ANSYS software which is more to device 

simulation and analysis. figure below shows the final design of wind ventilator turbine. 

Three different blades design with different numbers of tubercle was put on a test. Features 

used for this model including boss extrude, extrude cut, circular pattern, linear pattern, and 

flex. All the detail of drawing were stated with negative fifty degree (-50°) of blades twist 

and 300 mm height. 

- • , , ,. & .. ' .. 

Figure 3.2.1 : Blade with 15 Tubercles Figure 3.2.2: Blade with 8 Tubercles 

• • • • • 

J-

Figure 3.2.3 : Blade without Tubercles 

figure 3.5 shows the dimension used for the blade tubercles in this project. Each 

tubercle have 12mm open diameter, 10.99nun height and Smrn lillet radius. After a singlle 

tubercle was measured well , the linear pattern operation from the sketch section was 

selected to produce repeated drawing along Y-a'<tS Extrude cut operation which 
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fw1ctional as the part removing option have been include in this model drawing's step to 

cut the body into required shape. 

Figure 3.2.4 : Dimension of Tubercles 

3.3.2 ANSYS Workbench 

This is a project management tool. It can be considered as the top-level interfac:e 

linking all ou r software tools. Workbench handles the passing of data between ANSYS 

Geometry, Mesh, Solver, Post-processing tools. This is a step in ANSYS workbench. 

1. Firs t, drag an analysis system (Fluid Flow (Fluent)) on the Project Schematic lays 

out a work flow, compri sing all the steps needed for a typica l analys is. 

11. Nex't, double click the icon geometry to the next step. 
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3.3.3 lmpot1 File 
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Figure 3.3: ANSYS Workbench 

--

Two common format file used to transfer a SOLrDWORK model to ANSYS are 

STEP,and IGES. Though this step seem not really important for some user, but it is crucial 

to choose the right fi le format since evecy format has it's own function and use. For this 

project, IGES format file is more preferable as advised by profess ional instructor. Besides 

that a ll learning process of Computational Fluid Dynamic(CFD) at UTEM also use the 

same type of format file. The user also can change the format file anytime they wish as 

shown in Fig ure 3.6. 

The lnitial Graphics Exchange Specification (IGES) allows digitaJ exchange of 

information among computer-aided design (CAD) systems. This type of format file 

capable o f exchanging only geometry and topolog information between different CAD 

systems. 
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3.3.4 lo put Geometry 
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Figure 3.4: Changing File Format 

Analysis of this project focus on the the wind ventilator turbine. Therefore, a te:st 

section need to be create and treat as free moving air or atmosphere around the test subject 

The step to generate the geometry of thi s condition was listed below. 

1. The first step is to drag an analysis system from the toolbox 111 ANSYS workbench. 

Geometry from component systems section was chosen. 

11. The existing SOLIDWORK model in TGES format file was imported to the geometry 

111. A warning appeared on the monitor which mention the limitation of the unit used. The 

unit meter used for this project 

1v. Enclosure was generated around the wi nd venti lator as a test section. The box which 

act as ahnosphere have a dimension of (35QO x2ooox I OOO)mm, meanwhile the sphe1re 

is 440mm in diameter 

v The solid bodies were renamed and the type of material of the body was selectt:·d 

either in solid or flu id form to avoid any error occur 1n further analysis. 
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v1. Boolean operation selected to subtract the body of wind ventilator turbine and the 

atmosphere. The body operation can be find under the create heading. 

vu. The geometry was closed and proceed to the next step named mesh. 

Figure 3.5: Wind Ventil ator Turbine Geometry 

3.3.5 Mesh Generations 

Meshing is the initial step in doing analysis of any geometry. The mesh defines the 

model for the analysis. Meshing al so wil l create a mesh o f some grid-points caJ led nodes. 

Tt is done wi th a variety of tool and options available in the software. The size of the mesh 

infl uence the accuracy of the result. Small mesh s izi ng wi ll give a better data compare to 

the bigger size. The serting of mesh were shown below including s izi ng, inflation and the 

stati stic of the mesh. 
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Sile function 
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Initial Stu Seed 
Smoothing 
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Min Siz' Default p .006320 mm) 
Maxfaoe Sin 
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Default 1121.2EO mml 
Default (1.20) 

Automatic Mesh Based ... On 

Detuturing Tolcra... Default p.l031EO mm) 

Max Dual Layers In Thi... No 
Minimum Edge length 8.53720mm 

Figure 3.6. I : Sizing Selection 

lnt1ation of the mesh used in this project was shown in FigureJ. smooth transition 

was set with transition ratio of 0.272. Maximum layers was increase from 5 to 10 and the 

growth rate is L .2 

Detai ls of "Mesh" 

+ Sizing 

)1U&l11Gn 

Use Automatic Inflation Program Controlled 
Inflation Option Smooth Transition 

Transition Ratio 0.272 
Maximum layers 10 

Growth Rate 1.2 
Inflation Algorithm Pre 
View Advanced Options No 

Figure 3.6.2: Inflation Selection 

The resuft of generated mesh for the test were shown below. Based on the stati sti1:. 

the nodes and elements generated from the model are I 04,593 and 356, 145 We need ro 

alert on the elements generated since the limit of element allowed of thi s software cannot 

exceed more than 500.000. 
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Figure 3.6.3 : Blade Mesh Figure 3.6.4: Inflation Selection 

Nodes 

Elements 
104593 _J 
356145 

Mesh Metric None 

Figure 3.6.5: Mesh Statistic 

Before proceed to setup and solution, the boundary layer of the testing model we:re 

declared as inlet, outlet, wall and turbine wal l. The named selection mostly depend on the 

case studied. The mesh was then updated and the next step can already be started. 

[8J Project 

El i1t Model CBZl 
ffi- ./liJ Geometry 
!±l .I~ Coordinate Systems 
~ Comectlons 

~Mesh 
El tti Named Selections 

~inlet 
~outlet 
~wal 
.,1~ turbine_wal 

Figure 3.6.6: Name Selection of Ventilator 
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3.3.6 Analysis Setup and Solution 

Double precision with senal processing was chosen. The test was conducted und1er 

standard k-epsilon model with standard wall function . Material used was air that have a 

constant density and viscosity of 1.225 kg/m3 and I. 789e-OS. Boundary condition was siet 

at the i11l et and the turbine wall. The solution methods used is "SIMPLE" scheme for 

pressure-velocity coupling. As for spatial discretization, the details shown in FigureJ. 

~tlal Discretization 
G'adiB'lt 

Least Squares cal Based 

PresSLl'e 

sa:ond Order 

PJbmenb..m 

5e:ond Order Upwind 

Tt.rbUB'lt Kinetic Energy 
Sa:ord Order Upwind 

TL1bul9"lt Dissipation Rate 

sa:ond oroer l.,\'.lwind 

Figure 3. 7: Setting for Spatial Discretization 

At the monitor section, the residual for all axis was fi xed to 0.001 absolute criteria 

The drag and li ft were also set to make sure the data was set during the solution stage. 

Hybrid initialization preferred for thi s case and the number of iteration was increase to 20 

It is crucial to check the number of iteration for initial ization since it may effect the 

caJcul ation of the model. Finally the calculation was nm vvi th maximwn number of 

iterations which is I 000 to ensure the calculation of the solution converged at the exac.1 

number of iterations 

31 

© Univeraiti Teknikal Malaysia Melaka 



CHAPTER4 

RESULT 

4.1 Overview 

In this study, the data and results of li ft coefficient and drag coefficient of the vvind 

ventilator turbine blade with different number of tubercles was obtained. Three cases 

condition with 15 and 8 tubercles and a blade without tubercle are tabulated and analyzed. 

The data and result simulate from the ANSYS software are compared to identify the best 

design for future development. 

.t.2 ANSYS Simulation Result and Analysis 

Computational simulation was conducted on a wind ventilator turbine blade wi U1 

variety number of tubercle Each blade will be simulated for different in let velocity from 

minimum of I mis to the maximum of 9 mis. The values of inlet elocity were aligned for 

the other two blades. Besides that, the rotational speed of the wind ventilator turbine was 

fixed to 1.6 rad/s. Table 4 . 1 shows the constant vanables used for three different types of 

blade. 
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Table 4.1: List of Constant Variables 

Variable Value 

Air density 1.225 (kg/m3
) 

Air viscosity 1. 7894e-05 (kg/m.s) 

Rotational speed 1.6 (rad/s) 

Temperature 288.16 (k) 

Ratio of specific heat 1.4 

4.2.l Simulation I Result 

This computational analysis study the effect of a wind ventilator turbine blade with 15 

number of tubercles. The material used was aluminum sjnce it was light and following the 

real situatron standard. The data and result of lift and drag coefficient of the blade from 

ANSYS solution was tabulated in Table 4.2. The solution take a minimum of 35 and 

maximum of 47 iterations before converged. 

Table 4.2: I S Tubercles Data 

Inlet Velocity (m/s) CL CD CL/CD Ratio 

1 I .8937e-06 1.8937e-06 1.00 

3 2.676 le-06 2.6761e-06 LOO 

6 3.4933e-06 3.4933e-06 l.00 

9 3,8465e-06 6.8472e-06 0.57 

4.2.1.J Coefficient of Lift 

Graph ~. I shows the relationship between lift coefficient and inlet velocity for blade 

with 15 tubercles. It can be seen that the graph experienced a sl ightly increases pattern 

With the increase in inlet velocity during the simulation , the lift coefficient also increase 
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which cause the blade work efficiently. Based on the graph , the highest lift coefficient of 

blade with 15 tubercles is 3.8465e-6 whjch recorded at 9 mis wind velocity. Meanwhile, 

the lowest is at l mis with just I .8937e-06 CL. 

CL against Inlet Velocity 
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iJ 
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-E - l.OOE 06 
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O.OOE~oo 

(I 2 10 

lnlf>t Veloetty (mis) 

Graph 4. 1: Graph of CL against Inlet Velocity ( 15 tubercles) 

4.2.1.2 Coefficient of Drag 

Detai l 1dentificat1on of drag coefficient fo r simulation I was performed in term of 

graph. Drag coefficient against inlet velocity graph shows a rise pattern of the data l11e 

increasing result can be seen from the beginning unti l the end. The drag coefficient data 

look similar to lift coefficient except at velocity of 9 mis which produced 6.8472e-06 drag, 
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Graph 4.2: Graph of CD against Inlet Velocity (15 tubercles) 

4.2.1.3 ANSYS Result 

10 

Figures below shows the ANSYS resuJt of velocity contour for blade with 15 tubercles. 

For Figure 4. I, the velocity inlet was fixed to I mis which resulting a different pattern of 

contour on the blade. As can be seen, the wind velocity increase as it flow down on the 

upper part of the blade with maxi mum and minimum of 4.944e-O I and 6. I 94e-02. 
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Figure4. I: Velocity Contour for l m/s ( 15 tubercles) 
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While for velocity inlet of 9 mis, the velocity contour was almost constant at all of the 

blade surface. Thjs situation shows that the needed velocity of wind to operate this device 

is as minimum as 5.574e-0 I. 

0 

Figure 4.2: Velocity Contour for 9 mis ( 15 Tubercles) 

4.2.2 Simulation 2 Result 

Second analysis was made by simulate the wind ventilator turbine blade wi th 8 

tubercles. The dimension of tubercle used are still the same as blade with 15 tubercles, but 

the position of the tubercles designed gave a little different in result obtain from the 

ANSYS simulation. Maximum and minimum iterations occur was 465 and 264 before 

converged. 
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Table 4.3: 8 Tubercles Data 

Inlet Velocity (mis) CL CD CLJCD Ratio 

I -4.0542e-03 -4.0542e-03 1.00 

3 -2.9630e-02 8.5785e-0 I -0.03 

6 -1 .2093e-O I 3.442e+OO -0.04 

9 -2 .6332e-0 I 7.6969e+ OO -0.003 

4.2.2.1 Coefficient of Lift 

CL against In let Velocity 

vOCE- 00 

·5 OOE-:~ 

·! >: E-Jl 
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-;:.0.:E-IL 

! S~E-v! 

Graph 4 .3: Graph of CL against lnlet Velocity (8 tubercles) 

By referring the Graph 4 3 above. 1t can conclude that the coeffi cient of lift for tlhe 

blade havi ng 8 number tubercles. The data steeply plunged from the minimum wind 

velocity of I mis to the peak inlet velocity o f 9 m/s. This situation maybe affected by an 

error s ince it does not fo llowing the engi neeri ng princi ple. 
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4.2.2.2 Coefficient of Drag 

According to the data plotted in Graph 4.4, the drag coefficient seem to grow up as the 

inlet velocity surged. The maximum drag coefficient produced was 7.6969e+OO at 

maximum inlet velocity. The starting point of the graph was -9.844e-03 of drag coefficient 

at 1 mis inlet velocity. 

CD against Inlet Velocity 
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Graph 4.4: Graph of CD against lnlet Velocity (8 tubercles) 

4.2.2.3 ANSYS Result 

Figure 4.3 and 4.4 shows the velocity streamline on blade wi th 8 tubercles at 

different inlet velocrty which is I mis and 9 mis. At 1 mis inlet wind velocity, the 

maximum needed to rotate the blade was 7.284e-OO I. As can be observed, the wind mostly 

hit the outer part of the blade which resulted a reverse rotation of the blade. At the oth1er 

hand, at 9 mis inlet wind velocity, the 3 373e+o0 of wind velocity mostly hit the 111J.et 

surface of the blade. 
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Fig ure 4.3: Velocity Streamli ne for I mis (8 Tubercles) 
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Figure 4.4: Velocity Streamline fo r 9 mis (8 Tubercles) 

4.2.3 Simulation 3 Resu lt 

The las t blade of wind ventilator turbine wi thout a tubercles was put on a test. The 

result of the simulation was record according to the ANSYS solution data. The solution 
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need 73 to 109 iterations to converge the solution. The time taken to converge the resuJt 

depends on RAM of the computer. 

Table 4.4: Without Tubercles Data 

Inlet Velocity (m/s) CL CD CL/CD Ratio 

l -7.9927e-03 l .0544e-Ol -0.08 

3 -7.4862e-02 9.3861e-01 -0.08 

6 -3.473 l e-OI 3.7262e+-00 -0.09 

9 -6. 8543e-O I 8.37 10e+o0 -0.08 

4.2.3. t Coefficient of Lift 

For the blade without tubercle, the graph of lift coefficient plotted was gradually 

dropped from -7.9927e-03 to -6.8543e-OI. The negative sign of the lift coefficient 

represent the direction of air separation when hitting the edge of the blade. 

CL against Inlet Velocity 
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_J 
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~ 
l: 4 OOE 01 :t:: 
c. 
.:; -5.oot-O l ... 
:!:: _, 

-6.00E 01 

] ooc 01 

-~OOE-Ol 
l11le1 Velo<;ity (m/s) 

Graph 4.5: Graph of CL against Inlet Velocity (without t ubercles ) 
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4.2.3.2 Coefficient of Drag 

The relationship between drag coefficient and inlet velocity for simulation of blade 

without tubercles slightly rose. The greater drag force produced with higher inlet veloci,ty 

provided which mean the device having difficulty to rotate. 

9.00EK!O 

8.0CE~O 

r 7.00E· OO ..... 
c 6.00E-00 
llJ 
~ 500E-OO 

1 4 00£-00 

~ 300E+OO 
~ 
e> 2.00E-00 

l.OOE+-00 

O.OOE~O 

0 

CD against In let Velocity 

2 4 6 

Inlet Velocity (m/s) 

8 

Graph 4.6: Graph of CD against fnlet Velocity (wi thout tubercles) 

4.2.3.3 ANSYS Result 

10 

Based on observation that can be made from Figure 4.5, the maximum and 

minimum of forces that was experienced by the blade were 9.497e-00 I and 3. I 66e-OO I fo1r 

1 m/s wind inlet velocity. Meanwhile for 9 mis inlet velocity, the maximum and minimum 

forces recorded were 5. 759e+OO and 2.879e+OO . 
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Figure 4.5: Velocity Streamline for l mis (blade without tubercle) 
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Figure 4.6: Velocity Streamline for 9 mis (blade without tubercle) 

4.3 Analysis 

The analysis of this project was made based on the resu lt of three different blades 

simulation. All impo rtant data was listed in detail to ease the analysis for all the simulation 

result. A s light differences can be obtained from Table 4.4 below. 
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Table 4.5: Data for Three Different Blade 

lnlet 15 Tubea·cles 8 Tubercles Without Tubercles 

Velocity CL CD CL CD CL CD 
(mis) 

l I .8937e-06 1.&937e-06 -4.0542c-03 -4.0542e-03 -7.9927e-03 l.0544e-O I 

3 2.676 lc-06 2.676 1e-06 -2.9630c·02 8.5785c-O l -7.4862e-02 9.386 le-OI 

6 J .4933e-06 3.4933c-06 - I .2093e-O I 3.442c+OO -3.4731e-Ol 3.7262e+OO 

9 3.8465c-06 6.8472e-06 -2.6332c-Ol 7.6969e+OO -6.8543e-O I 8 3710e+CIO 

Rough observation can be made upon the data recorded. ln term of coefficient of Ii ft 

for three type of blade, the pattern for 15 tubercles blade shows an impressi ve rise along 

with the increase of inlet velocity. In the other hand, the graph of blade with 8 tubercl es 

and without tubercles seem to be in opposite result. This phenomena can be related to the 

reverse direction of the wind. 

For the coefficient of drag, al l of the three simulation experiencing a greater drag at 

the highest inlet velocity based on the graphs shown before. The peak drag coefficient of 

blade 15, 8, and without tubercles are 6.8472e-06. 7.6969e+OO and 8.371 0e+OO. This ma~ be 

affected by the geometry of the wind ve111ilator l1irbi11e itself as lhe cross-se<:tional shape of an 

object dctcm1ines the fonn drag created by tbe pressure Yariation around the object. 

The ratio of lift and drag coefficient also need to be considered. As can be seen the 

highest ratio was 1.00 while the lowest was -0.003. Based on calculation made, blade wit·h 

I 5 tubercles shows a quite consistent result compare to the other two cases. 
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CHAPTER S 

CONCLUSION AND RECOMMENDATION 

The development of a wind ventilator turbine should be more emphasized on its design 

and geometry in order to maximize its full potential even in low wind speed. lt ts crucial 

for the device to have a great blade design which can easily adapt with the natural 

conditions, The number of tubercles on the blade give a great impact in term of drag and 

lift coefficient. The more the tubercles along the blade edge, the better the outcome of drag 

and Ii ft force produced. This correlation can be tied to the fluid dynamics physics that 

apply to tubercle-blade. The present of the tubercle actually help to generate more lift and 

less drag before stall ing occurred. Since the 15 tubercles blade had much more tubercles, 

they were a closer model to real tubercles Therefore it had an overall increase in output 

compare to blade with 8 tubercles and wi thout tubercle. 

When a solid body is moved through a fluid, the fluid resists the morion. The object is 

subjected to an aerodynamic force in a direction opposed to the motion which called drag. 

There are many factor that may lead to the increase of drag including the object geometry , 

motion of the air and properties of the air. As the wind velocity increase, the drag als.o 

increase. The drag occuned can be reduced by controll ing the air viscosity and i1ts 

compressibility during the simulation made by ANSYS software for all model. 

TI1e effectiveness of a blade al so measured based on the ratio of lift and drag 

coefficient. The ratio is the amount of lift generated by the blade, divided by 

lhe aerodynamic drag it creates by mo\ing through the mr The higher value of this ratio 

indicate the better performance of Lhe blade. Therefore, 1t was proven that the higher the 

munber of tubercles on the blade. the better 11s performance since Lhe data for simulation 

give an co11sistent value of !in and drag ratio 

1l 

© Universiti Teknikal Malaysia Melaka 



REFERENCES 

1. Loz Blain (2008). Bumpy whale fins set to spark a revolution in aerodynamjcs. 

Retrieved from: hnp://newatJas.com/bumpy-whale-fins-set-to-spark-a-revolution-in

aerodynamics/9020/. 

11. Yung Ting, Hariyanto Gunawan, Amelia Sugondo, Kun-Lin Hsu, Jyh-Tong Teng 

(2010). "Analysis and Design of Roof Turbine Ventilator for Wind Energy Harvesf' 

Chw1g Yuan Christian University. 

111. Maz:ran Ismail l & Abdul Malek Abdul Rahman (2012). "Rooftop Turbine Ventilator. 

A Review and Update". Universiti Sains Malaysia, Penang, Malaysia. 

1v. Effect of Inclined Roof on the Airflow Associated with a Wind Driven Turbine 

Ventilator by Shao Ting J. Lien & Noor A. Ahmed (2010). 

v, Experiments on the Ventilation Efficiency of Turbine Ventilators Used for Building 

and Factory by Chi-Ming Lai (2003). 

v1. The Development of a New Type Rooftop Ventilator Turbine by Ming Chun Hsieh. 

David King Jair, Huann Ming Chou (20 l3) 

vu. Wind-Driven Roof Turbines: A Novel Way to Improve Ventilation for TB lnfection 

Control in Health Facilities by Helen Cox, Rod Escombe, Che1yl McDermid, Yolanda 

Mtshemla, Tim Spelman, Virginia Azevedo, Leslie London (2012) 

viii . Field Study On The Ventilation Performance of The Hybrid Turbine Venti lator (HTV) 

in The Tropic by Mazran fsmail , Abdul Malek Abdul Rahman , Mohd.Rodzi Is1m:11 I 

(2009) 

45 

© Universiti Tekni<al Malaysia Melaka 



1x. TI1e Development of a New Type Rooftop Ventilator Turbine by Ming Chun Hsieh, 

David King Jair, Huann Ming Chou (2012) 

x. The Tubercles on Humpback Whales' Flippers· Application of Bio-Inspired 

Technology by Frank E. Fish.Paul W. Weber.Mark M. Murray, and Laurens E. Howle 

(20 l l) 

x1. Li ft and Drag by David Levin and Dan Hart (20 I 0) 

© Universiti Tekni<al Malaysia Melaka 




