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WHAT IS VENTILATION?
- Is a process of circulating air in an enclosed area with atmosphere 
through stack effect. (Khan et al., 2008)
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Source (Figure 1): https://www.windowmaster.com/solutions/natural-ventilation/passive-ventilation
Source (Figure 2): https://www.indiamart.com/proddetail/stack-effect-architectural-services-7147264930.html

Figure 1: Ventilation Process Figure 2: Stack Effect

https://www.windowmaster.com/solutions/natural-ventilation/passive-ventilation
https://www.indiamart.com/proddetail/stack-effect-architectural-services-7147264930.html


BUOYANT FORCE
- Fluid with higher temperature, will have a lower density and rises up

2/31

Figure 3: Buoyant Force Figure 4: Convection Current in Building



HEAT SOURCES IN BUILDING
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Human Electrical Appliances Radiation From Sun 
Through Windows

Cooking Appliances



1. To design measurement techniques and further fabricate the 
experimental setup

2. To determine flow coefficient, Cf of the natural ventilator at different 
tilting angles

OBJECTIVES
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1. The experimental will be executed at 0-6 m/s of wind speed using 
MD UTV 24’’ fully aluminum construction spherical turbine 
ventilator 

2. Experiment setup will be following Australian/New Zealand Standard 
4720:2000

- 5 Velocities for each testing setup (for every angle of attack)
- Follow the experimental setup provided

SCOPES
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WHY THIS TOPIC?



IMPORTANCE OF VENTILATION?
1. Important to keep enclosed breathing area with fresh and good 

quality air in which no known contaminants are present in harmful 
concentrations. (Oakley, 2002)

2. More than 8000 chemical species have been identified in the indoor 
environment (Dichloroethane, Formaldehyde, Nitrogen Dioxide, etc) 
(Awbi, 1991)

3. Without ventilation, the effects are excessive humidity, 
condensation, overheating and build-up of odors (Khan et al., 2008).
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WAY OF INSTALLATION

7/31

Source (Figure 1): https://www.indiamart.com/proddetail/natural-turbo-air-ventilator-15801340912.html
Source (Figure 2): Australian/New Zealand Standard 4740:2000

Some turbines are installed at an angle and some 
perpendicular to the ground

Figure 1: Ventilator Installed at an angle Figure 2: Ventilator Installed at 
perpendicular to ground

https://www.indiamart.com/proddetail/natural-turbo-air-ventilator-15801340912.html


DIFFERENT AIRFLOW BEHAVIOR
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Airflow

Airflow

Airflow



STRUCTURE OF TURBINE 
VENTILATOR

Image source: https://www.shirokoi.org
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AIRFLOW THROUGH 
TURBINE VENTILATOR

Source: Canplas.com
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HOW DOES IT WORK?

Source: Canplas.com

1. Hot air are accumulated in the attic

2. Hot air from attic flows through the turbine blades to outside of the house 
and rotates ventilator even with absence of breeze air

3. Presence of breeze air which pass through the turbine ventilator will rotate 
the turbine blades even faster

4. Negative pressure will be generated inside the turbine ventilator hence 
increase the flow rate of ventilation
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WIND DRIVEN 
VENTILATOR

TURBINE 
VENTILATORS

(ACTIVE & PASSIVE)

ROTATING CHIMENY 
COWL (PASSIVE)

ECO POWER (ACTIVE)

VERTICAL AXIS WIND 
EXTRACTOR (VAWTEX) 

(ACTIVE & PASSIVE)
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Source : https://www.breezsol.com/product-
category/ventilation/roof-ventilation/

https://www.breezsol.com/product-category/ventilation/roof-ventilation/


EXPERIMENTAL SETUP
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Source: Australian/New Zealand Standard 4740:2000 



EXPERIMENTAL SETUP
Experiment 1
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EXPERIMENTAL SETUP
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Experiment 2



PARTS & COMPONENT

4 Pressure 
Tappings

Plenum 
Chamber

Orifice

Turbine Ventilator

Flow Straightener

Centrifugal 
Fan

Variable speed 
fan

Stage
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Variable Speed Fan
- Act as breeze air to drive turbine ventilator and should able to produce 5 

different velocity

Optical Tachometer 
- Used to measure the rotational speeds of the turbine ventilator 

Centrifugal Fan
- Act as intake air from ambient into planum chamber
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PARTS & COMPONENT



Orifice
- To measure the velocity of airflow from the centrifugal fan into the 

planum chamber refer to ISO 5801 for conical inlet arrangement & 
AS2360.1.1 for orifice arrangement

Plenum Chamber
- To force fresh air from atmosphere into a chamber to be ventilated, in 

which the pressure in chamber is slightly higher than atmospheric 
pressure [4]

Pressure Tappings
- To measure the average pressure inside the plenum and balancing 

chamber
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PARTS & COMPONENT



• Minimize contact with the fast-
moving moving fluid stream going 
through the hole

• RE = 20,000 – 10^7 (for pipes 
under six inches)

• May be installed in either direction

Source: [6]

ORIFICE PLATE SELECTION
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CONCENTRIC PLATE



EXPERIMENT 1 SETTINGS
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Parameter Settings

Wind Speed (0, 1, 2, 3, 4, 5, 6) m/s

Orifice Concentratic Plate

Tilting Angle 0, 5, 10, 15, 20

Source of Turbine Rotation Air Breeze

Parameter Settings

Wind Speed (0, 1, 2, 3, 4, 5, 6) m/s

Orifice Concentratic Plate

Tilting Angle 0

Source of Turbine Rotation Motor Driven

EXPERIMENT 2 SETTINGS



FLOW COEFFICIENT

𝑉𝑣, Velocity through 
test specimen

𝑉𝑖, Velocity of free 
field Incident on 
ventilator
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𝑄 = 𝐶𝑓𝐴𝑜
2∆𝑃

𝜌

Where: 

𝐶𝑓 = Obtained from experiments and is tabulated in reference books; it ranges from 0.6 to 0.9 for 
most orifices / ß ratio

𝐴𝑜 = Area of orifice

∆𝑃 = Pressure difference between two locations before and after orifice

𝜌 = Density of fluid

CALCULATION VOLUME FLOW RATE
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Literature Review
Experiment Setting 

Planning
Setup of Wind 

Simulator

Setup of Orifice
Setup of Optical 

Tachometer
Setup of Orifice Meter

Setup of Wind Turbine 
for Experiment 1 & 2

Experiment Validation
Experiment & Result 

Acquiring

Research Flow Chart



TASK/WEEK 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

First Meeting with Supervisor

Filling UGP Forms

Case Study

Literature Review

Presentation to Supervisor
Designing Measurement Technique

Report Writing
Fabrication of Experimental Setup

Validation of Experimental Setup

Gantt Chart
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Preparation for Seminar Presentation

Print Report

Seminar Presentation

Submission of Log Book

Report Submission to Supervisor

Repairing Report

Report Submission to Faculty

TASK/WEEK 14 15 16 17 18 19 20
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Q&A SESSION



APPENDIX



1. Fluid will increase in pressure a little bit when closer to orifice and will drop suddenly when pass 
through the orifice

2. The pressure continue to decrease until it reach “vena contracta” then starts to increase gradually

3. Beta Ratio for gas fall between 0.2 - 0.7 (best result 0.4 – 0.6)

Source: [5]

ORIFICE





NECK OF TURBINE VENTILATOR

Slope Roof Mounted Base
Can be used for small, 
medium and large area

Flexible Adaptable Throat
Better Water resistance 
and customized for 
specific tilting angle

Cylindrical Adjustable Base
Easily adjusted to fit roof 
angle



EXPERIMENTAL SETUP ON PROGRESS

PRESSURE TAPPINGS

TURBINE VENTILATOR 
WITH MOTOR

ORIFICE SETUP

OPTICAL TACHOMETER



TYPES OF ROOF


