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Abstract— Ventilation in buildings is a complex 

phenomenon. The potential systemic differences in 

performance of natural, exhaust and mechanical ventilation 

in dwellings is the object of relentless debate among 

scientists, industry and policy makers, although comparisons 

found in literature often fail to compare the different systems 

on an equal basis. The issue of Testing, Adjusting and 

Balancing (TAB procedure) of air distribution systems is 

characterized by growing interest as a result of the increasing 

use of HVAC systems and the related level of expected 

performance. Also the pressure-loss coefficient for a duct 

junction of square cross-section was determined using 

computational Fluid dynamics (CFD). 
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I. INTRODUCTION 

The use of air distribution systems in buildings in order to 

assure thermal comfort and air quality is quite widespread. 

But the ever-increasing needs in terms of Indoor 

Environment Quality and in terms of energy efficiency 

(ventilation rate and heat recovery) could boost both new 

and retrofit installations of ducted air systems in buildings. 

The main function of air ducting is to satisfy the flow rates 

specified at every terminal for air diffusion in each air space 

or room and exhaust air from the same spaces. However, the 

air ducted systems should achieve the highest efficiency 

avoiding any energy waste that could arise from 

unnecessary air flows, air leakages and penalties due to 

pressure drops and non-optimal fan operation. Therefore, 

any deficiency in the air system (at design stage, during 

construction, in the O&M phases) not only will directly 

affect the basic requirements in the terms of thermal comfort 

and air quality in the occupied space but also will be 

detrimental in terms of energy efficiency. In fact air duct 

systems in buildings could be very complex and expensive, 

and they are one of the major electrical energy consumers in 

residential, commercial and industrial and buildings. 

Ducting system has many constraints such as low acoustic 

noise level, minimal heat gain or loss, no external water 

vapour condensation, good fire resistance and good strength 

to resist duct deformation. The main function of ducting is 

to satisfy the airflow rates for each terminal for air diffusion 

in each air space or room. HVAC air duct systems are one of 

the major electrical energy consumers in industrial and 

commercial buildings. A poor duct design will lead to 

wastage of energy and material which will increase Life 

Cycle Cost (LCC).  

II. PROBLEM STATEMENT 

To study the losses at the air duct junctions, Non-Iterative 

Method For Testing, Adjusting And Balancing Sizing And 

Balancing Of  the Air Ducts, Natural Ventilation for Passive  

Cooling, Optimization Of  Design Flow Rates. 

III. OBJECTIVES 

There are mainly 3 objectives, they are as follows: 

 To Mainly determine losses in ducts,  

 To study the TAB procedure, 

 To Optimize the  Design  flow  rates,  

 The Balancing systems and ventilation in buildings. 

IV. EXPERIMENTATION 

A. Federico Pedranzini, Luigi P.M Colombo, [1] 

The Testing, Adjusting and Balancing (TAB), has 

consolidated  as  the  HVAC  subject   encompassing know 

how,  process  or  service   applied  to  achieve method and 

document air flow rates. 

B. Adjusting 

The term “adjusting” refers to varying of system flow by 

modifying the setting of dampers, in combination with 

varying fan speeds to obtain optimum operating conditions 

for the whole system. 

C. Balancing 

The term “balancing” refers to proportioning of air flows 

through system i.e., sub-mains, branches, and terminal 

devices, by adjusting a terminal device, a damper and/or the 

fan speed, in order to obtain specified airflow while 

imposing the least amount of restriction on the HVAC 

system. 

D. Testing 

The “testing”, in this framework, consists of air-flow 

measurement techniques and procedures. 

Iterative Method is also known as ratio method and 

is comparatively long procedure than the Non-Iterative 

Method. 

Execution of NON-Iterative Method: 

 
Fig. 1: Network Representation Of Generic Branch 

Thus, the flow rate is given by, 

 
It is evident that the flow rate can be increased by 

Increasing RD, acting on ϑB, 2, instead of lowering which is 

already minimum. It can be noted that R3 action on ϑB, 2 

allows to keep unchanged all the damping openings already 

set in the procedure. 
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Fig. 2: Schematic layout of the reference air distribution   

network and overview of test facility 

No of steps Involved in Non-Iterative Method = 10 

 
Fig. 3: TAB steps by the progressive flow method 

In their work they have concluded that the 

proposed method, referred to as “Progressive Flow 

Method”, represents an alternative to the nowadays-adopted 

procedures. The method has been developed theoretically 

and experimentally validated. 

The measurements and simulations performed on a 

reference circuit have confirmed that the use of the 

‘Progressive Flow Method involves the following 

advantages, they are as follows: 

It consists of a non-iterative procedure the number 

of operations does not depend on the required tolerance or 

operator ability to predict the plant behavior following to 

any action on the dampers. 

The balancing is carried out for each terminal 

directly to the design flow. It is not necessary to move 

probes back and forth. 

GuohuiGan, Safa.B.Rifat[2], Computational Fluid 

dynamics was employed to predict the air flow pattern and 

pressure distribution in the duct and junction pressure-loss 

coefficient. A commercial CFD package, FLUENT, was 

used for the predictions. In FLUENT, equations for the 

conservation of mass, momentum and turbulence scales are 

solved using the control volume method in a three-

dimensional body- coordinate system. 

 
Fig. 4: Schematic Diagram Of Duct 

Pressure-losses due to combining and dividing 

flows arise mainly from flow separation and subsequent 

turbulent-mixing. The junction pressure-loss coefficient is 

affected by the duct geometry, flow ratio and flow regime. 

Provided that the Reynolds number of the flow in the leg 

carrying the total flow is greater than 104, it is of little 

consequence that the Reynolds number may be in the 

laminar region in one of the other legs. 

 
Fig. 5: Predicted pressure distribution along the duct 

In their work they have concluded that, the 

numerical predictions show that CFD can produce 

reasonable values of the pressure-loss coefficient for duct 

junctions of combining flows. For dividing flows, further 

development of the software is needed to improve the 

stability of the predicted flow-patterns for the given flow 

ratios. The junction pressure-loss coefficient is dependent on 

the flow ratio. For combining flows, the coefficient for a leg 

increases with the proportion of flow it contributes to the 

total flow. 

J. Laverge, A. Janssens,[3] The results presented in 

this paper are based on airflow simulations. These were 

executed in the multi-zone airflow simulation package 

Contam, which takes effects of buoyancy, wind and fan 

pressure into account. The validation of multi-zone 

ventilation models against e.g. tracer gas measurements is 

well documented in this literature. In this paper, two 

building geometries are considered: a flat in a 6 storey 

apartment building and a detached house. 

 
Fig. 5: Floor plan of the detached dwelling 
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The ventilation scheme used in both dwelling 

geometries is based on the sizing rules put forward in the 

Belgian residential ventilation standard. A design fresh air 

flow rate of 1 l/s*m2 for each occupied space. For kitchens, 

bathrooms and service rooms, a minimum design flow rate 

of 14 l/s should be taken into account. The design flow rate 

for a toilet is 7 l/s. The occupied spaces and the wet spaces 

should be connected to each other or via circulation spaces 

by transfer grilles sized at 7 l/s at 2 Pa pressure difference 

which corresponds to 70 cm2, except for the kitchen, in 

which the transfer grille should be sized twice as large. For 

natural and exhaust ventilation systems, supply trickle 

ventilators and exhaust grilles should be sized at the design 

flow rate for that space at 2 Pa pressure difference. 

 
Fig. 6: Contam sketch of the flat 

In their work they have concluded that, both the 

differences in optimal performance of the natural 

ventilation, the simple exhaust ventilation and the optimal 

performance was defined as the best achievable indoor air 

quality for a given ventilations heat loss or vice versa. 

Exposures to carbon dioxide, to humidity and to odour were 

used as indoor air quality assessment parameters. Heat loss 

through mechanical flow rate, adventitious ventilation and 

infiltration were considered part of the total ventilation heat 

loss. 

F. Flourentzou, J. Van der Maas,C.-A. 

Roulet[4],For summer natural ventilation, engineers and 

architects are interested to know if the ventilation rate is 

sufficient to extract pollutants or heat from a given space. 

The simple Bernoulli model is used to determine the 

influence of the size and position of openings on the natural 

ventilation of buildings. The position of the openings in 

relation to the NPL to achieve efficient cooling is also 

discussed. 

Temperature differences between outdoors and 

indoors cause density differences and therefore pressure 

differences. When the inside temperature is higher than the 

outside temperature, the pressure distribution over the 

building height qualitatively takes the form shown in 2. In 

this case, incoming air flows through the openings below the 

NPL and outlet air through the openings above it. The height 

at which the interior and exterior pressures are equal is 

called the neutral pressure level (NPL). znpl is the distance 

of the NPL from the reference level. 

 
Fig. 7:  In-out stack pressure difference for different 

Opening configurations. 

In their work they have concluded that, the purely 

stack driven ventilation can efficiently be used in buildings 

with more than one storey for night cooling natural 

ventilation. The outlet opening should be at the highest point 

of the building and it should have a large opening area. The 

outlet opening surface area on the top should be calculated 

so that the NPL be above the highest level to be cooled. The 

experiment performed on site in a real building confirms 

laboratory experiments found in the literature. The air 

velocity and the tracer gas air flow rate measure conducted 

to determine the discharge coefficient give the same results 

with the same uncertainty. The velocity coefficients ϕ = 

0.7± 0.1 and jet contraction coefficients ε = 0.85±0.1 found 

in the experiments are in agreement with the generally 

accepted value of the discharge coefficient Cd = ϕ ε = 

0.6±0.1. Depending on the problem to be solved, simple 

models for natural ventilation can give more valuable 

information to the designer. 

Robert W.Besant,[5],T-method incorporates life 

cycle cost. This method requires many computations, which 

makes the non-cost optimizing techniques more attractive to 

the designers .The initial Duct sizing, Pressure 

Augmentation And Size Augmentation (IPS) method has the 

potential to reduce ducting system life cycle costs and the 

time it takes to design them.The method is an LLC 

optimizing method. It consists of three main steps ducting 

system condensation, fan selection and system expansion. 

T-Method is the most widely used optimization 

approach in air duct design, this method does not address 

constraint dealing with standard duct sizes very well. These 

constraints are relaxed at the start throughout the design 

process and is incorporated at the end through the use of 

heuristic. Provided for larger numbers of duct components 

this method does not ensure the optimal design of the ducts. 

The process of system condensation and expansion requires 

many computations. 

The IPS method eliminates the need to condense 

and expand the system. This approach also avoids usage of 

heuristic by choosing a standard size based on optimal LCC. 

The initial sizing of the duct can be done using different 

types of equations which are discussed in an excellent 

manner in this research paper. 

Pressure balancing is one of the most important 

parameter during the designing of ducts. Balancing can be 

achieved by the pressure drop among each of the flow paths. 

Usually the ducts are not balanced, in such situations the 
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ducts must be modified to ensure an acceptable pressure 

balance. Balancing of pressure requires highly skilled 

personals. 

IPS method is capable of determining the optimal 

design while avoiding the tedious mathematical calculations 

associated to the T-Method. 

In their work they have concluded that, the need for 

a simple design methodology that enables the design of 

economically efficient by the use of continual design 

methods that do not consider cost factors. In this article the 

IPS method for duct design is presented and its use is 

illustrated by solving some simple problems and comparing 

the design selections with the T-Method. A new algorithm 

for pressure balancing eliminates guessing or the need for an 

analytical solution. With the IPS method the overall fan 

efficiency must be known or assumed but the final fan 

should be selected after the pressure balancing of the whole 

system and it is calculated for least LCC design.    
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