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ABSTRACT 

Fabric air duct (FAD) systems are the most practical, and alluring approach to 

uniformly appropriate heated or cooled air all through vast open inside regions. Subsequently, 

this work will enhance the design and adjust of FAD systems by computing friction factor for 

every diameter utilized. The utilized FAD is produced using similar sort of polyester 

permeable texture air duct. After calculating the friction factor for every diameter used, the 

relation between it and other factors like diameter, discharge, velocity, Reynold number, the 

length can be experimentally studied. Controlling these parameters we can accomplish 

balance and design of FAD systems. FAD has been experimentally studied with several 

Reynold numbers for air flow. The diameters were changed (D= 20, 25, 30, 35, 45, 60 cm). 

The generated Reynold number was changed from 1x10
5
 to 22x10

6
. All data are taken at 

constant temperature (lab temperature). 
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NOMENCALTURE 

f   Friction factor, dimensional less 

D Hydraulic diameter of fabric duct, m 

FDRe  Fabric duct Reynolds Number, dimensional less  

       Ɛ           Roughness of surface of fabric duct, m  

L Fabric duct length, m   

FDV  Mean velocity in fabric duct, m/s 

  Density, kg/m3  

v  Kinetic air viscosity, m
2
/s 

Pv  Dynamic pressure, Pa 

FDQ  Fabric duct air discharge, m
3
/s 

FDP  
Pressure drop in fabric air duct, FDP =Pout-Pin   

Pout Out static pressure at the end of fabric air duct, Pa  

Pin Inlet static pressure at the end of fabric air duct, Pa 

accuratef FD
 Accurate friction factor, measuredfaccuratef FDFD 947.0  

measuredfFD
 Measured friction factor, dimensional less 

 

 

Introduction -1 

Fabric air duct (FAD) systems are the most financially savvy, and appealing approach to 

equitably circulate heated or cooled air all through extensive open inside ranges. FAD 

systems are pressure extended plenums where the duct is pressurized.  

FAD system doesn't use customary diffusers or grilles, they required close to nothing, 

assuming any, adjusting normally, the system is just adjusted at the AHU or FAD system. 

Consequently this work will improve the design and balance of FAD systems by comparing 

calculated friction factor for every diameter in the same type of polyester porous fabric air 

duct and have the friction factor to the FAD and the relation between it and other factors like 

diameter, discharge, velocity, Reynold number, length of an experimental study. But most of 

the works on this subject have been done by numerical methods and relatively few 

experimental studies have been carried out. 
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Recently, an investigation of the effect of friction factor has become a subject of 

interest to most of the researchers and they have studied the parameters affect it which also 

affects the fabric air duct balancing and control these parameters. But most of the works on 

this subject have been done by numerical methods and relatively few experimental studies 

have been carried out. 

The research presented in  

Leverette et al. [1] Executed a test program to consider the pressure and velocity variations 

longitudinally along fabric air dispersion systems. The objective of these tests was to infer 

and tentatively confirm a numerical model to precisely anticipate these qualities with a 

specific end goal to help in the outline of new frameworks.  

Wang et al. [2] Concentrated on the air appropriation qualities framed by fabric air 

dispersion system (FADS) are researched by representation explore in a full-scale room. The 

air flow structure of FADS was introduced and confirmed by this trial, and contrasted and the 

customary wind current examples.  

Weaver et al. [3] Considered tentatively airflow pressure losses through unbending metallic 

and non-metallic flexible ducts and proposals to enhance the rating of flexible ducts were 

made as a component of this study.  

Nielsen et al. [4] Concentrated on investigations with air dispersion in rooms created by a 

low drive material terminal are contrasted and the air appropriation acquired by blending 

ventilation and removal ventilation.  

Gladyszewska-Fiedoruk, Katarzyna, et al. [5] Displayed ideal aerates and cools in working 

environments to give the prerequisites to mechanical ventilation frameworks consistently 

progressed.  

Chen, Fujiang, et al. [6] Found that no current diffuser models might be utilized to 

successfully portray the fire, air dispersion system (FADS), another ventilation terminal made 

of polymer.  

Chen, Fujiang, et al. [7] Studied fabric air dispersion system (FADS), as a ventilation 

terminal, can make a spotless and agreeable indoor environment.  

Montecinos, C., And K. Wallace Jr. et al. [8] considered the summed up method for the 

estimation of the pressure drop along passages is by utilizing Atkinson's condition.  
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Neveril, Robert B., And Herman F. Ringers. et al. [9] Considered trial tests to decide the 

pressure drop qualities of 20- inch diameter, 4-mil thick, polyethylene tubing and both 

industrial facility and sanctuary manufactured 90-degree elbows.  

Hao, Li, et al.[10] Represented the indoor warm situations by using pure porous fabric duet 

system and orifice & porous fabric duct system in a large space were measured. The PMV 

and DR (draft of cool air supply) were computed.  

GEBKE, K., And J. RAMOS et al [11] Presented discusses a range of air pressure aspects 

as they relate to models of Textile Air Dispersion (TAD) systems with and without an inside 

edge.  

TSI Application et al [12] Developed traversing a round duct utilizing the log-Tchebycheff 

strategy, the pipe is partitioned into concentric circles, each containing the equivalent zone.  

AI, Z. T., And C. M. Mak. et al. [13] talked about The precise forecast of weight 

misfortunes crosswise over accept fittings is of noteworthiness in connection to the 

estimating exactness and great vitality proficiency of air-conveyance frameworks.  

Von Bernuth, R. D. et al. [14] Utilized the Blasius condition which has been checked by 

numerous analysts and has been as of late appeared to work exceptionally well for little 

distance across plastic pipe can be consolidated with the Darcy-Weisbach condition to give a 

basic and exact condition written as far as stream rate, pipe length, and pipe breadth. 

Belkacemi, Khaled, and Arthur D. Broadbent et al. [15] Studied Air flow through the 

fabrics at relatively at generally high differential weights both tentatively and hypothetically.. 

McKeon, B. J., M. V. Zagarola, and A. J. Smits. et al.[16] Concentrated on The friction 

factor relationship for high-Reynolds-number completely created turbulent pipe stream is 

examined utilizing two arrangements of information from the Princeton Super pipe in the 

range 31×103 _ReD _35×106.  

Gierzak, John B. et al.[17] Found that for a considerable length of time channel liner was 

only made out of a sinewy glass tangle for a sweeping (fiberglass).  

Abushakra, Bass, Iain S. Walker, and Max H. Sherman et al. [18] Exhibited An 

exploratory study to assess the pressure drop qualities of private conduit framework parts that 

are either not accessible or not, completely (in some cases mistaken) portrayed in existing 

pipe outline writing.  
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Patel, V. C., And M. R. Head. et al.[19] Spoke to estimations of skin grinding and mean-

speed profiles have been made in completely created streams in funnels and directs in the 

Reynolds number range 1000 < Re < 10000.  

Babaarslan, O., and Kaynak, H. K. et al.[20] Considered the air penetrability properties of 

firmly woven polyester microfilament fabrics. By expanding the weight drop values on the 

test gadget, it is meant to watch the air porousness by expanding velocity.  

2- Scope and objectives 

The main aim of our study is to experimentally investigate the friction factor of the 

tested fabric air duct and have a relation between it and the other parameters affect it like 

velocity, discharge, duct diameter, duct length, Reynold number thus through only selected 

one type of polyester but have many diameters. By making control of these parameters we 

can make balance and design of FAD systems. FAD has been experimentally studied with 

several Reynold numbers for air flow. The diameters were changed (D= 20, 25, 30, 35, 45, 60 

cm). The generated Reynold number was changed from 1x10
5
 to 22x10

6
. All data are taken at 

constant temperature (lab temperature).This work will get many relations between  

parameters which are very important to make balance in the FAD system like velocity, 

discharge, duct diameter, duct length, Reynold number as we found in manufacturing 

companies. 

From thus relations, the designer can select correctly the needed diameters which 

cover the operating system without any problems and make it easy for the designer to select 

the needed diameters if he wants to select with any two different parameters from the 

previous parameters. 

   

3- Experimental setup 

The experimental apparatus was designed and manufactured for the study of the parameters 

affected fabric air duct balancing; the components of the apparatus are shown in figure.1and 

figure2. The experiment is implemented with the suitable instruments to control and measure 

the different variables affecting fabric air duct balancing like velocity and static pressure. 

The experimental instrument consists of this main items support structure, hollow duct 

, reference galvanized duct, electric inverter, axial fan with motor, porous fabric air duct 
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Figure 1: Experimental equipment details 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Experimental equipment with FAD installed 

 

 

4- Characteristic equations 

The test of this project can be simplified if we have an axial fan and known its power, 

static pressure, maximum discharge. Then, fan velocity can be controlled by installing an 

inverter close to fan motor to produce 6th alternative velocities. In order to avoid turbulence 

in air fluctuations on FAD system and to dump it, the cylinder galvanized metal duct, which 

has diameter of 60cm and length of 1.5 m, must be fixed close to the fan outlets. After that, 

install the FAD on the end of the fixed metal duct. Now air can move from a fan through the 

fixed galvanized metal duct supplied to the outside room through the tested FAD. By using a 

hot wire anemometer and molded plastic manometers, the velocity and static pressure along 

 



International Journal of Advanced Scientific and Technical Research  Issue 7 volume 1, January –February 2017 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

©2017 RS Publication, rspublicationhouse@gmail.com Page 112 
 

the duct can be measured from the tested hole points, and ultimately, it will be easy to 

calculate the friction factor for every FAD by using the next equations. To calculate the 

percentage of error in the measurement of velocity and static pressure it is required to 

compare the measurement data with the reference values. Now by using standard reference 

galvanized metal duct selected, which has certain length of two meters, diameter of 60cm, 

and Ɛ=0. 00015m, install it at the end of the fixed cylinder galvanized metal and measure 

velocities and static pressures for all 6th velocities. So, by using duct calculator or moody 

chart or Colebrook equation accurate reference, friction factor for all 6th velocities can be 

calculated. On the other hand, by Darcy's equation, measured friction factor can be calculated 

for all 6th velocities. Thereafter, compare the two friction factors, and subsequently calculate 

%error between measurement data and reference data. Thereafter, install porous fabric air 

ducts, which have many diameters (d=20, 25, 30, 35, 45, 60cm) with constant L=3m, Ɛ= 

0.0006m made from polyester with two cylinder rings from metal; one put on the inlet, and 

the other put at an endcape with the same diameters of ducts. Every duct of the 6th has the 

same hole tests which are at distances (x=30, 90,150,210,270cm). From this hole test 

velocities, static pressures are measured to all 6th velocities of the fan. By equations mean 

velocity, Reynolds number, discharge, friction factor is calculated, and by the same way, the 

relation between this parameter can be determined. 

The friction factor for galvanized metal can be simplified.   

The friction factor for galvanized metal ducts can be calculated from moody chart or 

Colebrook equation.  

2
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(1) 

Where  

D         Hydraulic diameter (m) 

Re        Reynolds Number  

Ɛ           Roughness of surface (m) (For galvanized steel Ɛ= 0.00015m) 

The friction factor for fabric air duct can be calculated from Darcy, Colebrook and altshul –

Tsal equations   
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Where: 

D        hydraulic diameter (m) 

f       Friction factor (dimensional less) 

L       duct length  

V        main velocity (m/s) 

       Density (kg/m3) (for air = 1.2) 

Reynold number for fabric air duct can be calculated from the equation   

v

DVVD

1000
Re 





              (3) 

Where:  

D        hydraulic diameter (m) 

V        main velocity (m/s) 

 v        Kinetic viscosity (m
2
/s) 

For standard air Reynold number for fabric air duct can be calculated from the equation 

DV4.66Re 

          (4) 

Where:  

D        hydraulic diameter (mm) 

V        main velocity (m/s) 

Dynamic pressure can be calculated from the equation   

 

2

2
1 VPv 

         (5)

 

Where: 

V        main velocity (m/s) 

       Density (kg/m3) (for air = 1.2) 

The air discharge can be calculated from the equation  

VDQ 2

4


         (6)

 

Where: 

D        hydraulic diameter (m) 
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V        main velocity (m/s) 

To calculate the mean velocity of traverse velocities at test point from the approximate 

parabola equation 

VpeakVmean 816.0

        (7)

 

Where: 

V        peak velocity in section of test point (m/s) 

 

5- RESULTS & DISCUSSION 

Porous fabric air duct made from polyester with different diameters has been 

experimentally studied with several Reynold numbers for air flow. The diameters were 

changed (D= 20, 25, 30, 35, 45, 60 cm). The generated Reynold number was changed from 

1x10
5
 to 22x10

6
. By using the root-sum-square method presented by Kline and McClintock, 

uncertainty values of the studied parameters are estimated. It was found that the maximum 

uncertainties in the average air discharge, Reynold numbers, and friction factor are 13.5 %, 

20%, and 7.45% respectively as shown in table 1. 

 

Table 1: A list of measured parameters and their accuracies 

Parameter (Device) Accuracy Unit 

Velocity (hot-wire anemometer) ±5%+0.1 m/s 

Pressure (Catic manometer) ±3% Pa 

Average air discharge 13.5% m3/s 

Average Reynold numbers 13.4% - 

Average friction factor  7.45% - 

 

5-1 Relation betweenƒ (measured) & ƒ (reference) 

Now we can calculate the error in the measurement of velocity and pressure by using 

standard reference galvanized metal duct which has certain length of two meters, diameter of  

60cm, roughness of Ɛ=0. 00015m. Install it after galvanized metal duct and measure 

velocities and static pressures for all 6th velocities. Velocities are measured by the traverse 
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method according to Af-106 Traverse. For duct d≤25 cm 6 points are measured, for duct 

d≥25 cm 8 to 10 points is taken. In this case, 8 points are measured. For every fan velocity, 

there is beak velocity. For turbulent flow parabola phenomena was found. To get mean 

velocity for the velocity development by multiplying the peak velocity with average factor 

0.816. As shown in table 2        

  So by using duct calculator or moody chart or Colebrook equation accurate reference 

friction factor for all 6th velocities can be calculated on the other hand by Darcy equation 

measured friction factor can be calculated for all 6th velocities.  Then compare the two 

friction factor and then calculate %error between measuring data and reference data. As 

shown from table 3. 

Table 2: A list of measured velocities for use galvanized metal duct: 

 

 

 

 

 

 

 

 

Table 3: A list of measured and reference values for use galvanized metal duct: 

 

5-2 Results for all fabric air duct installed  

Porous fabric air duct, which has many diameters d=20, 25, 30, 35, 45, and 60cm with 

constant L=3m, Ɛ= 0.0006m made from polyester with two cylinder rings made from metal 

one put on the inlet and the other put at an end-cape with the same diameters of ducts. Every 

duct of the 6th have the same hole tests which are at distances x=30, 90,150,210,270cm. 

% ERROR  ƒGDrefernce ƒGDmeasured Re ΔPs(Pa) Q(cms) vm(m/s) Hz 

5.66 0.015953 0.016910 419515.20 3.75 2.98 10.53 60 

4.61 0.016072 0.016849 383659.20 3.13 2.72 9.63 50 

3.83 0.016226 0.016873 344616.00 2.53 2.44 8.65 40 

4.66 0.016579 0.017389 276489.60 1.68 1.96 6.94 30 

5.35 0.017247 0.018222 195216.00 0.88 1.38 4.90 20 

5.56 0.018760 0.019866 107169.60 0.29 0.76 2.69 10 

5.03 0.014557 0.015328 AVERAGE 
    

vm(m/s) 
points 

Hz 
8 7 6 5 4 3 2 1 

10.53 10.5 11.7 12 12 12.9 12.5 12.4 11.8 60 

9.63 9 10.7 11.2 11.2 11.8 11.3 11.3 10.7 50 

8.65 8.4 9.4 9.8 9.9 10.6 10.3 9.9 9.2 40 

6.94 7 7.4 8.2 8.1 8.5 8.5 8.5 8.3 30 

4.90 5.1 5.7 5.7 5.6 6 6 5.8 5.5 20 

2.69 2.9 3 3 3.1 3.3 3.3 3.1 3 10 
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From this hole test velocities, static pressures are calculated according to all 6
th

 velocities of 

the fan. By equations mean velocity, Reynolds number, discharge, friction factor is 

calculated. As shown from table 4 to table 8 

   

Table 4: Final list of measured values for fabric air duct D=20cm 

 

 

 

 

 

 

 

        

Table 5: Final list of measured values for fabric air duct D=25cm: 

 

 

 

 

 

 

 

Table 6: Final list of measured values for fabric air duct D=30cm: 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.091 8.25 86353 0.31 4.34 60 

0.094 7.00 78429 0.28 3.94 50 

0.102 6.75 73959 0.26 3.71 40 

0.105 3.75 54250 0.19 2.72 30 

0.119 2.375 40637 0.14 2.04 20 

0.124 0.750 22350 0.08 1.12 10 

 

 

 

 

 

 

 

 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.097 5.00 49611 0.15 2.99 60 

0.107 4.75 46055 0.14 2.77 50 

0.110 4.25 43007 0.13 2.59 40 

0.116 3.25 36573 0.11 2.20 30 

0.121 2.500 31494 0.09 1.90 20 

0.132 0.600 14731 0.04 0.89 10 

 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.105 6.25 38199 0.09 2.88 60 

0.117 6.00 35489 0.08 2.67 50 

0.124 4.63 30207 0.07 2.27 40 

0.130 2.88 23298 0.06 1.75 30 

0.132 1.750 18016 0.04 1.36 20 

0.139 0.750 11514 0.03 0.87 10 
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Table 7: Final list of measured values for fabric air duct D=35cm: 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.089 8.00 108729 0.45 4.68 60 

0.094 7.50 102642 0.42 4.42 50 

0.098 7.25 98375 0.41 4.23 40 

0.103 5.45 83441 0.35 3.59 30 

0.112 3.125 60447 0.25 2.60 20 

0.122 0.800 29394 0.12 1.26 10 

 

Table 8: Final list of measured values for fabric air duct D=45cm: 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.087 8.50 165493 0.88 5.54 60 

0.093 6.75 142026 0.76 4.75 50 

0.099 6.25 132578 0.71 4.44 40 

0.100 4.25 108805 0.58 3.64 30 

0.105 2.500 81680 0.43 2.73 20 

0.114 0.700 41450 0.22 1.39 10 

 

Table 9: Final list of measured values for fabric air duct D=60cm: 

ƒFDmeasured ΔPFD(Pa) Re(FD) QFD(cms) vm(m/s) HZ 

0.084 6.25 221471 2.03 5.56 60 

0.091 5.00 190180 1.61 4.77 50 

0.096 4.75 180427 1.59 4.53 40 

0.099 3.38 150356 1.31 3.77 30 

0.100 1.875 111345 0.81 2.79 20 

0.111 0.550 57298 0.25 1.44 10 

 

5-3 Final relations between every parameters ( P , f , V , Re,

 

Q  )       

For most manufacturing companies which are working in fabric air duct they 

introduce figures in catalogues illustrate relations between pressure drop with discharge, 

friction factor with discharge and velocity with pressure drop to make it easy for selection 

certain type of fabric air duct in any case which are changed from the user to the other also 

give the user many alternatives to compare analyses with others. As shown in figures from 3 

to 9. 
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Figure 3: The relation between ( P , f , V , Re,

 

Q  )  for all fabric ducts 
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5.4 Correlation of the results  

The experimental values were found that the maximum uncertainties in the average 

air discharge, Reynold numbers, and friction factor are 13.5 %, 20%, and 7.45% respectively 

as shown in table 4.1.  The correlation is given by  

 measuredfaccuratef FDFD 947.0      (8)  

The maximum deviation of the correlation is within 5.03%, which is more applicable than the 

experimental values. 

 

6- Conclusion  

Fabric air duct made of polyester with different diameters has been experimentally 

studied with several Reynold numbers for air flow. The diameters were changed (D= 20, 25, 

30, 35, 45, 60cm). The resulting Reynold number was changed from 1x10
5
 to 22x10

6
. All 

data are taken at constant temperature (lab temperature) 

 The friction factor for every duct is subject to many parameters like static pressure 

drop, duct length, duct diameter, duct roughness material, mean air velocity and air 

density. As static pressure drop or duct diameter or duct material roughness increases, 

the friction factor increases. 

 As velocities of air pass through the fabric air duct increases, Reynold number 

increases and causes parabolic phenomena in velocity development, which shows the 

minimum and maximum velocity changes from point to the other at every tested 

point, but it's clear that fabric air duct surface velocity is zero.      

 The average velocity increases with the increase in fabric air duct diameters, and the 

same thing occurs to air discharge.  

 The maximum value of average Reynold number is attained at d=60cm and it 

decreases gradually until it reaches the smaller duct d=20cm. 

 The average static pressure drop along all fabric air duct changes from one duct to the 

other, but in all ducts inlets static pressure is starting small and gradually increases to 

the highest value at the end-cape due to Static Pressure Regain (SPR) which builds up 

along the entire length of the fabric duct.  

 The maximum average friction factor is attained at the minimum fabric air diameter 

and decreases gradually until it reaches the largest duct d=60cm. 
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 Relations between every parameter affects friction factor can be done to be clear to 

know its effect. So it's clear to make balance to a fabric air duct by controlling every 

parameter affecting friction factor. 
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