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This method may be applied in two situations: when the total air pressure drop for the
system is given and when some values for the so-called economical velocity are imposed along
the successive ducts. In the first case, the method consists in determining the necessary
diameters for some ducts and for all the system. Thus, in this case, the total available pressure
is divided to the total length of the main duct, giving as result the friction loss per meter of
duct, also known as friction loss factor or specific linear pressure drop [Pa/m], which includes
both major and minor losses.

Key words: air pressure loss, ventilation duct system, airflow rate, equivalent resistance,
nomogram.

Heii MeToa MOke OyTH 32CTOCOBAHUI Y ABOX BUIIAJAKAX. KOJIU JAHO 3araJibHUI mepenaj
THCKY B CHCTeMi i KOJIM HaBeleHO JesiKi 3HAYEHHA TAK 3BaHOI €KOHOMIYHOI HIBMIKOCTI
CYMIXKHHUX MNOBITPOBOIIB. Y NepumIOMy BHIIQJAKY MeETOJ MOJSArac y BH3HA4YeHHI HeoOXigHMX
aiaMeTpiB okpemMux TpyO i cucremm 3aranom. Toai THCK B WiloMy TIIMThCA Ha 3arajibHy
JAOB:KMHY T'0JIOBHOT'O MOBITPOBOAY i 00YHC/IIOIOTHCS BTPATH Yepe3 TepTA Ha MeTp TpyoH, abo
TaKO0:K BiloMi sIK koedilieHT BTpaT yepe3 TepTa a0 JiHiliHA BTpPaTa TUCKY, 0 CKJIAJAIOTHCA
3 OCHOBHHUX i APYTrOpPAHUX BTPAT.

KuouoBi cioBa: BTpata THCKY NOBIiTpPs, cHCTeMa MOBITPOBOAIB BEeHTHWJIsILil, IIBHU/I-
KICTBIOBITPSAHOT0 MOTOKY, eKBiBaJTeHTHHUIi OMip, HOMOTPaMHU.

Introduction

The presented method gives a simplified approach for determining both the major and minor head
losses for air distribution networks. Through the method, these losses are evaluated simultaneously, which
allows, on one hand to obtain low energetic consumption, and on the other hand, a fast balancing of the
branches in order to attain the designed airflow rates.

At a global level, the entire air transporting network offers the same specific pressure drop,
measured in Pa/m and which includes both major and minor losses.

When air is moving along the air pipe network, it can be accepted that the conditions for considering
air as an incompressible gas are fulfilled; therefore the perfect gas laws are applicable.

For making the computing easier, a certain equivalence coefficient is introduced by multiplying the
exponent 2 of air flow volume, obtaining a result which is proportional to the total head loss. Therefore,
this coefficient is a hydraulic similitude factor [1].

By the means of this coefficient, no more iterative calculations will be used for the pressure
balancing throughout the system. For applying the method, three diagrams were proposed, combining
together the necessary data for dimensioning a ventilation network.

Determination of total air pressure loss H

The applicability range of the method includes situations which can be reduced to two distinct cases:

— the value of total air pressure loss for the network is given or is imposed;

— some particular values of so-called economical velocity are requested for the consecutive ducts
along the network [2].
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Whether in the situations corresponding to the first case, the framework of the method determines
the necessary diameter for each duct, the second case situations are solved by determining the diameters
and the air pressure loss for each sector and in the entire network.

Thus, in the first case, the available pressure H (which must overcome the major and minor losses) is
divided to the length of the main branch (considered usually as being the longest branch and having the
biggest local pressure drops) [1], [3].

R= % [Pa/m] ° Q)
where > ¢ means the total duct length of the main branch.
On a certain branch, the “n” duct, having I, length, will generate a total pressure loss H,, as follows:
H,=R-¢,, [Pq] 2
The air pressure losses in junctions result from balancing the pressure at the knots.
Knowing the air pressure drop for each individual duct, the length of the ducts, the necessary airflow
volume and the sum of local pressure drop coefficients, the design diameter of the duct may be determined

[1], [4].

The total air pressure H for the main branch is:

. . 2
H:(%+Z§)pzv . [Pal; ©)

where: A is the friction coefficient; ¢ - the duct length; d — the equivalent diameter; & — the local

pressure drop coefficient; p — air density; v — average air velocity.
Knowing that the duct has circular section and transports the airflow rate D, from the continuity
equation comes:
4D

Ve —— m/s]; 4
ST [ms] (4)
Replacing this expression of the velocity in (3) we find:
Al
H:{dS +Zd:4 J-A-DZ, [Pa]; (5)
where:
16
A=——, [kl (6)
TP

is a quantity which can be considered as constant for a certain network.
The u coefficient is introduced:
At
2t [m™];

d5+d4’

(")

therefore relationship (5) becomes:
H=A u-D?, [Pa]. (8)
To a certain value of the u coefficient may correspond different combinations of the quantities 7, d
and Y &, whereas for D=ct. si u = ct., the air resistance of the network is constant. So, air ducts having
different lengths, diameters and local pressure drop coefficients but providing the same value for the p
coefficient, are called similar. In other words, the u coefficient is a hydraulic criterion (or dimensionless
group) of similarity [5], [6]. By the means of this u coefficient, it is no longer need to make tedious

repetitive calculations in order to balance the pressure in junctions, when dimensioning a ventilation
network [5], [6].
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The equal friction method. Total air pressure loss calculation using the equivalent resistance

When the head loss corresponding to a certain airflow rate is known, the following equations may be
written in the case of a junction where two branches 1 and 2 meet:

where: D is the resulting airflow, from the summation of the branches airflows [1], [7].

Therefore:

Hy

or:

M= ©)
D=D,+D,
.D? =y, -DZ, (10)
Dy M (11)
D, Vw

The relationship (11) may be written as follows:

D,+D

DZ
At the considered junction we may write:

i .

N

Wp(D, +D3)A=p, D - A; (13)

where L, is the equivalent coefficient of the two ducts connected in parallel.

D
ity = 52 19

The relationship (13) becomes:

Based on (12) si (14), it follows:

By generalization, for n ducts connected in parallel, the equivalent coefficient p, is:

t 1,1 (15)
N TN TN/
L (16)

o1
T

The relationship (16) presents an analogy with the connection in parallel of the electrical resistors.
When two consecutive ducts 1 and 2 transporting the same airflow rate are discussed (series
connection), the following equations may be written:

D,=D,=D
1 2 S ’ (17)
H,=H,+H,
where Hs is the total head loss for the two ducts and D is the airflow rate which passes through the
ducts. Thus:
UA-D =1 -A-D +pu, AD,, (18)
becomes:
Uy =ty + fhy, (19)

where: s is the equivalent coefficient of the two ducts connected in series.
By generalization, for n ducts connected in series, the equivalent coefficient s is:

M

=2 M (20)

The relationship (20) presents an analogy with the connection in series of the electrical resistors.
The total head loss of the entire air distribution network is the main value used for the calculation of

the fan necessary pressure.
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When the values D, ¢ and Z& are known for each duct, the equivalent diameters of the ducts are

determined by the means of nomograms [1].
In the relationship (7), for the similarity coefficient, we substitute the friction coefficient A by its
value given by Prandtl, von Karman and Nikuradse:

i:1,14—2|g§, 1)

NG

and the result is:

M:1,14—2Igz»:+2Igd +2§

e e (22)
For ventilation ducts made of steel plate, the absolute roughness is € = 0,1 mm, so we obtain:
9,14 —Igd? 3
= 9¢ 4 %4 . (23)

where d is the equivalent diameter of the section, [m].
For circular pipes, the equivalent diameter is the same with the geometrical diameter, but for
rectangular ducts having the side ratio a/b < 10, the equivalent diameter must be calculated with the

following formula:
5lk5
d=13. S/ﬁ;[m] (24)
+

The relationship (23) is presented below under a nomogram form (Figure 1), in which three
independent variables are combined: p, d and Z& . The mass airflow rate D is added, too. The variables
involved in this graphical representation have the following ranges:

- airflow: 100...50.000 kg/h;
- head loss: 6...300 mmH,0;

- similarity coefficient: 0,01...1000;

- length of a pipe: 1...40 m;

- local pressure drop coefficient: 0...2,5;

- air velocity: 1...40 m/s.

Example of using the nomogram for air pressure loss calculation

Following, we give an example how to use this nomogram. If it is known that a ventilation duct
having a length of 30 m transports 3000 kg/h air with total pressure losses of 70 mmH,O and the local
pressure drop coefficient is 1,05, find the equivalent diameter of the duct and air velocity through the duct.
Using diagram | (Figure 1), for D=3000 kg/h (point A) and the head loss 70 mmH,O (point B), we obtain
point C, from which results the equivalent coefficient u=10. From the same diagram, for /=30 mand D =
3000 kg/h, we obtain point D, which is projected on the vertical axis to the right of the diagram, in point E.
In diagram 11 (Figure 1), joining the point E with point F (corresponding to local pressure drop coefficient

Z& =1,05), we obtain on curve u = 10, the G point which gives the ventilation duct diameter, d=240 mm.

From diagram no. Il (Figure 1), for D=3000 kg/h (point 1) and d = 240 mm (point H) results the air
velocity in the duct, v=18,5 m/s.

Conclusions

This calculation method allows a more simple and rapid determination of total loss of pressure in a
ventilation duct network, just by using a nomogram. Is a very useful tool for the designers of ventilation systems
in order to make an accurate calculation of ventilation ducts and total pressure drops along the air route.

The method is easier to use than the classical method of calculation (pressure balancing method) and
therefore is recommended for air ducts quick calculations and for making technical and economic
estimates of the ventilation systems.
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Fig. 1: Total air pressure loss calculation using the equivalent resistance

It can be used both to calculate the longest and loading air route and to balance the secondary
branches of the ventilation networks. Pressure losses in branches will be determined by imposing the
pressure balance in the junctions. Knowing the head loss for each individual duct, the length of the ducts,
the necessary air flow volume and choosing the sum of local pressure drop coefficients, the design
diameter of the duct may be determined.

The method respects the romanian regulations regarding the designing and the execution of
ventilation duct systems [8], [9], therefore it can be easily used.

This paper was elaborated in the framework of the projects: VEGA 1/0976/11, VEGA 1/0748/11
and SF EU OPVaV 26220220064 VUKONZE.
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In the article there are analyzed analytically and given approximate numerical values of
resistance and flow characteristics of free air flowing through the end vent hole of cylindrical
pipeline in unlimited space.

Key words: local resistance, flow characterastic, leakage, suction.

IIpoananizoBani aHaJMiTHYHO i BH3HAYeHi HAOJMAKEHI YNCIOBI BeJIMYMHH OMIPHHUX i
BUTPATHHX XaPAKTEPHUCTHUK BiJTbHOI0 NepeTiKaHHA MOBITPSHOI0 MOTOKY 4Yepe3 BilbHMI1 OTBip
TPyOONpPoOBOAY B HEOOMEKEeHUIl POCTip.

Ku1rouogi ciioBa: MicueBuii omip, BATPAaTHA XapaKTePHCTHKA, BUTIKAHHA, BCMOKTYBAaHHSI.

Statement of the problem

In the literature are ambiguously interpreted analytical basis to determine the resistance and flow
characteristics of free end vent holes in the pipeline leakage air flow into unlimited space and air suction
from the unlimited space. There is also no definite guidelines for the experimental determination of the
local resistance of the holes, especially during the suction.

For example in the [5, 6, 7] the coefficient of local resistance by the free outflow air flow into the

atmosphere ¢ equal to one, according to [5, 7] the coefficient of local resistance by the free suction

... is also taken as equal to one, although the phenomena that occur in outflow and suction is different

[1, 2], indicating that at the air intake from the unlimited space in the hole pressure loss is always lower
than the losses in the outflow of air flow in unlimited space.
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