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Abstract @

In air duct systems it is usually necessary to set up desired anforsi of air at every air
terminal device, thus balancing is needed. In our paper going to show a
sizing method which makes this balancing unnecessary. Q'%f's athieved by altering
or keeping the desired static pressure along the lengﬂb@ uct.

The needed static pressure can be achieved by chan diameter and regaining
en two different cases: the
or air is blown out through
Ved a dimensionless expression
‘oth. Numerically solving these

uniform air distribution. In the paper (Wé~nte going to examine the impact of
dimensionless parameters, especially the R&no lds-number which is linked to the air
flow rate. An interesting outcome investigations was that the diameter’s
function is sometimes nearly inde of the Reynolds-number.
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distribution, regain of dynqimi
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1. Objectives

Air duct sys
types. In our pa
as air termin

several different fields of application and system
re going to deal with supply air ducts, which are used
ices. Two different cases were found: air ducts with
nozzles, grills, linear slot diffusers and air ducts made of permeable
materials. ducts the evolving static pressure has a special importance
(Fig. 1., . Yhe most important input parameter of air duct sizing is the air
flow the aim is to determine the cross-section. To do this a sizing
to be used. The most common one is the velocity criteria but it is
o size the ducts according to the equal friction method or static
These sizing methods cannot be applied to the investigated cases.

The goal of the paper is to calculate the diameters along the duct with
continuously and equally distributed diffusers to maintain the deserved static
pressure, which guarantees uniform air distribution. The air can be blown out



through diffusers e.g. nozzles or even through the own material of the ducts
if it is permeable. (Fabric for instance.) It was assumed, that it is possible to
create a continuously changing diameter, so it is possible to get the expected
even airflow without balancing. This study was limited to circular cross-

sections.
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Fig. 1. Typical changes of pressure intextil air ducts, p.: p sses due to friction, pq:
dynamic pressure, ps.: static pres

will increase, so static pressure s r (Fig. 1.). Because of that the
amount of air blown out also increas ¢ maximum amount is blown out
at the end of'the duct. To avoid this, baidncing dampers are used in practice.
These dampers are used to decr@tatlc pressure. It should be noted, that
balancing raises initial costs.

2. Governing equau@\d boundary conditions

LD ey
m\\\\

The draft of the phenomenon can be seen on Fig. 2. The flow was
con51dere ¢ steady state, incompressible and isothermal. The simplified,
1D Navie es-equation can be used to describe the flow [2]:

(x)/ox=-0p, (x)/0x/ p+A(x)/2D(x) -w(x)’, (1)

= wis the mean axial velocity, [m/s]j
= pis the density of the fluid, [kg/m



"  pg«a IS the static pressure, [Pa],
= xis the axial coordinate, [m],

= )\is the Darcy friction factor, [-],
=  Dis the duct’s diameter, [m].

The second governing equation was the equation of continuity, @d

for the studied case:
\) @

w(0)-D(0) -w/4—w(x)-D(x ) -x/4- J‘vvs(g)dﬁ:%f 2)

Apur (X)

where: \
= w(Q is the seepage velocity, it depends oz
duct’s material is permeable, [mV/s],

= Dis the diameter in the particular locatign, [
= A, 1s the seepage area , it depends cation, if the duct’s
material is permeable, [nt'].
From that point it is necessary to speak two different problems.
The first is (A), when the seepage area is e every location, so it does
not depend on the diameter. This is the c he air duct with frequently

installed grills, etc. (Fig. 3.)

The case is (B), whenlhe seepage area depends on the diameter, e.g. the
wall 1s permeable (e(g. textile airducts). The change of the air flow can be
considered as co ;
in case A too. heArst case (A), so if e.g. nozzles are installed on the air
duct with equatefistance, our aim must be to keep constant static pressure.
In the second case (B), if the duct’s wall is permeable, the diameter is

changing is the seepage area. Because of this, static pressure should
change t

A ction is needed between the static pressure and the seepage
velo e Forcheimer-Dupuit-equation can be derived from Darcy’s law.

cation of Darcy’s law is limited; it can be used if the seepage
depends on the pressure gradient linearly [3]. After a big enough
(material dependent) seepage velocity linearity is breaking down due to the
fact that the form drag due to solid obstacles gets comparable with the
surface drag due to friction. The Forcheimer-Dupuit-equation in 1D form:



/K, 3)

apsta‘[/ér:_I'L'vvs/l<r _CF'p'Ws'Ws

where:
= cpis the dimensionless form-drag constant, [-],
= puis the dynamic viscosity of the fluid, [Pa-s], %
= K, is the radial specific permeability of the duct, [m?].

The investigated materials are thin, so the difference
concentric inner and outer cylinder surfaces can be negle
simplification, seepage velocity is a constant function of t
variable separation, integration and rearrangement: \

4
w|/ JK_r @
where: O{®

= s is the investigated material thickn 1,
"  pg s thestatic gauge pressure in t t, [Pa].
We have to calculate the Darcy frictiorifactor to complete the model.
For turbulent flow (Reynolds-number is @i than 2320) the Colebrook-
White equation can be used, although ; ity has not been checked in
ducts with wall suction. Another diffi% the absolute roughness of the
fabric materials, which is usuall given by the manufacturers.

Approximate values can be found in“ne literature [4]. For laminar flow
Hagen-Poiseuille-equation can b

3. Boundary condiﬁon@

pst:S.!"l.Ws/Kr—'_S.CF'p.ws.

¥e summarized in the next table which is
based on the above-mentiz ‘ the above-mentioned.

x =x,(=0) § ) xe(0;L) x=L
Case The static pressure is constant:
A. és‘. p, =dll The endgf
he airflowrate is The connection between the the duct '15
The known asa seepage velocity and the static closed:
function of the pressure isknown: WL)=0-
. location: p =54 w43k pow, ]
C . . — st ’ N : ’ K] : K] .
SSCQ ow Vix)=V(x,) Ao - K VK, The airflow
N etc.) L and: rate in the
; duct is zero:
X, ()P _
L-7-D(x) V(L)=0-




4. Solution for air ducts with diffusers (Case A)

From previous equations the following can be derived:

D'(x)=[A(x)/2-8/1-&)-D(x,)/ L]/2, SS)
where: @

= D’(x) is the derivative of the diameter, ¢
*  D(x) is the diameter of the duct at the initial loca

= E=x/L is the dimensionless location, [-],
»  =D(x)/D(x) is the dimensionless diameter, o

5. Solution for air ducts made of per meable (Case B)

We have to define more variables. It can b% ho that the seepage
Velocr[y depends on the location and it can be &R roysed with the air flow
rate in the initial location. From this, partlcula @ s of the Forcheimer-
Dupuit-equation can be written in the followm IAQTTES :

&V

Pup(x)=s-u/K, - V(x,)/[L-7 -D(x@w (x,)/8, (6)
where:
"  pgp 1S the static pressu due to friction losses during the
seepage through pe ble material, [Pa],
. V(xo) is the air fl in the initial Xy location, [m’/h].
The second part of the e
Pur(x)=s-¢, /K bL 7 D(x))f = (3,167 ()
psr 1S the static re re loss due to solid obstacles during the seepage
through permeab #/l. The expressions are only valid for a permeable
duct with c1rcu1 eter. A dimensionless ratio can be introduced, which
expresses ratl e friction losses and the form drag:

@m Par(3)/ Pan(X)=p5(%,)/ 5 ®)

r@r dimensionless number can be introduced, which is the Euler-

Eu(x)=[DPup(X)+2 P (x)] /[ 2D yn(x)] = )
= Pon (X ) /2 Py (X )] [ /(1 =E) +2-&p(x,) - 5> /(1= E)] - (10)



With these numbers the derivative of the diameter can be written as:

Mx)/2-8/(1-E)-D(x,)/ L

D'(x)= 11

(x) Eu(x)+2 (h

The derived equation is a differential equation. This equation t e
solved analytically, so a numerical method is needed. The {f order
Runge-Kutta-method was used. The error produced by od is
proportional to the fifth power of the step size that is why alled as

fourth order Runge-Kutta-method (it is accurate until the 8 er).

0
6. Results for air ducts with diffusers (Case A) @

The calculations have been carried out with the pr@lMaﬂab [5]. The
differential equation to be solved was (5). The f%ﬁ n nstants have an

influence on the results: Q
= D(x)/L, we are going to use t @rocal value, L/D(x),
which we called as length-diamet .
The dimensionless diameter, the dimen ss location also appeared.
The friction factor can also be found in th on. It depends on:

depends on its initial val
= the k/D(x) relative roug which depends on its initial value
too: k/D(x)=k/D(x9)/

Based on the foregoing it c% seen, that the results depend on these
two other constants. Before w; ed the calculation we had to define the
limits of the dimensionles ers. The limiting values of the length-
diameter ratio (L/D(xp)), ynolds-number (Re(Xy)) and the relative
roughness are based @ tical experiences. In the next two figures

(Fig. 5., Fig. 6.) one ¢ e impact of the Reynolds-numbers.
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Fig. 5. The changes of the dimensionless diameter , L/D(x)=10, k/D(x0)=0




It can also be seen that if the L/D(Xy) is small (Fig. 5.) the solution is
nearly independent of the Reynolds-number. If the /D(xp) 1s bigger (Fig.
6.), we cannot say that, but the dependency is only notable in a narrow range.
We can say according to these calculations, that in most cases the determined
optimal diameters remain optimal diameters even beside variable flow Fates.

Fig. 6. The changes of the dimetis

%"

0 &
he changes of the dimensionless diameter, L/D(x0)=100, k/D(x0)=0.015

s it can be seen, [/D(xp) the length-diameter ratio has significant
impac¥on the optimal shape.



7. Results for air ducts with permeable wall (Case B)

If the duct wall is permeable, two other dimensionless numbers must be
taken into account. The calculations have been carried out with the program
Matlab [5], as in the chapter before. The equation to be solved was (1%
two dimensionless numbers are:

= the Euler-number. The definition

Eu(%)=(Pston™2-Pstor)/(PWo") = Psion/ (P -Woz)-(1+2

= the ¢&p(X) pressure loss ratio, the dein was:
&rD(%0)=Psd (X0)/Pstr(Xo)-
The second number, grp(Xy) is equal to zero, if the onless form-

drag constant, cg is zero. It is not true for several fabri
reasons only this case was investigated. If the emp(

due to space
zero, the Euler-
ice the dynamic
the static pressure
recommends to keep
Another says, that the
‘rial because the pressure
ofipsei as the min and 120 Pascals
2 & 0.39, and the max is 25.
t can be seen, that if the Euler-

pressure in the duct. To get the limiting ve
catalogues of manufacturers were used. One o
the static pressure between 60 and 120 Pa
minimal value depends on the weight of thé A
has to be able to hold it. 30 Pascals were
as the max value, so the min of the Euler,fitida¥
On the next figures (Fig. 8. and Fi

number is near to its minimum valu optimal diameter is considerably
changing. As it was mentioned, the maxdum value of the Euler-number can
be up to 25. In spite of this, on @wrts the max value was 4. We used 4
instead of 25 because the majorchatfges happen before this number.

S
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Fig. 8. The changes of the dimensionless diameter,
L/D(x0)=100, Re(x0)=100000, &rp(X0)=0, k/D(x0)=0.0075

explain that graphically, the Euler-number depends on the static
pressure. If the Euler-number is big, it means that the static pressure is big
compared to the dynamic one, so it is not significantly changing, it is nearly
constant.



The L/D(xy) variable has a deep impact on t of the function. Ifit
is 10 (Fig. 8.), the dimensionless diameter is alw,

friction. If the length-diameter ratio is bigg
pressure.

have to regain the static

(S

NG e(x,)=27000
?_ Re(x.)=83000
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. The changes ofthe dimensionless diameter,
%0)=0.39, L/D(x0)=100, &rp(X0)=0, k/D(x0)=0.

The effect of the Reynolds-number is quite similar to the examples we

have seen . It can be stated, that if the Fuler-number is small (so the
axial vel s big), the effect of the friction is big, so the change of the
Reyno ber has an influence on the calculated diameters. If the
Rey mber is big enough, according to our investigations this impact

ss important. Its influence will also be smaller with bigger relative
s. On the last diagram (Fig. 11.) it is shown, that if the Euler-
number gets bigger, the effect of the friction will be smaller. The difference
between the calculated diameters will be less with the different Reynolds-
numbers.
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Fig. 11. The changes ofthe dimensionless dia @
Eu(x0)=0.8, L/Dix0)=100, sr2(x0)=0, k/D(z0)=0 00,

According to our study the impact of tho° Ids-number can be
neglected in many cases, so we can say it is le to create air ducts,
which will keep the optimal even air diffusio point along the length

in VA Vsystems as well.

Summary @

Our paper was about airducts i air flow rate is continuously,
linearly decreasing due to the out-bl mount of air through diffusers or
the permeable duct wall. With seme simplifications the diameters of these
ducts along the length can be d ined. It was assumed, that with these

it is possible to maintain uniform air
rs were introduced to make the results
more applicable. This way of variables was also decreased.
In the future it 1 @ ; test these results with measurements and
eveloped model had many simplifications this
validation is needed C er interesting question is the production of these
ducts. The shapé ngve to be simplified, so a method is needed to
determine how t &
maintained.

continuously changing diam
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