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Geometrical characteristics and hydraulic radius of

packing devices
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Generalization of data on geometrical characteristics of various types of bulk and regu-

lar packing of columned devices for realization of heat and mass transfer processes is
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INTRODUCTION

The parameters of heat and mass transfer processes in colum-
ned devices with a packing determine the basic geometrical
characteristics defining the structure of the void fraction e
and a specific surface of a layer of a regular or bulk packing a
in the specified devices.

The size of the void fraction in a layer of the nozzle, nu-
merically equal to the size of the alive section of a layer, defi-
nes the characteristic speed of a gas stream in a layer.

Below, under the basic geometrical characteristics of va-
rious bulk and regular packings for heat and mass transfer
processes, results of the generalization of extensive data are
presented with their interrelations with the hydraulic radius
(equivalent diameter of the channel) of packed columned
devices.

EQUIVALENT DIAMETER OF THE CHANNEL OF
PACKING DEVICES

In the English literature, for the designation of the equivalent
diameter of the channel, the term hydraulic radius is often
used. Below, basically the term applied in Russia - equivalent
diameter of the channel - is used.

In [1], it is offered to use the equivalent hydraulic diame-
ter d_to define the geometrical size of channels of a complex
section:

d=4.F/P, (1)

where F is the cross-section area of the channel, m* and P are
the moistened perimeter of the channel, m.

Considering the current of a gas stream in a layer of a
nozzle of Zhavoroncov and Aerov [2, 3], the concept of equi-
valent diameter pore of the channel, equal to the quadruple
hydraulic radius, is introduced:

d=4-¢/a. )

In [1], it is noted that the concept of equivalent diameter
“generally is not universal and allows to count only losses of
pressure in channels of various geometry by formulas for
pipes of a round section”

On the other hand, analysis of the results of experi-
ments undertaken in [4-8] on measuring the loss of pres-
sure in granular layers of various geometrical form and size
has shown that these results are generalized by the following
equation [4]:

Eu =A+B/Re,, (3)

In equation (3), A = 0.9, B =100, and Eu_ is Euler’s modi-
fied number:

Eu =(AP-€)/(H-a-p- W), (4)
where p is the density of gas, kg-s*/m*; H is the height of a

layer of a packing, m; AP are losses of pressure, kg/m? W, is
the speed of gas, calculated for a full section of the empty de-
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vice, m/s; Re, is Reynolds’ number reduced to the equivalent
diameter of the channel in a layer of a nozzle:

Re,=(W,-d)/(e-V), (5)

where v is the kinematic viscosity of gas, m?/s.

Thus, the use of the equivalent diameter of the channel d,
in equation (3) to define the geometrical parameter of a layer
of a packing with reference to granular layers and connected
to columned devices allows to calculate with a satisfactory
accuracy losses of pressure in them. Hence, as regards packed
columned devices, application of the equivalent diameter of
the channel is quite justified for the hydraulic and other tech-
nological calculations of such devices.
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Fig. 1. Dependence d, = f (¢) for bulk metal and ceramic nozzles according to
[9-15]

7 — Rashig steel rings; 2 — Pall steel rings; 3 — Rashig ceramic rings; 4 — Pall ceramic
rings; 5 — Berl ceramic saddles; 6 — Intaloks ceramic saddles; 7 — our equation for
metal bulk packings; 8 — our equation for ceramic bulk packings

DEPENDENCE OF THE VOID FRACTION AND
A SPECIFIC SURFACE ON THE EQUIVALENT
DIAMETER OF THE CHANNEL OF A LAYER OF
A PACKING

The significant number of data on the geometrical characte-
ristics of packings of various type and size allows to perform
their generalization in the form of dependence of the void
fraction € and a specific surface a on such a major universal
characteristic of a layer of a packing as the equivalent diame-
ter of the channel d . Results of the generalization performed
by us are presented in Figs. 1 and 2.
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Fig. 2. Dependence of the size of equivalent diameter d, on the specific surface of
bulk and reqular packings a:

1 — various bulk packings according to Polevoy [9]; 2 — bulk packings according to
Vedernicov et al. [10]; 3 — bulk packings according to Kolev et al. [11]; 4 — Inzhkhim-
2000 bulk packings according to Laptev and Farahov [12]; 5 — regular packings ac-
cording to [10, 131; 6 — bulk packings according to [14]; 7 — bulk packings according
to [15]; 8 — calculation based on our equation
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From dependence d, = f (), industrial bulk ceramic and
metal packings in the form of a ring or saddle are described
by two different curves (see Fig. 1). The curve for nozzles from
thin-walled metal rings is located above in comparison with
thick-walled ceramic packings, so that it is possible to explain
the influence of wall thickness of a packings on the size of the
void fraction. At the values of the equivalent diameter d, in
the range d = 2 - 107-20 - 10~* m, the void fraction of cera-
mic packings in all cases is by 19-20% lower in comparison
with those of metal packings. At the values of d, more than
20 - 107 m, the difference in the values of the void fraction &
for ceramic and metal packings decreases.

The effect of the equivalent diameter of a packing d, on
the major geometrical parameter of a packing - specific sur-
face a - obtained by summarizing data of [9-15] is shown in
Fig. 2. From two schemes presented in Fig. 2, a fivefold de-
creasein size of a specific surface from 1 700 m*m?to 350 m*/m’
leads to an increase in the equivalent diameter of a packing
fromd =2-10" mup to d =10~ m, i. e. also approximately
fivefold.

The dependence d, = f (a) for packings of various form,
made of ceramics and metal, appeared to be universal (see
Fig. 2). Dependence d, = f (a) for all industrial packings with
a deviation not exceeding + 10% is described by the following
equation:

d=A-a, 6)

where A =57 319,and n = -1.3985.

Equation (6), obtained as a result of summarizing nume-
rous data presented in the literature, can be used for techno-
logical calculations of packed columned devices in chemical
and other industries.

CONCLUSIONS

1. Dependence of the equivalent diameter of the channel of
a packing layer on the specific surface of a packing layer of
various type is established. The universal character of the
dependence d = f(a) for packings of any form and size with
reference to packed ones is shown for columned devices.
The equation allowing to estimate the size of the equivalent
diameter of a packing for a preset value of its specific sur-
face is offered.

2. A linear character of the dependence of the equivalent
diameter of a packing on the void fraction in bulk ceramic
and metal packings is established.
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JRENGINIU SU JKROVOMIS GEOMETRINES
CHARAKTERISTIKOS

Santrauka
Pateikiamas esminis apibendrinimas pagrindiniy duomeny, su-
sijusiy su jvairiy tipy jkrovy koloniniuose jrenginiuose $ilumos ir
masés mainy procesais.

Raktazodziai: jkrovos koloniniuose jrenginiuose, savitasis pa-
vir$ius, hidraulinis spindulys (ekvivalentinis kanalo skersmuo)

Anekcanpp Ilymnos

TEOMETPUYECKME XAPAKTEPVICTUKHN
TUIPABJIMYECKUN PATTUYC B KOMOHHAX
CHACAJKAMU

Peszwme
[IpencraBisieTcsi 06001IeHIle OCHOBHBIX [JAHHbIX, CBS3aHHBIX C
IpoLieccaMyl TEMIO-MaccooOMeHa B KOMOHHBIX alllaparaX ¢ Ha-
CajIKaMIL.

KnioueBble croBa: HacafjKy B KOJIOHHBIX aIlNapaTax, yAelbHas
IOBEPXHOCTD, TUPABIINYECKIIT PA/INYC, TOPO3HOCTD (IKBUBANIEHT-
HBIJ AMaMeTp KaHaa)



