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Pressure drop of high performance random Intalox Metal Tower Packing
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INTALOX Metal Tower Packing (IMTP) is one of the best random packings designed especially for use in
distillation operations. The advantages realized in distillation have been abundantly applied in absorption, liquid-liquid
extraction and direct contact heat transfer operations as well. There is no universal methodology for calculating the
performance characteristics of this packing. The constants of the existing equations for practical calculations are
obtained for each separate packing size. The present work presents and generalizes own experimental data for the
pressure drop of 4 sizes of IMTP packing with nominal diameters of 25, 40, 50, and 70 mm. The experimental data for
dry packing pressure drop are described by an equation with a mean deviation of 5.1%. Equations for determination of
pressure drop of irrigated packing, up to the loading point and above it, are also obtained. These equations reflect not
only the influence of the packing geometry, but also the column redumping.
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INTRODUCTION

Packed bed columns are apparatuses with long
history of exploitation for heat and mass transfer
processes in gas-liquid systems. The actual level of
technological development and the increasing
number of international regulations which deal with
environmental protection further expand the
application field of packed columns. The main
advantages of the random packings are their easy
production using highly effective technology and
easy dumping in the apparatus. Their great
disadvantages are the higher pressure drop in
comparison to the structured packings and the not
very good distribution properties.

INTALOX Metal Tower Packing (IMTP) is a
modern  high  capacity random  packing
characterized by high void fraction, low pressure
drop [1, 2] and high mass transfer efficiency [3, 4].
IMTP is widely used in distillation towers: from
deep vacuum towers, where low pressure drop is
crucial, to high-pressure towers, where capacity
easily surpasses that of conventional trays. Many
absorption and stripping towers, especially those
aiming at high capacity or close approach to
equilibrium, rely on IMTP packing. The low
pressure  drop, high specific heat-transfer
coefficient, as well as the fouling resistance of
IMTP packing contributes to its success in heat
transfer towers [1]. It was shown in [2], on the basis
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of a comparison of specific pressure drop, capacity,
height equivalent to a theoretical stage, and
pressure drop per theoretical stage between
corresponding sizes of random packings, that the
third generation random packings IMTP offer a
noticeable advantage in comparison to the second
generation Pall-Rings. However, the Raschig
Super-Ring packing (RSR) offers a further evident
benefit in comparison to the third generation
random packings—this is why it is called ‘fourth
generation’ [2]. The effective area, a., of IMTP can
be much higher than the specific area [4, 5]. But at
comparable values of the specific area and the
liquid superficial velocities, RSR juxtaposed to
IMTP [4], have about 15% higher effective area
and over 35 % lower pressure drop versus effective
area, at the same gas velocity.

The present paper aims at deriving more precise
equations for evaluation of the pressure drop,
taking into account such very important quantities
as specific surface area and void fraction which
carry the influence of the packing construction and
dimensions,-as well as the dumping of the packing
in the column [6].

EXPERIMENTAL DETAILS

The geometric characteristics of the investigated
packings are given in Table 1. A photograph of one
of them — IMTP 70 is presented in Fig.1. The
packing elements are built of three types of
lamellas, Fig.1l: 1- main narrow lamellas, 2-
lamellas specially bent at 90°, and 3- wide lamellas.
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The geometrical characteristic denotes the minimal
width of lamellas 2 in their narrowest part, Fig. 1.
The nominal diameter d, is the diameter of the
inscribed circle in the packing element. All other
geometrical characteristics are defined as averages
obtained from triplicate redumping of the packing
in a single column section.

Table 1. Geometrical characteristics of the investigated
types of IMTP packing

Name | Surface = Free | Size of Nominal Hydraulic
area  volume lamellas' yismeter Diameter

2 shown
in Fig.1
s dn dh
a &
273 % mm mm mm
m/m

IMTP 25 = 242.8 97.1 2.0 18.6 16.0
IMTP 40 @ 171.6 96.7 31 26.5 225
IMTP 50 @ 107.1 97.8 4.1 375 36.5
IMTP70  66.1 98.5 41 61.0 59.6

Fig.1. IMTP 70 packing

All experiments were carried out in a column
with a diameter D=470 mm and a packing height of
2400 mm. The liquid phase distributor ensured 923
drip points per m® For the pressure drop
investigation the liquid superficial velocity varied
between L=10 and 120 m*/(m? h) in an air — water
system. The packing pressure drop was measured
by means of a special optical differential
manometer with an accuracy of 0.1 Pa. At a
pressure drop higher than 200 Pa, a conventional U-
tube differential manometer was used.

The data for all investigated packings at
different liquid superficial velocities versus the gas
velocity factor are presented in Figs. 2 to 5. The
lines obtained are similar to those already
established for the well-known random packings,
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Fig.2. Pressure drop of IMTP 25 at various superficial
liquid velocities vs. gas velocity factor.
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Fig.3. Pressure drop of IMTP 40 at various superficial
liquid velocities vs. gas velocity factor.

but the measured lower pressure drop shows
improved performance parameters and higher
loading and flooding points.
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Fig.4. Pressure drop of IMTP 50 at various superficial liquid
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Fig.6. Pressure drop of dry and wetted IMTP 50 vs. gas
velocity factor. Comparison with data from [5] and the
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Fig.5. Pressure drop of IMTP 70 at various superficial
liquid velocities vs. gas velocity factor.

DATA CORRELATION

Most of the equations for calculation of the
pressure drop of irrigated packing need relation
for the pressure drop of a dry one.

For practical calculation of the pressure drop
of a dry packing Billet [7] proposed the equation

ﬁ:CdFéy (1)

H

where 4P, is packing pressure drop in Pa; H
denotes packing height in m; Fg= woV pg is the
factor of vapour (gas) velocity in Pa®®; w, is gas
velocity related to the entire column cross section
in m/s and ps is gas density in kg/m®. The
experimental constants Cy4 and e take into account
the influence of the packing dimensions and
especially of the wvoid fraction ¢ and are
determined not only for each packing type, but
also for each element size. Their values are given
in [7] for a number of modern highly effective
packings, but not for IMTP.

Fig. 6 presents a comparison of experimental and
calculated data for the pressure drop of dry and
irrigated IMTP 50 in the system air-water, at two
liquid loads L = 20 and 80 m*(m? h). In all
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experiments the column operates at atmospheric
pressure and room temperature. In [5] the column
diameter is 400 mm and the height of the packing
bed is 1500 mm. The figure shows that the pressure
drop data obtained in the present investigation, the
data from [5] and the values predicted with the
manufacturer software KG-Tower 3.2 are in good
agreement for dry packing and under the loading
point in wetted conditions. Over the loading point
the pressure drop in [5] grows more rapidly with
the increase of Fg, reaching over 30 % deviation
and KG-Tower gives higher values reaching over
50% deviation from our experimental results. For
the present generalization of the experimental data
the dimensionless pressure drop of dry packing v is
used [8, 9],

ARd,

m is the dimensionless
Ps W, /&

where =

. 4
pressure drop equivalent to Euler number; d, il
a

is the packing hydraulic diameter, m; & is the
packing void fraction, m¥m® and a - the packing
specific surface area, m%/m>.

By using dimensional analysis and processing
all data for the dry packings by the least squares
technique, the following equation was obtained:

= o.%{i}w 2)
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Fig.7. Comparison of experimental data for dry
packings with results calculated by Eq. (2).

Fig. 7 presents a comparison of equation (2)
with the data obtained for all studied packings,

where Re; = w4d, is the Reynolds number for the
Vg€

gas phase and vg is the gas phase kinematic

viscosity in m%s . The mean deviation of equation

(2) is 5.1%. The precision of the obtained

experimental constants at 95% statistical reliability

is given below:
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0.96 £ 0.094; 0.27 £+ 0.052.

To determine the pressure drop of the wetted
packing 4P, the well known relationship proposed
by Zhavoronkov et al. [10], was used:

AR,
A ©

where A is a dimensionless value related to the
liquid holdup which accounts for the effect of the
part of free column cross section occupied by the
liquid. To determine this value, the following
additive relationship [10, 11] was used:

A=A +AA 4)
where A, indicates the A value under the loading
point, and AA is the increasing of A over this point.

Applying the dimensional analysis to the
experimental data for packings pressure drop below
the loading point the following expression was
obtained:

A =2.5Re* Fr *“E0** (5)
where Re - 2L is the Reynolds number for the
VL

liquid phase; L - liquid phase superficial velocity,
mrs; gy _La - Froude number for the liquid phase;
g

Eo:péi'g - Edtvos number and o is liquid surface
a o
tension, N/m.

The mean deviation of equation (5) regarding
AP/AP, is 2.6%. The precision of the obtained
experimental constants at 95% statistical reliability
is given below:

2.5+0.14; -0.1 £0.061;
0.44 +0.012; 0.21 + 0.014.

For the experimental data for packing pressure
drop over the loading point the following equation
was obtained:

1.02
AA=T.10°%Fr, % ["p L J Eo®* (6)
WopG

The mean deviation of equation (6) regarding
AP/APy is 3.8%. The precision of the obtained
experimental constants at 95% statistical reliability
is given below:

7.10%+5.10% -0.16 + 0.020;
1.02+0.047; 0.14+0.021
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Fig.9. Comparison of experimental data for the pressure

drop of the wetted packings below the loading point with ~ drop of the wetted packings above the loading point with

results calculated by Eqgs. (3) and (5).

Figs. 8 and 9 present the comparison of the lines
calculated with the proposed equations and the
experimental data for gas velocities below and
above the loading point for all investigated
packings.

CONCLUSION

The pressure drop of four sizes of high effective
IMTP packing is determined and summarized. The
results confirmed the good performance of the
investigated packings. More precise equations for
prediction of the pressure drop at dry and wetted
conditions are derived. They fit the experimental
results with accuracy acceptable for practical use.
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XUAPABJIMYHO CBITPOTUBJIIEHUE HA BUCOKOE®EKTUBHUSA METAJIEH INTALOX
ITBJIHEXK 3A KOJIOHHU AITAPATHU

Cs. II. Hakos, /I. b. JI)xonoBa-Artanacora, H. H. Kones
Hucmumym no unocenepna xumus, bvaeapcka akaoemus na naykume,Yn. “Axao. I'. bonueg” 61. 103,

1113 Cogus

INocrenuna Ha 31 okTomBpHy, 2011 r.; npuera Ha 7 HoemBpH, 2011 r.

(Pesrome)

[emaexsT IMTP e enun oT Haii-moOpHUTe WHIHEKH, CIICIHANHO CBH3IalcH 3a MPOBSXKIAaHE HA ICCTHIIAITHOHHHU
npouecH. [IpeauMcTBaTa, KOUTO € IMOKa3al B TO3U TUIT MPOLIECH, Ca PA3MINPUIN HETOBOTO IPHIIOKEHHE U IIPU CIIydanTe
Ha abcopOLusl, TeYHO-TEeUHa EKCTPaKIMs U TUPEKTEeH TOII000MeH. Bee olie He chlllecTBYBa yHHBEpCAIHA METOAMKA 32
M3YKCIIsIBAaHE Ha pPaOOTHHUTE XapaKTEPUCTHKUA Ha TO3M THIl IBJIHEX, KaTO KOHCTAHTUTE B ChHLIECTBYBALIUTE U
M3MO0JI3BaHU B NPAKTUKATa YPAaBHEHHS Ca IIOJyYeHH 3a BCEKH OTAEJIEH THIOopa3Mep IMbiIHeX. B HacTosara paboTa ca
MOKa3aHu U 000011IeH! COOCTBEHH EKCIIEPUMEHTAIHH JaHHH 32 XUAPABIMYHOTO chlipoTHBieHUe Ha 4 IMTP nbennexa c
HOMHUHAJIHU fuameTpu 25, 40, 50 u 70 mm. ExciepiMeHTaHUTE JaHHU 3a CYXHs ITBJIHEXK CE OMHICBAT C YPaBHEHHUE ChC
cpenHo oTkJIoHeHue oT 5.1%. IlodydeHu ca ypaBHEHHA 3a ONpeeIsHE Ha CHIIPOTHBICHUETO M HA YMOKPEHUS IIBIIHEXK
IIOJ ¥ HaJ TOYKaTa Ha 3ambpkaHe. B mpeanokeHHTe ypaBHEHHUS c€ OTYMTA HE CaMO FEOMETPHATA Ha IIbJIHEXa, HO €
B3€TO MPEIBHU M BIMSHUETO Ha MPE3apekJaHETO Ha KOJIOHATA.
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