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Pressure drop of highly efficient Raschig Super-Ring packing for column apparatuses
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The present work presents and generalizes own experimental data for the pressure drop of highly efficient metal
Raschig Super-Ring (RSR) packing for packed columns. The contemporary demands from the chemical industry for
environment protection and waste free production lead to focusing on application of these apparatuses in purification of
flue gases and waste water. RSR is modern high-performance random packing of latest generation, which combines
effective mass transfer, large interfacial area and uniform distribution of the phases over the column cross section.
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 individual packing size. The aim of the present work
is to propose more precise equations for prediction of the pressure drop of RSR packing, which are common for all
investigated sizes and reflect the influence of the packing geometry and the column redumping.
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INTRODUCTION

Packed bed columns are apparatuses with very
large area of application for heat and mass transfer
processes in gas-liquid systems. The requirements
for industry sustainability lead to their wide
employment for solving problems connected with
reducing the environmental pollution and
increasing the energy efficiency of industrial
processes using conventional and renewable energy
resources. The development of packings of special
materials and designs is of great importance for the
modern applications of packed columns.

The present work presents, discusses and
generalizes the obtained own experimental data for
the pressure drop of metal Raschig Super-Ring
(RSR) packing. This is modern high-performance
packing introduced in 1995 and classified in [1] as
the first random packing of forth generation, which
combines effective mass transfer, large interfacial
area and uniform distribution of the phases over the
column cross section. The high loading capacity
and exceptionally low pressure drop, approaching
that of structured packings, result in high column
throughputs at low operating costs. A comparison
with Intalox Metal Tower Packing (IMTP) with the
same specific surface area [2] shows that the
effective surface of the RSR is about 15 % higher.
The advantages of RSR are explained in [1] with
the hydrodynamic optimization of the packing
geometry. The form of the packing element
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consisting of sinus strips enables formation of
continuous films (characteristic for structured
packings). The recurring connection points of the
strips promote turbulence. The open geometry
provides uninterrupted cleaning of the packing
surface preventing from fouling and reduces drops
formation, which suppresses foaming. The place of
RSR packing is evident from the selection of its
industrial applications in [1], which includes
Natural gas plant, Methanol plant, Refinery plant,
Synthesis gas plant, Effluent water treatment,
Effluent gas plant, Sulfur plant, Ammonia plant,
Ethanol plant etc.

There is no universal methodology for
calculating the performance characteristics of RSR
packing. The equations for practical calculations
proposed in [3, 4, 5] are obtained on the base of a
uniform theoretical approach for random and
arranged packings with packing specific constants
for each individual packing type and size. A
prediction of the pressure drop of RSR packings is
presented in [5] with the assumption that the flow
through the packing is regarded as a flow through a
bundle of identical channels and the relation for an
empty tube is applicable. For the pressure drop of
dry packing the following equation (in our notation)
is proposed:

A_POZCPO{ 64 18 JiFGZl 1 M
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where AP,is dry packing pressure drop, Pa, H is
packing height, m; Ree: is gas flow Reynolds
number
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where wo is gas velocity with reference to the
column cross section, m¥m?; dy is particle
diameter defined as:
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Here ¢ is packing void fraction; v is gas phase

kinematic viscosity, m#/s; 6 = WovAG s gas
velocity factor, Pa®?; pg is gas density, kg/m?; K, is
wall factor, given by the relation
d
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where d. is the column diameter, m.

For calculation of the pressure drop under and
over the loading point of irrigated packings Billet
and Schultes [5] offered the following equation:
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where Fr ~ L2 s the Froude number; Hy is the
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total holdup under the loading point m*m3; H; is
the total holdup for the corresponding regime,
m3/m3; L is the liquid superficial velocity, m¥/m?s; a
is packing specific surface area, m?m3 g is
acceleration of gravity, m/s2.

The packing specific constant Cpp, has been
obtained by processing experimental data,
including data for 6 metal and plastic RSR
packings, and the constant’s values are given in [5]
for each packing type and size.

The aim of the present study is on the basis of
own experimental data to propose general equations
for calculation of the pressure drop of metal
Raschig Super-Ring packings, which are common
for all investigated sizes shown in Table 1 and
reflect the influence of the packing geometry and
the column redumping.

EXPERIMENTAL

The experimental data are obtained in a
column of a 470 mm diameter with a system air-
water, scheme presented in [6]. The liquid
superficial velocity varies between 0 and 120
m3/(m?h). The packing height is 2400 mm. The
liquid phase packing pressure drop was measured
by means of an optical differential manometer with
an accuracy of 0.1 Pa. The distributor ensures 923
drip points per m?. At a pressure drop higher than
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200 Pa, a conventional U-tube differential
manometer was used. The investigated packing is
shown in Fig. 1, [7]. It can be seen that there are
three packing geometries differing in number of
strips and undulation pattern.

Fig. 1. Metal Raschig Super-Ring packings, source
[7]

The packing geometrical characteristics are
shown in Table 1. Here hsdenotes the strip width in
m, and h- the height of the packing element, m, Fig.
2.

Fig. 2. RSR packing element

The nominal diameter d, is the diameter of the
inscribed circle in the packing element in m. All
other geometrical characteristics are defined as
averages obtained from triplicate redumping of the
packing in the column.

Figs. 3 to 9 present our experimental results for
the pressure drop of all investigated packings at
different liquid superficial velocities versus the gas
velocity factor Fe. The obtained lines are typical
for random packings. They are in good agreement
with the data of the manufacturer Rraschig GmbH
[7] for close values of column diameters. It is
shown in [1] that the pressure drop of RSR is lower
compared to similar sizes of other high
performance packings, e.g. the pressure drop of
RSR No. 2 is 38% of the pressure drop of 50-mm
Pall-ring, (system cyclohexane/ n-heptane, 1.65 bar,
total reflux).
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Table 1. Geometrical characteristics of the investigated metal RSR packing

Surface Element Strip width Diameter of Hydraulic
Free . Number . . )
area height - inscribed Diameter
Name volume of strips circle
a 0 h hs dn dh
m3/m?3 e% mm n mm mm mm
Raschig Super-
Ring No. 0.5 236.2 96.5 15 4 3.8 21 16.3
Raschig Super-
Ring No. 0.6 180.5 97.5 20 6 3.3 27 21.6
Raschig Super-
Ring No. 0.7 175.9 97.7 20 5 4.0 34 22.2
Raschig Super- 155.5 98.0 25 6 4.2 34 25.2
Ring No.1
Raschig Super-
Ring No. 1.5 105.8 97.9 30 5 6.0 48 37.0
Raschig Super- 100.6 98.0 38 6 6.3 50 39.0
Ring No. 2
Raschig Super- 74.9 98.0 50 6 8.3 65 52.3
Ring No. 3
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Fig. 3. Pressure drop of metal RSR 0.5 at various
superficial liquid velocities vs. gas velocity factor.

It was found in [6] that at comparable values of
the specific area and the liquid superficial velocities
RSR juxtaposed to IMTP, have about 15% higher
effective area and over 35 % lower pressure drop
versus effective area, at the same gas velocity.

Fig. 4. Pressure drop of metal RSR 0.6 at various
superficial liquid velocities vs. gas velocity factor.

EQUATIONS

The present work accepts the usual channel
model for the flow through the packing, where H is
the height and dn the diameter of the hypothetical
vertical channels and therefore the relation for the
dry packing pressure drop is:
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Fig. 5. Pressure drop of metal RSR 0.7 at various Fig. 7. Pressure drop of metal RSR 1.5 at various
superficial liquid velocities vs. gas velocity factor. superficial liquid velocities vs. gas velocity factor.
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Fig. 6. Pressure drop of metal RSR 1 at various Fig. 8. Pressure drop of metal RSR 2 at various
superficial liquid velocities vs. gas velocity factor superficial liquid velocities vs. gas velocity factor.
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Fig. 9. Pressure drop of metal RSR 3 at various
superficial liquid velocities vs. gas velocity factor.
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equivalent to Euler number, AP, is dry packing

where y = is the resistance factor,

pressure drop, Pa; dj =% is packing hydraulic
diameter, m.

On the basis of dimensional analysis and
processing the experimental data for dry packings
by regression analysis, the following equation was
obtained:

h 0.72
y =40 d—SJ (ad,, )% (7
n
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Fig. 10. Comparison of experimental data for dry
packings with results calculated by Eq. (7).

Fig. 10 presents a comparison of Equation (7)
with the data obtained for all the studied packings,

where Reg = V‘\:Od; is Reynolds number for the gas
G
phase.

The mean deviation of Equation (7) is 4.1%.
The precision of the obtained experimental
constants at 95% statistical reliability is given
below:

4.0 £ 0.46; 0.72+0.028; -0.48+0.075.

It was found that the resistance factor depends
on the geometrical characteristics of the packing
elements expressed by the simplexes hs/d, and ad,,
and is independent of Res, which speaks for
turbulent hydrodynamic regime of the gas flow in
the dry packing bed [8]. The range of Reg in Fig. 10
exhibits some lower limit of the fully developed
turbulent regime than that defined in [9] as
Res>1200, which confirms again that the form of
RSR promotes turbulence, [1].

The equations for determination of the irrigated
packing pressure drop under and over the loading
point are obtained using the relation proposed by
Zhavoronkov et al. [10]:

_ AR, ®)

- A)°
where A is a dimensionless value related to the
liquid holdup and represents the packing void
fraction occupied by the liquid phase. In [10, 11] it
is presented as a sum:
A=A +AA 9)

Ao is the value of A under the loading point and
AA - the increasing of A over the loading point.

Applying dimensional analysis and processing
the experimental data for packing pressure drop
below the loading point with regression analysis the
following expression was obtained:

Ay =0.26Re Y Fr, %% (10)
where Re;, = 4VL is Reynolds number for the liquid
L

a

2
phase; Fr; = LT“ is Froude number for the liquid

phase; v is liquid phase kinematic viscosity, m?/s.

The mean deviation of Equation (10) is 9.3%.
The precision of the obtained experimental
constants at 95% statistical reliability is given
below:

0.26 £0.051; 0.17+0.024; 0.27 £0.015.

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

2 0.30

W,

AA, =0.17 FrL°'3°{+j (11)
e“gdy,
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The mean deviation of Equation (11) is 28%.
This value is acceptable because it corresponds to
only 8.9% mean deviation of AP. The precision of
the obtained experimental constants at 95%
statistical reliability is given below:

0.17+£0.040; 0.30+0.040; 0.30+0.110.

Fig. 11 shows the good agreement of the
predicted pressure drop of irrigated packing by
using Egs. (8) to (11) with our experimental data
below and over the loading point in the film regime
and the loading regime according to the definitions

in [11].
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Fig. 11. Comparison of the experimental data for the
pressure drop of irrigated packings below and above the
loading point with the results calculated by Egs. (8) to
(112).

CONCLUSION

The experimental data for the packing pressure
drop obtained by the presented investigation have
proven the qualities and advantages of RSR
packing. Equations have been proposed, which
generalize our pressure drop data from 7 sizes of
metal RSR packing and constitute simple and
sufficiently precise mathematical model for
pressure drop prediction for engineering purposes.
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Equation (7) is in good agreement with our
measurements for the pressure drop of dry packing
with mean deviation of 4.1%, and the resistance
factor is independent of Reg, which speaks for
turbulent gas flow in the column. The equations for
the pressure drop of irrigated packing describe well
our experimental data under and over the loading
point with mean deviation of 8.9% in respect to the
pressure drop.
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XNAPABJIMYHO CBITPOTUBJIIEHUE HA BUCOKOED®EKTUBHU A ITBJIHEXK RASCHIG
SUPER-RING 3A KOJIOHHU AITAPATU

. B. JlxxonoBa-ArtanacoBa*, Cs. 11. Hakos, E. H. Paska3zoBa-Benkosa, H. H. Kones

Hucmumym no undicenepna xumus, bvreapcka akademus na nayxume
ya. “Axao. I'. Bonueg” on. 103, 1113 Cogus

Ioctenmna Ha 28 mapt 2014 1., npepaborena Ha 23 1oam 2015 T.
(Pestome)

B Hacrosimara pabota ca mpeiacTaBeHH W 00OOIIEHHM COOCTBEHHM EKCIIEPUMEHTAIHW JAaHHU 33 XHUIPABIMYHOTO
CHIIPOTHUBJIEHHME Ha BHCOKO edekTHBeH MeTajdeH mwiHexk Raschig Super-Ring (RSR) 3a KOJOHM ¢ ITBJIHEX.
ChbBpeMEHHHTE H3WUCKBAHUS KbM XHMHUYECKAaTa MPOMHIIUIEHOCT 3a OMa3BaHe Ha OKOJHATa cpefa u 0e30ThagHo
MPOM3BOJICTBO, BOJAT /IO 3aCHJIBAaHE HA MHTEpeca KbM TE3U alapaTrH 3a LeJd KaTo MPeYrCTBaHe HAa JUMHHU Ta30Be U
ormagad Boau. RSR e MonmepeH BHCOKOS(EKTHBEH HACHIICH ITBIIHEXK OT IIOCIETHO IIOKOJICHHE, KOMTO chyeraBa
e(heKTHBCH MacooOMeH, rojsiMa Mexayda3Ha MOBBPXHOCT U PAaBHOMEPHO paslpeciicHre Ha (a3uTe MO HAMpPEYHO
ceveHHe Ha amaparta. He chlllecTByBa yHUBEpCalHa METOIHUKA 3a MPECMATAaHEe HAa PAOOTHUTE XapaKTCPUCTHKH HA TE3U
mbJIHEKU. CHINECTBYBALIUTE YPABHCHUS CHIbPKAT KOHCTAHTH, ONPEHACICHU 3a BCEKU OTHeieH pasmep. llenra Ha
HacTosaTa paboTa ¢ Ja ce MOJydYaT MO-TOYHM ypPaBHCHHUS 3a MPECMITAHC HAa XHUAPABIMYHOTO CHIPOTHBICHHE HA
nbiHeK RSR, 00mu 3a BCHYKH pa3Mepu, KOUTO J1a OTPa3siBaT IEOMETPUsATA HA MBJIHEkKA W MPE3apexkITaHeTO Ha
KOJIOHATA.
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