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CALCULATION OF THE LOWER OPERATING LIMIT OF DUAL-FLOW PLATES
WITH DIFFERENT GEOMETRICAL CHARACTERISTICS

© G. V. Taranenko

We consider the calculation of lower limit of the effective work of dual-flow plates with different geometrical
characteristics. In the equations is proposed to use the parameter T, that allows improve the accuracy of equa-
tions. The equations can be used to improve the methods of calculating the dual-flow plates
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Posensoaemvcea po3paxyHok HudcHb0i medci eghekmusHoi pobomu mapinok HPO8AIbHO20 MUNY 3 PI3HUMU 2€0-
MEMPUYHUMY XAPAKMEPUCUKAMU. Y PIGHAHHAX 3aNPONOHOBAHO 8uKopucmosysamu napamemp T, wo 0o3sonse
nIOGUWUMYU MOYHICMb PiBHAHb. Pigusanna modcyms 6ymu ukopucmani 015 600CKOHANEHHSL MEMOOUKU PO3PAX)-

HKY Mapiniox npoGanbHO20 Muny

Kniouoei cnosa: mapinku nposanbno2o muny, Koaoua, diamemp omeopy, pO3paxyHoK, PiGHAHHA

1. Introduction

The dual-flow plate (counterflow plates type) is
used in chemical industries. They are simple in making
and reliable in exploitation. In the conditions of encrusta-
tion of trays by crystalline or polymeric products the
application of only dual-flow plates with the big hole
diameter (do=0,1 m) is effective. Such trays were used in
production of soda [1], for cleaning coke gas [2], in the
processes of cleaning from a dust and cooling of indus-
trial gases [3]. In [4] also recommended to apply holes of
large diameter in the trays operating in fouling and corro-
sive environments.

The disadvantage of dual-flow plates is a nar-
row range of effective work [5]. The cross-flow plates
are more generally used than the counterflow plates

because of transfer-efficiency advantages and greater
operating range [6].

Therefore, application of dual-flow plate requires
exact their hydraulic calculation.

The hydraulic parameters of dual-flow plate sub-
stantially depend on geometrical descriptions of tray,
such as a fractional open area, diameter of tray, of hole
diameter of plate.

Existent normative documents determining construc-
tion and sizes of TurboGrid tray foresee the slots of one size
regardless of diameter of column (width of slot 6 mm and
its length 60 mm). The diameters of trays are in limits from
0,4t03,0m.

The hydrodynamic calculation of dual-flow plates
and TurboGrid trays is regulated by normative documents
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which are intended for the calculation of the standardized
trays. In these documents the calculation of hydraulic pa-
rameters does not depend on the diameter of trays and hole
diameter of plates.

Therefore, development of calculation method of
dual-flow plates, which takes into big the size hole diameter
of plate and the diameter of tray is an actual task.

2. Statement of the Problem

In this article the dual-flow plates on the experi-
mental sets of hydraulic and kinetic tests with columns
by the diameter D=2,0, 0,4, 0,3, 0,15 and 0,057 m were
explored.

Geometrical parameters of dual-flow plates are
represented in the table 1.

Table 1
Geometrical parameters of dual-flow plates
ti\fy D:Jm?tg ﬁgl Opefrj ;: 851 Hole diameter, do, m
1 16 0,012
2 2,0 25 0,012
3 36 0,012
4 16 0,012
5 0,4 36 0,012
6 56 0,012
7 16 0,008
8 0,3 36 0,012
9 56 0,012
10 16 0,008
11 16 0,012
12 19 0,012
13 22 0,012
14 0.15 25 0,012
15 30 0,012
16 36 0,012
17 46 0,007
18 155 0,002
19 14,6 0,005
20 15,8 0,008
21 17,7 0,012
22 16,3 0,013
23 15,8 0,016
24 16,3 0,023
25 24.9 0,002
26 25,4 0,005
27 0,057 26,6 0,012
28 24,1 0,0125
29 25,0 0,0285
30 36,1 0,002
31 36,0 0,005
32 35,6 0,012
33 36,9 0,020
34 35,5 0,024
35 35,6 0,034

Trays from Ne 1 to Ne 17 were made from steel St3
with thickness 0=0,0015 m. Trays from Ne 15 to Ne 35 were
made from organic glass with thickness §=0,004 m.

The dual-flow plates were explored in the wide
range of change of loadings on the liquid
L=1,6-143 m*(m’-hour) and gas velocity through net area,
achieved the value of wg=4,9 m/s.

For research in columns by the diameter D=2,0,
0,4, 0,15 and 0,057 m the contacting systems air — water
were used. In a column with the diameter D=0,3 m of
research conducted on the contacting system the metha-
nol — water (50 mol. %).
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The operating range of tray were determined their
pressure drop and froth height.

3. Literature review

At certain correlations of contacting phases there
are different hydrodynamic regimes on a tray.

Three regimes operation of dual-flow plates we-
re certain:

— regime of continuous barbotage layer;

— regime of mobile gas-liquid layer;

— regime of destruction of gas-liquid layer [7].

In the regime of barbotage layer (Fig. 1, 2) there
are homogeneous in all directions cellular froth on a tray,
with the horizontal surface of barbotage layer, the height
of which does not change in time, for the same liquid/gas
ratio phases. It is possible to assume that gravity in such
barbotage layer exceed forces of inertia of liquid. In ad-
dition, a barbotage layer is practically symmetric in rela-
tion to the axes of co-ordinates, origin of which is located
on the central vertical axis of dual-flow plates.

Fig. 1. Regime of continuous barbotage layer:
tray # 21 (table 1) L=13,5 m*(m?h), w=0,56 m/s

Fig. 2. Regime of continuous barbotage layer:
tray # 10 (table 1) L=12,7 m*(m?h), w=0,72 m/s
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Fig. 3. Regime of mobile gas-liquid layer:
tray # 21 (table 1) L=13,5 m*(m*h), w=1,44 m/s

Fig. 4. Regime of mobile gas-liquid layer:
tray # 10 (table 1) L=12,7 m%/(m*h), w=0,83 m/s

Under reaching the height of froth of greater
H~=0,1 m layer loses stability (Fig. 3, 4). It is formed mo-
bile by gas-liquid layer which is characterized by ab-
sence of the structured cellular froth. The free surface of
gas-liquid layer is curvilinear. Its height changes in time
for the same liquid/gas ratio phases, has amplitude and
frequency. It is possible to assume that forces of inertia
of liquid in such gas-liquid layer exceed gravities.

Except for it, gas-liquid layer loses symmetry in
relation to the axes of co-ordinates, origin of which is
located on the central vertical axis of dual-flow plates.

Gas-liquid layer appears on dual-flow plates as a
system self-organizing [8]. As correlation of forces oper-
ating in the regime continuous barbotage layer and re-
gime of mobile gas-liquid layer is different transit point
between the regimes, which the certain liquid/gas ratio
phases, it is possible to consider the point of bifurcation.

The point of bifurcation correspond to the height
of the gas-liquid layer H~0,1 m for all explored dual-
flow plates (Table 1).

For finding out of reason of such work of dual-flow
plates the experiments on measuring of dynamic pressure in
a gas phase on the central axis of column by a sensor work-
ing on principle of Pitot tube were conducted [9].

A sensor was located on the axis of column above
the center of dual-flow plate. The value of dynamic pres-
sure was measured on a different height from the plate,
and also common pressure drop of dry tray with the sen-
sor set above it and without the set sensor.

The value of dynamic pressure was measured on a
different height from the plate, and also common pres-
sure drop of dry tray with the sensor set above it and
without the set sensor.

Trays number 24, 29, 35, 19, 26, 31 from Table 1
are investigated.

In Fig. 5 the graphs of change of dynamic pres-
sure on different distance from the plate (with one open-
ing) for the row of velocity of gas in the section of col-
umn are represented.

f=16,3%

+— =363 nile
—— =314 e
—h— =235 mle
—8— =1 44 iz

—— =0, 784 mic

APd,Pa

Fig. 5. Graphs of dynamic pressure dependence (4Pd,
Pa) from distance to the plate (L, m) for different values
of velocity of gas in the section of column (w, m/s)

The graphs show that the magnitude of dynamic
pressure decreases sharply from a maximum value at the
plateau of the tray to a minimum value at a height L =
0,1 m. For all testing plates were obtained similar graphs.

In the article is made some conclusions:

—all investigated trays change the dynamic pres-
sure on the central axis of the column of the gas velocity
in the holes of the plates to the gas velocity in the
cross section of the column occurs at a height of
L=0,05-0,1 m;

— Regime of mobile gas-liquid layer in all the in-
vestigated trays occurs at the gas-liquid layer height
H~0,1 m.

Efficiency of dual-flow plates also depends on re-
gimes of operation.
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The book [7] shows the graphs of efficiency Mur-
phree plates Ne 11, table 1 (Fig. 6), and a graph of the
hydraulic pressure drop for the same tray (Fig. 7).

Efficiency trays

120

100 -#‘—A—A—

) W
60 - g

—&— Recovery factor,
tray Ne7

—&— Murphree
efficiency, tray

Efficiency , %

f/ Ne 11
40 —&— Thermal
l efficiency, tray
20 Ne 19
0 T
0 1 2 3
w, m/s

Fig. 6. Plots of the recovery factor for the condition
rectification; Murphree efficiency in the liquid phase to
conditions desorbing carbon dioxide from water; thermal
efficiency for heat transfer conditions in the bubbling
layer between the heated air and water and the gas
velocity (vapor) in the cross section of the column.
Number trays correspond to the plates from the Table 1

f=16%

1000

900
800 v
700 /‘/
600 / P——
500 I —e—D=0,15m
400

#

300
X

200
100 o

p, Pa

1,5 2 2,5

w, m/s

Fig. 7. A plot of the pressure drop of gas velocity in the
cross section of the column in the desorption conditions

Density irrigation L=12,7 m3(m%*h). Plate Ne 11,
Table 1.

— Bifurcation point.

In book [7] is shown next conclusion: getting the
most efficiency dual-flow plates is observed in regime of
mobile gas-liquid layer.

Therefore, for lower working limit dual-flow
plates must be taken of the gas velocity corresponding to
the bifurcation point.

It is known [10] that an increase in chemical
apparatus to industrial size, scale effect is observed. It
is need for reduce the efficiency chemical apparatus
by increasing their size. This effect exists for increas-
ing the diameter of the dual-flow plates. In [7, 11] to
simulate the hydraulic parameters such as the dual-
flow plates (especially such as pressure drop of plates
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and their range of steady work), it is proposed to use
the parameter T. The parameter T is the ratio of the
sum of the perimeters of all holes of plate plateau to
its diameter. The parameter T is the ratio of the sum of
the perimeters of all openings plateau trays to the di-
ameter of the tray.

4. Determination of lower operating limit dual-
flow plates

Lower operating limit of dual-flow plates depends
on the value of the diameter of the plate for the same
liquid loads, Fig. 8, 9.

do=0,012 m
200 ——=17,7%,
D=0,057 n
= 150 \
Né 100 —m— =16%,
T 50 1% \\ D=0,15m
~a
0 - —&— =16%,
0 1 2 D=2m
w=m/s

Fig. 8. Dependence of the lower operating limit of the
plate diameter of dual-flow plates for f~16 %.

do=0,012 m
100 ——=24,1%,
80 N D=0,057 m
£ 60 X —8— f=25%,
3 40 D=0,15m
E 5 A —a— =25%,
A D=2,0m
O u
0 1 2 3
w, m/s

Fig. 9. Dependence of the lower operating limit of the
plate diameter of dual-flow plates for f~25 %

The graphs show that the lower limit of the work-
ing dual-flow plates essentially depends on the diameter
of the trays. Such dependence is typical for all investi-
gated dual-flow plates.

Size diameter of opening plate affects the hydro-
dynamic characteristics of dual-flow plates of the same
diameter and the same free section.

Fig. 10, 11 shows graphs of the lower working
limit for dual-flow plates column diameter D=0,057 mm,
and the fractional open area f=16 and 36 %, respectively.

Hole diameter of the trays were equal do=0,005,
0,012, and 0,034 m.

The graphs show that for the same liquid loads of
lower operating limit trays decreases with increasing
diameter.
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Fig. 10. Dependence of the lower operating limit of the
hole diameter of dual-flow plates for f~16 %

=36%
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Fig. 11. Dependence of the lower operating limit of the
hole diameter of dual-flow plates for f=36 %

5. Approbation of research results

For the analysis of experimental data for the cal-
culation of the lower operating limit, use method of pro-
posed in [12].

Where
Y=B-e™ Q)
W2 }/ 0,16
Y= — .19, A 2
g-d,-f2 7

B £1/4. 7_g1/8
X_(GJ (7.) ©

AN ratio of the specific gravity gas or vapor to the spe-
7

cific gravity of the liquid; A ratio of liquid viscosity
Hy

to viscosity of water at 20°; é —weight ratio of loads of

liquid and gas or vapor; w — velocity of gas or vapor in
the cross section of the column, m/s; f — fractional open
area of tray m?/m?; d. — equivalent diameter of the open-
ings, m; g — acceleration of gravity, m/s*; a — coefficient;
B — coefficient.

The coefficients A and B are determined from ex-
perimental data by the method of least squares [13].

The lower limit of the dual-flow plates of depends
on the geometrical characteristics of trays, as the frac-
tional open area plate, hole diameter of the plate and the
diameter of the tray.

Therefore, we must select hole diameter in the plate
and the diameter of the tray. Then, the experimental data to
find the coefficients a and B is shown in equation (1).

Average relative error between the experimental
and calculated data was calculated by the equation (4).

1 y-y
A==.3"112c
2
where n — number of calculation points; y. — calculated
values of y. = IgY in correlation

1100 %, 4)

yC:b_C'Xl (5)

y — value calculated from the experimental data; b, ¢ —
correlation coefficients.

The experimental data were processed according
to the geometric parameters dual-flow plates such as
fractional open area of the plates, the diameter of the
column, where a tray is set, and hole diameter of
the plate.

In equation (1)—(3) the diameter of the column is
not included. Therefore, we first chose the experimental
data for dual-flow plates different fractional open area of
the plate and with different hole diameter of the plate.

Correlations were obtained for dual-flow plates
mounted within the column diameter D — 0,057 m.

Plate with a fractional open area of 16 % and a
hole diameter of 0,005-0,0228 m, by analogy with equa-
tion (5), we obtain equation (6)

ye=1,13-0,967X, (6)

where b=1.13; ¢=1,13

The average relative error is calculated by the
equation (6) was — A=380 %.

For plates with a fractional open area of 25 % was
obtained equation (7)

y.=0,397-1,78X. @)
The average relative error is calculated by the
equation (7) was — A=54,7 %.
For plates with a fractional open area of 36 % was
obtained equation (8)

ye=0,314-1,75X. (8)

The average relative error is calculated by the
equation (8) was — A=127 %.

Obtained from the equations (6)—(8) the average
relative errors have a great value. Therefore, the same
experimental data were processed using the parameter T.
When processing according to equation (1) instead of the
magnitude Y substituted in the correlation value Y/T.

Then, for dual-flow plates with a fractional open
area of 16 % and a hole diameter of 0,005-0,023 m, by
analogy with equation (5), we obtain equation (9)

Lg(Y/T)=-0,0355-1,66X. )
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The average relative error is calculated by the
equation (9) was — A=15,2 %.

For trays with a fractional open area 25 % — ob-
tained equation (10)

Lg(Y/T)=-0,212-1,72X. (10)

The average relative error is calculated by the
equation (10) was — A=7,45 %.

For trays with a fractional open area 36 % — ob-
tained equation (11)

Lg(Y/T)=-0,458-1,64X. (11)

The average relative error is calculated by the
equation (11) was — A=6,75 %.

Thus, the accuracy of equations (9)—(11) obtained
using the parameter T is satisfactory.

Parameter T allows to obtain calculation equa-
tions to determine the lower limit of the working dual-
flow plates, which take into account not only the hole
diameter of the plate, and the diameter of the column in
which they are installed.

Processing of the experimental data was per-
formed. At first set the hole diameter of the plate and
calculated parameter T for investigated fractional open
area of the plate and diameters of the columns (Table 1).

After processing of the experimental data, it was
found that the most accurate correlation equation (5) is
obtained using parameter T°°.

The result was a correlation (12)

Lg(Y/T%%)=0,0751-1,68X. (12)

The average relative error is calculated by the
equation (16) was — A=15,1 %.

The hole diameter of the trays was 0,012 m, the
fractional open area — f=16 % of the diameter of the col-
umns was varied from D=0,057 m to D=2 m.

6. Conclusions

Analyzing information that given in the article we
made the following conclusions:

— the calculation of lower operating limit of dual-
flow plates depends on the hole diameter and the diame-
ter of the column, which is not considered by the equa-
tions (1)—(3).

— use of parameter T can increase the accuracy
of the equations for calculating lower operating of
limit dual-flow plates with different geometrical char-
acteristics.
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ACUMIITOTUYECKHUE OINEHKHM U OHEHKHU CXOANMOCTHU ®YHKIHUOHAJIBHBIX
PAOOB, OIIMCBIBAIOIIINX HECTAIIMOHAPHBIE KOJIEBAHUA OBOJIOYEK

© JI. b. Jlepman

Yemanoenenst ceoticmea pewrenuti HeCmayuoHapuvlx 3a0ay OJisi cucmem OupghepeHyuaivbHbvix ypasHenull meo-
puu obonouex. Pewenus nocmpoenvt 8 6uoe pazioxcenuti no cobcmeenHvim popmam konebanuu ooonouku. C
UCHONIb308AHUEM NOTYYEHHBIX (YHKYUOHAIbHBIX PSLO06 HAUOEHbl ACUMNMOMUYECKUe OYEHKU pettenutl Ol Ma-
JIBIX U OONLUWUX (OMHOCUMENILHO OCHOBHO20 Nepuoda cOOCMBEHHbIX KOLeOanutl) npomesicymkos gpemenu. Ilony-
yeHbl 0bwUe OYEHKU CXOOUMOCTU DYHKYUOHATLHBIX PAOOEG

Kniouesvie cnosa: meopusi 060104eK, HECMAYUOHAPHBIE PEULeHUsl, ACUMNIMOMUYECKUE OYEHKU, (DYHKYUOHALb-
Hble psobl

Properties of solution of non-stationary tasks are set for the systems of differential equations of shell theory. So-
lutions are built as decompositions to on own the forms of vibrations of shells. With the use of the got functional
rows asymptotic estimations are set for the small and large (in relation to the basic period of vibrations of the
system) intervals of time. The general estimations of convergence of functional series are received

Keywords: shell theory, nonstationary solutions, asymptotic estimations, functional series

1. BBenenne
XopoIo M3BECTHO, YTO OIHUM W3 Hambojee 00-

MPU 3TOM, OCHOBHAsl TSDKECTh MEPEHOCUTCS UMEHHO Ha
nocrpoenue 3Tux COK.

IIMX METOIOB PEIICHHUs HAa4albHO-KPaeBbIX 3a]a4, KOTo-
pBle paccMaTpHBAIOTCA B MEXaHUKE JAe(OpPMUPYEMOTO
TBEPZOTO Tela, €CTh NPEJCTABICHHE NCKOMBIX BEIMYHH
B BUJIE€ PA3JIOXKECHHUH B PSABI MO0 COOCTBEHHBIM (opMaM
kosnebanuii (CPK). DtoT Meroxa siBisieTcss 0000mIeHHEM
Kiaccudeckoil cxemel Dypre pasmeneHust MmepeMeHHbIX
Ha TUNEepOOINYECKHe CHUCTEMBI BBHICOKOTO IOpSAKA, HO,

Hexotopsle BO3MOKHOCTH €ro HpaKTUYECKOMN
peanu3zanuu JUIs COCTaBHBIX CHUCTeM 000JI0UeK pac-
cMmotpensl B [1, 2], a B [3, 4] noka3aHbl CBOMCTBa pe-
IICHUH 3a7ad yCTAaHOBHUBIIMXCSA KoJIeOaHUH, KOTOpHIE
MO3BOJISAIOT HCIIOJIB30BAaTh MX B KadecTBE Oa3MCHOM
cucTeMbl (PYHKIMI NMPU pPacCMOTPEHUH HECTAIMOHAP-
HBIX 3a1a4 [5].
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