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AHoOTAaNIA.

Hageneno onuc MoaepHizailii pekTudikaiiiiHoi KOJOHH IIJISXOM BCTAHOBJICHHS
KOBIMAYKOBUX TapilIOK HOBOTO BHUKOHaHHS. MojepHi3allis KHUB IMayKOBOi TapuIKH
MOJISITAa€ 'y BCTAHOBJICHI TOPU30HTAIBHO PO3TAIIOBAHMX PENITOK IO TMEPUMETPY
KOBMAauKa, y MICI[l 3aKIHUEHHS NPOPI3iB KOBMAauka pPEKTU(DIKAIIHHOT KOJOHHU IO
J03BOJIUTH MiJIBUIIUTA €(DEKTUBHICTh POOOTH IMIJISXOM 30UIbIIEHHS 1HTEeHCU)IKaIi
Mpoliiecy MacoOOOMIHY 1 3MEHILIUTH YYTIAUBICTh O 3MIHA HABAHTAKEHHS.

KJIIIFOYOBI  CJIOBA: KOBIIAYOK, TAPUIKA, MOJIEPHI3ALIA
PEKTUDIKAILIIA

Summary.

The description of the technological scheme of production of dimethyl ketone
(acetone) is given and described, the operation of the cap rectification column used in
the production, the advantages and disadvantages of its cognition are described. Ways
to modernize the cap of the distillation column, which will allow to solve the problem
of increasing the intensification of the mass transfer process.

KEYWORDS: DIMETHYLKETONE, ACETONE, TECHNOLOGICAL
DIAGRAM, RECTIFICATION

The need for increased quantities of quality lubricants will always be there,
because without it, normal operation of most equipment is not possible, so the topic

of the diploma project is relevant.
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The purpose of the work is to modernize the selective purification plant with
phenol and cresol by upgrading the distillation column.

The installation consists of the main sections [1]: absorption of raw materials by
phenol and cresol from a vapor of azeotropic mixture of phenol, cresol and water;
extraction; regeneration of phenol and cresol from refined dissolution.

Bistillation columns with plates used in the process of selective purification of
oils with phenol and cresol. The benefits of using these distillation columns with
plates: possibility of qualitative distribution of fractions; ease of manufacture,
installation and maintenance; relatively low metal consumption and cost; low
hydraulic resistance. The disadvantages of using these distillation columns with
plates: relatively small surface area of contact of phases, lower efficiency of the plate
and sensitivity to change in load [1].

To improve the performance of the distillation column, upgraded cap plates
should be installed. The efficiency of the column will increase by increasing the
intensification of the mass transfer process and reducing the sensitivity to change. |
propose to install a horizontally spaced lattice along the perimeter of the cap, at the
end of the holes of the cap of the rectification column (Figure 1) [2]. Installing the
grille will increase the contact surface of the phases. Thus increasing the efficiency
without reducing the column performance.

Improved cap plate consists of the body of the plate 1, on which the nozzles are
installed 2 with caps 3. To the caps 3 attached grille 4 in a horizontal position
relative to the cap (Figure 1).

The plate works as follows: when supplying steam to the column, steam passes
through the pipe 2, falls under the cap 3, then the pair passes through the grid 4, this
increases the contact area of the phases.
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1 — distillation column plate; 2 — nozzle; 3 — cap; 4 — grid

Figure 1 — Improved cap plate

To improve the performance of the distillation column, upgraded cap plates
should be installed. The efficiency of the column will increase by increasing the

intensification of the mass transfer process and reducing the sensitivity to change.
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THE MODERNIZATION OF THE HEAT EXCHANGER DESIGN FOR THE
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student Aitubaiev 1.1., assistant professor Ph. D. Huliienko S.V.,
senior lecturer Ph.D Novokhat O.A.
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AHoTanisi: Po3risiHyTO NMUTaHHS BUKOPUCTAHHS TEIIOOOMIHHHMX arapariB B
YCTAaHOBII ~ KyMOJIBHOIO  METOJly BHpOOHMITBA aneroHy. lIpoanamizoBaHa
3al1aTCHTOBAHA KOHCprKI_[iH TEIUIOOOMIHHHUKA Ta 3aIlIPOIIOHOBAHA Horo
MOJIEpHI3allisl, CIIPSIMOBaHa 3MEHIIICHHS T1PaBIidYHOTO OTIOPY.

Kuro4oBi cjioBa: KOHCTPYKIIii, TEMJIO00OMIHHI arapaTH, BAPOOHULITBO, all€TOH.

Abstract: The question of using the heat exchangers in the plant of the cumene
method of the acetone productions is considered The patented design of the heat
exchanger was analysed and the modernization was proposed.

Karwuosi ciioBa: design, heat exchangers, production, acetone (aur:m)

The acetone is widely used as solvent for the different organic compounds, the
nitrates and the cellulose acetate. Due to its low toxicity, it can be used in the food
and pharmacological industry. The acetone also is the base for obtaining of the
ethenone, the diacetone alcohol, the acetone cyanohydrin and other compounds [1].

The acetone can be obtained by the different methods including the dry
distillation of the calcium acetate, the dehydrotation of the propanol and the cumene
method. The last one is main and the cheapest industrial methods of the acetone
production. In that, the benzene and the propylene are the primary products [1,2].

Certainly, the rectification column is the main element of the plats for the
acetone production, but the heat exchangers need the enough attention. The heat

exchangers are used on the different stages of the process including the heating the
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primary mixture, separations of the products, the condensation of the vapor mixtures
etc. At the end of the process of the acetone obtaining the product must be condensed
into the liquid and transported to the warehouse in cooled state. For this purposes the
heat exchangers should have the high surface area and the high intensity of the heat
transfer [3]. Therefore, the modernization of the heat exchanger for technological
scheme under consideration is reasonable.

In the cumene method of the acetone production fro the condensation of the
acetone vapor the patented design of the heat exchanger can be used [4]. It differs by
the design of the distributing chamber. The last one consist the built baffles including
the cut one. The mentioned babbles separate the chamber on the two parts and one of
theme is the inlet cell. In this cell the channel is formed in a shape of the Ventury
tube. This construction provides the good distribution of the fluid among the tubes
and increasing of the heat exchanger effectiveness.

The disadvantages of this heat exchanger include the high pressure drop, which
takes place when the fluid flows through the distributing chamber with many changes
of the flow directions and the cross section of the channel, and the difficulties in the
manufacturing of the individual elements of the construction.

The aim of this study is the improving the heat exchanger design for the
decreasing the hydraulic resistance. The scheme of the proposed construction is
shown on the figure 1.

For this purposes the multiway heat changers is proposed, which operates in
the following way. The heat agent enters to the bottom part distributing chamber
through the tangential fitted inlet nozzle of the tube space. The fluid flux encounters
with the incurved baffle and smoothly changes trajectory of volumes of the heat agent
to the spiral-shaped. The whirling flux is distributed on the lower part of the bundle
of the heat exchange tubes, constricted by the baffle. Then the heat agent flows
through the heat exchange tubes and gets to the elliptical bottom when change the
direction of its motion. After that the heat agent enters to the upper part of the bundle

of the heat exchange tubes and flows to the upper part of the distributing chamber and
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leaves the heat exchanger through the output nozzle. The other heat agent flows in the

inter-tune space.
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Figure 1 — The scheme of the proposed heat exchanger design

Such design allows decreasing of the hydraulic resistance of the elements in the
channel, in which the fluids flows to the tube space, and also simplifying the

manufacturing of the elements of the construction.
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UDC 66.048.3
MODERNIZATION OF THE CONTACT PLATE OF THE MASS
EXCHANGE DEVICE
student Polishchuk D., assistant professor Ph. D. Andreiev .

HauionanbHuil TexHiYHMil yHIBepcuTeT YKpaiHu

“KuiBchbkmii mositexniynmii incturyt imeni Irops CikopcebkoroAbstract.
The design of the plate of the mass-transfer apparatus is offered, it provides uneven
distribution of heavy phase on a round horizontal plate, which significantly improves
the conditions of mass exchange between phases. To improve the contact plate of the
apparatus, the longitudinal axes of the flakes located on the peripheral sections are
directed along concentric circles with centers coinciding with the center of the
circular horizontal web .The proposed design significantly improves the conditions of
mass transfer in the column apparatus.

Key words: column apparatus, mass transfer, contact plate.

Anomauin. 3anponono8ano KOHCMPYKYi0 MapiiKu MacooOMiHHO20 anapama,
3abe3neuye pieHOMIPHICMb PO3NOOLLY 8ANCKOI (hazu no Kpyeiomy 20pu30HmMAaIbHOMY
NOJIOMHY MAPLIKU, WO ICMOMHO NOJINULYE YMOBU MACOOOMIHY Midxc ¢hazamu. J{ns
B00CKOHANEHHS KOHMAKMHOI MAapIIKU — anapama Nno3008%4CHI  OCI  JIYCOYOK,
PO3MAUOBAHUX HA NepUDepilinux OLIAHKAX, CNPAMOBYIOMb 83008MHC KOHYEHMPUUHUX
Kin 3 yenmpamu, w0 30icaromues 3 UEHMPOM KpY2l0c0 2OPUSOHMAIIbHO2O NOJIOMHA.
lIpononosana KoHCcmMpYKYis iCMOMHO NOJNINULYE YMOBU Npoyecy maconepeoadi 6
KOJIOHHOMY anapami.

Knrwouosi cnosa: kononnutl anapam, MmacooOMiH, KOHMAKMHA MAPLIKA.

Contact plates are employed in distillation, absorption and extraction columns
and can be used in the chemical, food industries, and related sectors.

The traditional contact plate is a circular horizontal web with a receiving the

section in the form of a solid segment formed by the removed segment of a circular

10
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horizontal canvas draining section and located between these sections contact area
with cylindrical holes. The disadvantage of this plate is low productivity due to the
slow-motion of the liquid phase (liquid) on a circular horizontal canvas plate.
Furthermore, the heavy phase is unevenly distributed in areas of a circular horizontal
canvas outside the rectangle, the opposite sides of which coincide with the chords of
the receiving and draining sectors worsen the conditions of mass transfer between
phases.

The direction of the draining area of the flakes accelerates the movement of the
liquid phase on a circular horizontal canvas plate, which increases the performance of
the plate and the apparatus as a whole. However, still, the heavy phase is uniformly
distributed in the portions of the circular horizontal canvas, located outside the
rectangle, the opposite sides of which coincide with the chords of the receiving and
draining sections.

To ensure uniform distribution of the heavy phase over the circular horizontal
canvas of the plate, it was proposed that the longitudinal axes of the flakes, located
outside the rectangle, opposite sides of which coincide with the chords of the
receiving and draining sections, be directed along with concentric circles with centers
centered horizontally. This the design ensures uniform movement of the heavy phase
within the contact area of the circular horizontal canvas plate, which significantly

improves the conditions of mass transfer between phases (see Fig.).

1 - round horizontal web, 2 - receiving area, 3 - draining area, 4 - contact area, 5 -
flake, 6 - rectangle, 7 - concentric circles
Fig. - Contact plate of mass transfer apparatus (a) and separate flake (b)

11
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UDK 66.048.3

CONTACT PLATE COLUMN APPARATUS WITH PULSATING
MOVEMENT OF THE LIGHT PHASE

student Kovalov R., assistant professor Ph. D. Andreiev I.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The design of the plate of the mass transfer apparatus is proposed, it
creates the pulsating motion of the light phase (gas, steam) at the outlet from the
petals into the heavy phase layer, which further intensifies the process of mass
transfer between phases. To improve the contact plate of the apparatus, each flake is
made with transverse corrugations. The proposed design significantly improves the
conditions of mass transfer on the plate mass transfer apparatus in a wide range of
loads of the plate in the processed phases.

Key words: mass transfer, contact plate, ripple.

Anomauis. 3anponono8ano KOHCMPYKYil0 MApiiky MacoooMiHHO20 anapama,
CMBOPIOE NYAbCAYIUHULL PYX NecKoi (ha3u (eazy, napu) Ha uxoodi 3-nio 1yCOYOK y uap
8AJICKOL hazu, wo 000amKko8o iHmeHcupiKye npoyec mMacooominy midxc gasamu. Jns
B00CKOHANICHHS KOHMAKMHOI MApPiIKU anapama KONCHY JTYCOYKY BUKOHYIOMb 3
nonepeunumu 2ogpamu. Ilpononosana KOHCMPYKYisi iCMOMHO NONINULYE YMOBU
maconepeoadi Ha mapiiyi MAcoOOOMIHHO20 anapama 6 WUPOKOM) Oiana3oui
HABAHMAIICEHb MAPLIKU N0 00pP0oO.II08aAHUX (haszax.

Kniouosi cnosa: macoodomin, KOHmMakKmua mapiika, nyabcayis.
Contact plates are used in mass transfer column apparatus apparatus in the

process of rectification, absorption, desorption, extraction in chemical, petroleum,

food and many other industries.
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Increasing the efficiency of the mass transfer process is one of the main areas
of improvement of the mass transfer apparatus plates that have taken place recently
[1].

To improve the contact plate with the bent upwards and directed towards the
drain section of the mass transfer apparatus, each petal was proposed with transverse
corrugations [2]. This design creates a pulsating movement of the light phase (gas,
steam) at the outlet from the scales in the layer of heavy phase, moving on a circular
horizontal canvas plate and this further intensifies the process of mass transfer
between phases.

The proposed contact plate mass transfer apparatus contains a circular
horizontal canvas 1 with a receiving area 2 in the form of a solid segment formed by
the removed segment of the circular horizontal canvas 1 drain section 3, and located
between the specified sections 2 and 3 of the contact area 4 with the bent up and
pointing to the side drain section 3 of petals 5. Herewith the longitudinal axis of the
petals 5, located outside the rectangle 6, the opposite sides of which coincide with the
chords of the receiving 2 and drain 3 section, directed along concentric circles 7 with
centers, which coinciding with the center of the circular horizontal canvas 1. Each

petal 5 is made with transverse corrugations 8 (watch Fig.)

B
8
J

1— a circular horizontal canvas, 2 — the receiving area, 3 — the drain section, 4 —

the contact area, 5 — petal, 6 — the rectangle, 7 — concentric circles, 8 —
corrugations.

Fig. — Contact plate of mass transfer apparatus (a) and separate petal (b)

14
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THE MODERNISATION OF THE HEAT EXCHANGER DESIGN FOR THE
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piakodazHoro ajikiayBaHHsS OEH30JIy MPOILUICHOM, a caMe XOJOAWIbHUKA, Y SIKOMY
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KarouoBi caoBa: Ilponan, pigkodasHe ankiayBaHHS, XOJIOAWIbHHK,
MOJEpHI3alis.

AnoTtanis: It is proposed to upgade one of the elements of the scheme of
liquidal alkylling of benzene with propylene, namely a cooler, in which the faulty
product of the reaction propane is cooled.

Karwuosi ciiosa: Propane, liquidal alkylalling, capacitor, upgade.

The propane in organic compound of the alkane class. The pure propane has no
smell, however, the additional component may be added with signal smell. The
propane is used for connection of the gas equipment, as an engine fuel, and also for
the gasification of a remote populated localities or separated houses for which the
building of the gas pipe line is not reasonable [1, 2].

Propane can be obtained as a side product of the benzene alkylation process.
This technological line includes significant number of the heat exchangers. One of
them is dedicated to cooling of the propane from distillation column [2]. The aim of

this research is modernisation of this heat exchanger.
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For propane cooling the different designs of heat exchangers may be used, such
as shell and tube, double tube, plate. For considered case the shell and tube heat
exchanger are the most suitable [3].

It was proposed the modernisation of shell and tube heat exchanger [4]. This
design includes the boy frame in which the tube bundle with knurl on the external
surface is installed. The tubes are fixed in the tube plates on the flat end of the body
frame. The heat exchanger also includes the partitions and inlet and outlet nozzles for
heat agents. The external surface of the heat exchange tubes is coated by the material
with low wettability and and the distance among the partitions decrease form inlet to
outlet of the heat agent outside of tubes.

The disadvantage of this heat exchanger is placement of inlet and outlet
nozzles. The distance between nozzle and place of connection of the body frame and
tube plate is to low this lead to increasing of the boundary tensions.

For the solutions of this problem the modernisation of the heat exchanger
design is proposed. The inlet and outlet nozzles are installed in the middle of the
body frame. And also outside of tubes the additional partition with the plate is
installed. These changes in the design allows decreasing the boundary tensions in the
apparatus.

The heat exchanger (figure 1) includes the body frame 1, the partition chamber
2, the turning chamber 3, the tube bundle 4, the tube plates 4, the partitions 6 and
nozzles 6-10.
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Figure 1. The general form pf the heat exchanger design
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The heat exchanger works in following way. The first heat agent flows to the
inlet nozzle 9 then passes through the the partition chamber 2, and entered the tubes
of the tube bundle 4. After that heat agent change the flow direction in the turning
chamber 3, and continue flow in the tubes to the partition chamber 2. This heat agent
leaves the heat exchanger through the outlet nozzle 10.

The second heat agent entered to the apparatus through the inlet nozzle 7,
flows outside the tubes across the partitions 6 and leave the heat exchanger through
outlet nozzle 6.

When the heat agents simultaneously flow in the different spaces of the heat
exchanger the heat transfer occurs through the tube wall.

As mentioned above, this design allows decreasing the boundary tensions in

the heat exchanger.
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Kuro4oBi cjioBa: KOHCTPyKIIii, TEMII000OMIHHI anapaTi, BAPOOHUIITBO, (DEHOJ.

Anotanisi: The question of using heat exchangers in the plant of cumene
acetone production method is considered. The patented design of the heat exchanger
Is analyzed and modernization, aimed at the reduction of edge stresses is proposed.

Karwuosi ciioBa: constructions, heat exchangers, production, phenol.

The phenol is widely used in the drug production and the manufacturing of the
synthetic fibers such as nylon and kapron. However, the most important field of ithe
using of phenol is the production phenol formaldehyde resin [1, 2]. There is about
five industrial methods of phenol manufacturing. In current work the production of
the phenol of cumene hydroperoxide by cumene method is considered [1].

In this plant the heat exchanger is used for cooling of phenol condensate from
the distillation column in which the separation of the phenol and acetophenone takes
place [2]. This heat exchanger is impotent part of the plant so its modernization is
reasonable.

For such purposes the shell and tube heat exchangers are suitable [3]. In work

[4] the shell and tube heat exchanger-condenser if proposed. It includes the tube
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bundle, which are fixed in the tube plates on the flat ends of the body frame, the
nozzles for input and output of the heat agent into the tubular annulus, the nozzles for
input and output of the heat agent into the tubular space. The external surface of the
heat exchange tubes is coated by the material with low wettability and the distance
among the partitions decrease from input nozzle to output nozzle in the tubular
annulus.

The disadvantage of the design is that the nozzles are placed close to the place
of connection of the apparatus shell with the tube plate which causes the increasing of
the boundary tension.

It was proposed the way of solving of this disadvantage by placing the the
nozzles for input and output of the heat agent into the tubular space in the central part
on the body frame as shown on the figure 1. Also. In the center of the tubular annulus
the partition with additional plates, that lead the flow across mentioned plates firstly

to the ends of the tubular annulus and then to the output nozzle.

///
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Figure 1 — The scheme of the proposed heat exchanger

The proposed heat exchanger functions in following way. The cold heat agent,
which has the temperature lower than the condensation temperature of phenol, is fed
into the nozzle 9. Them the cooling agent flows in the heat exchanger system form
nozzle 9 to the distributing chamber 2, heat exchange tubes 4 and chamber 3 tho the
output nozzle 10. The teat agent in the tubular annulus, which is needed to be cooled,

Is fed to the nozzle 7 for the input of the heat agent. The heat agent flows into the
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shell 1 and contacts with the surface of the surface of the heat exchange tubes 4. The

temperature of heat agent become decrease. The heat agent flows to the ends of the
tubular annulus, then flows across the partitions, installed in the midle of the tubular
annulus of the shell 1, and, finally flows to the output nozzle 8. The output nozzle 8 is
fixed into the center of the shell 1. Cooled heat agent leaves the heat exchanger
through the nozzle 8.

The proposed design of the heat exchanger allows substantively decreasing of

the boundary tensions
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Amnoranisi: The using of heat exchangers designs for the brine purification
plant by lime carbonate-soda method was analyzed.

Karwuosi caosa: design, heat exchange apparatus, productivity, purification,

brine.

The sodium carbonate (soda) is widely used in glass and chemicals. In
particular, about 50% of all produced sodium carbonate is used for glass production,
25% - for chemicals production, 13% -for soap production, 11% - another
technological operations such as pulp and paper productions, metals refining, tannery
etc. The soda is also used in daily living needs [1].

There are two methods of sodium carbonate producing namely Leblanc process
and Solvay process. In the second one the brine is used instead of solid salt. It is great
advantage since the production and transportation of brine is cheaper. On the soda

plants the brine is predicated by lime carbonate-soda method [1].
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The heat exchangers are important parts of plants for brine purification since
the process should be carried out under increased temperature and in particular they
are used for heating of feed solution. Therefor the modernization of such heat
exchanger is reasonable [2, 3].

For described purposes the proposed in work [4] design of heat exchanger can
be used. It differs by the design of partitions un the distributing chamber, in which
one cell is made in a form of the Venturi tube. This heat exchanger allows providing
the uniform distribution of the heat agent in the tubes.

The drawback of this design is the high hydraulic resistance to the heat agent
flow in the distribution chamber due to charge in flow direction in contact with
incurved fender and passing through the Venturi tube. The complexity of
manufacturing of the elements and parts of proposed heat exchanger is another
disadvantage.

The aim of this study is the modernization of heat exchanger design which
allows decreasing of hydraulic resistance with maintenance of uniform distributions.

The proposed modernization is shown on the figure 1.
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Figure 1 — Scheme of proposed heat exchanger design

The proposed heat exchanger works in following way. The heat agent entered
to the top part of the distributing chamber 8 through the tangential nozzle 5 to the
inner tube space. Then the flux in the distributing chamber 2 contacts with the
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incurved plate 9 and smoothly change the trajectory to the spiral-shaped. The
whirling flux flows to the tubes and distributes on the tube plate 3 surface and enters
to the tubes 2. Then the heat agent flows through the tubes to the chamber 6, when it
changes the directions and flows back to the distribution chamber 8 and the heat
exchanger through the output nozzle (does ot shown on the scheme).

The other heat agent entered to the heat exchanger through the nozzle 10 and
flows in the tubular annulus formed by the tubes 2 and shell 1 and leave it through the
nozzle 4. The heat transfer occurs through the tubes’ surface.

This design allows decreasing of hydraulic resistance of the channel for the
passing of the heat agent/ It also provide the simplification of the manufacturing of

the pars of the heat exchanger.
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Abstract: The modernization of the dimethyl ketone plant using a cap
distillation column due to the increase of the phase surface contact is considered.

Key words: Dimethyl ketone, distillation column, condenser.

Distillation columns are commonly used to produce dimethylectenone.
Production is carried out in a plate distillation column equipped with refrigerators,
which maintain the temperature of the liquid of the upper plate from 120 °C to 105
°C, Figure 1.

Heated air, pre-cleaned of contaminated and mechanical impurities, is fed to
the lower part of the column 1 at a pressure of more than 0.4 MPa, Figure 1. Fresh
and reversible isopropylbenzene, to which hydroperoxide is added, initiates the initial
oxidation stage in the collector 5 and enters the heat exchanger 4. on the upper plate
of the reactor. The air moves against the flow of liquid, bubbles through it on the
plates of the column, while capturing the vapors of isopropylbenzene and volatile
residual products, which condense in the refrigerator 2. Residual air is discharged
into the atmosphere, condensate is purified in the washing separator 3. The
hydrocarbon layer is poured into , the water layer is recirculated into the flush and
drained into the sewer. The oxide from the bottom of the column 7 contains up to
30% hydroperoxide. It gives its heat to isopropylbenzene in heat exchanger 4,

throttles to a residual pressure of more than 4 kPa and enters the vacuum rectification
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to concentrate the hydroperoxide. Distillation of isopropylbenzene is introduced into

the nozzle-distillation column 6 of continuous action by supplying a compensator-

deflector. The use of vacuum is due to the thermal instability of the hydroperoxide.

[1]

Figure 1 — Technological scheme of the method of obtaining dimethylectenone

The disadvantage of this distillation column is the insufficiently effective
design solution for phase separation, which reduces the intensification of the mass
transfer process, so it is necessary to solve the problem of increasing the
intensification of the mass transfer process. This problem can be solved by increasing
the contact surface of the phases, ie increasing the efficiency of the plate without

reducing the performance of the column. [2]

Flows: A - feed of the absorbent; B - removal of the absorbent; C - supply of
gas mixture; D - gas outlet; 1 - column body; 2 - bottom; 3 - cover; 4 - valve plate; 5

hatch - manhole; 6 - support.
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Figure 2 - Distillation column

For this column, an improvement is possible, which involves increasing the
intensification of the mass transfer process by installing a grid near the cap of the
distillation column, which increases the contact surface of the phases, ie the
efficiency of the plate, without reducing the productivity of the column. [2]

The grille is installed at an angle around the perimeter of the cap, at the end of

the slots of the cap.

Figure 3- Improving the cap plate

The advanced cap plate consists of a plate body 1 on which nozzles 2 with caps
3 are mounted. Lattices 4 are connected to the plate caps 3 at an angle relative to the
cap.

The advanced cap plate works as follows. When supplying steam to the
column, the steam passes through the pipe 2, falls under the cap 3, then it passes
through the grid 4, thereby increasing the contact area of the phases.

The proposed model will increase the intensity of the mass transfer process.

References:

1. Zbirny'k tez dopovidej XXV Vseukrayins'koyi naukovo-prakty chnoyi
konferenciyi studentiv, aspirantiv 1 molody'x vcheny x «Obladnannya ximichny x
vy 'robny cztvi pidpry'yemstv budivel ny'x materialiv» (m. Ky'yiv, 25-26 ly stopada
2019 r.). — Ky'yiv : KPI im. Igorya Sikors'kogo, 2019. — S. 6-7.

2. Zayavka na deklaracijny’j patent Ukrayiny na kory'snu model™ # u 2019
10182 Rekty fikacijna kolona vid 04.10.20109.

27



36ipuuk Te3 qonoBineir XXV BceykpaiHChKOI HAYKOBO-NPAKTHYHOI KOH()epeHLii CTy/AeHTiB,
acmipaHTiB i MoJsiogux BueHux “O0J1agHAHHSA XIMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaiBeIbLHUX
MarepianiB”

UDC 676.056.521
DETERMINING THE LIMITING STAGE DURING PAPER DRYING
Professor, Ph.D. Marchevsky V.M.,
senior lecturer, Ph.D. Novokhat O.A., student Danchyshen I.A.
National Technical University of Ukraine

«lIgor Sikorsky Kyiv Polytechnic Institute»

Abstract.

The analysis of heat transfer during drying of a paper cloth is given. The
limiting stage under different conditions of the drying process is set. The analysis of
existing designs of drying cylinders is given. A completely new design of the system
for condensate drainage in the drying cylinder is proposed. A description of this
design is given.

KEYWORDS: PAPER, DRYING, MOISTURE, DRYING CYLINDER,
PAPERMAKING MACHINE

AHoTAaNIA.

HageneHo anaini3 mepeHocy TEIUIOTH IiJl Yac CYIIIHHA ManepoBOro MOJIOTHA.
BcranoBneHno niMmiTyrouy CTajiilo 3a pi3HUX YMOB Tpoliecy cyurinHg. Hasegeno
aHaI3 1ICHYIOUMX KOHCTPYKIIM CYIIUIBHUX IMTIHAPIB. 3allPOMOHOBAHO a0COIIOTHO
HOBAa KOHCTPYKIIiSI CUCTEMH ISl BIBOAY KOHJIEHCATy B CYIIMJIBHOMY ITHJIIHIPI.
Hanano onurc nqaHoi KOHCTPYKIIii.

KJIFOYOBI CJIOBA: ITIAIIIP, CYIIIHHA, BOJIOI'ICTD, CVYILIWJIBHUA
HMJITHIP, ITAIIEPOPOBHA MAIIIMHA

The paper web is dried on drying cylinders due to condensation of water vapor.
When calculating heat transfer from steam to paper, it is customary to determine
three thermal resistances: heat transfer by heat transfer between steam and the inner
surface of the drying cylinder, thermal conductivity through the cylinder wall and

heat transfer from the outer surface of the cylinder to the paper web.
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The heat transfer coefficient takes into account these thermal resistances [1]

and is as:

where — — thermal resistance of heat transfer from condensing steam to the

0y
meK

W

inner surface of the drying cylinder, — thermal resistance of thermal

ma | Oy

2

conductivity, ﬂ:j; Dci — thermal resistance to heat transfer from the outer surface of
2
z
the cylinder to the paper, ﬂ::.

The heat transfer coefficient oc; shows the heat transfer rate. Its value is quite

large and is recommended for calculations of heat transfer by condensation of steam

W
z

in the cylinder 4000 The value of thermal resistance at this value oc; s

m2KE’

1 _0,00025 ™%
4 W

000
The thermal resistance of the heat flux transferred by thermal conductivity

through the cast iron shell of the drying cylinder with a thickness of 6 = 25 mm is

5 0025 W

A 30

= 0,0005 MB—TK where A is the thermal conductivity of cast iron,

m2K’
Modern paper machines develop the speed of the contact surface of the

cylinders up to 70-120 %m When operating at such speeds, the drying cylinder must

have perfect dynamic balancing. Condensate in such cylinders under the action of
centrifugal forces takes the form of a ring, which moves with a small slip relative to
the inner surface of the cylinder. In such cylinders ladles and fixed siphons are not
suitable. Under such conditions, the cylinders are equipped with siphons that are
securely attached to the cylinder head and rotate with the cylinder.

The thickness of the condensate ring rotating together with the cylinder is equal
to the gap between the suction nozzles of the siphon and the inner surface of the
drying cylinder. In production, the size of the gap is recommended to maintain within

4-5 mm. With this recommended gap, the thickness of the condensate layer in the
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cylinder will also vary within 4-5 mm. This layer of condensate moves together with
the inner surface of the cylinder with almost no mixing. And on its surface there is a
condensation of heating steam. The heat of condensation is transferred through the
condensate layer and the shell of the drying cylinder by thermal conductivity to
contact with the paper web.

It is obvious that the condensate layer forms an additional thermal resistance,
the value of which increases with increasing condensate thickness. The graph of the
dependence of the thermal resistance on the thickness of the condensate is shown in
Figure 1.
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Thickness of the condensate layer, mm
Fig. 1 - The dependence of thermal resistance on the thickness
of the condensate
As can be seen from Figure 1, at the recommended gaps within 4-5 mm, the

thermal resistance of the condensate layer at the appropriate thicknesses is 0,005865-
0,007331 =X
W

Comparing the values of thermal resistances, it is seen that at the recommended
gaps, and accordingly the thickness of the condensate layer, the latter is the limiting
stage of heat transfer to the paper.

Obviously, to reduce the thermal resistance of the condensate layer, it is
necessary to reduce the thickness of the condensate layer. To do this, we have

proposed a fundamentally new design of the drying cylinder. The design differs in
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that a siphon device larger than the inner diameter of the cylinder shell is attached to
the end cover of the drying cylinder.

The condensate drain structure is easily and securely mounted on the inner
surface of the drying cylinder cover during assembly. After connecting the cover to
the cylinder, the nozzles are screwed into the siphon. The position of the nozzles is
adjusted by screwing all the way into the inner surface of the groove. The cut of the
nozzles is set in the direction of rotation of the cylinder. Their position is fixed by
locknuts.

During the operation of the drying cylinder on the layer of condensate created
on the inner surface of the cylinder, the centrifugal force and pressure force. The
resulting pressure from these forces creates significant pressure on the condensate
layer. As a result, the condensate in the form of a thin film moves around the
perimeter of the inner cavity of the cylinder in the groove, where the nozzles of the
siphon tubes. Condensate fills the groove and closes the nozzle openings, preventing
steam from entering the siphon pipes. Under the action of the difference between
vapor pressures and centrifugal forces, the condensate moves through the siphon
pipes and the coaxial passage to the exit of the cylinder into the steam condensate
system.

Fresh steam is fed into the drying cylinder through the axial nozzle. The jet of
steam from the nozzle strikes the opposite cylinder cover, spreads along its surface to
the inner surface of the cylinder shell, creating a circulating movement of steam that
accelerates the movement of the condensate film to the groove, respectively reduces

the thermal resistance of the condensate film and increases condensation.
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Summary.

In the work are analyzed the existing designs of devices with a fluidized bed
are considered and the possibility of ensuring an energy-efficient process of
preparation of a solution for dehydration during granulation of organo-mineral
fertilizers, which in addition to soluble components includes insoluble bone meal.
Based on the results of the analysis of existing structures, the choice of granulator for
design is substantiated.
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AHoTanist

PosrisiHyTO icHyrOWi KOHCTPYKIli amapaTiB 13 TCEBIO3PIKEHUM IIapoM Ta
MPOAHANI30BAaHO  MOXJIMBICTH  3a0€3MEUYEHHsI  €HEpProe(eKTUBHOIO  MPOIECY
MIATOTOBKY PO3YHMHY HA 3HEBOJHEHHS MPU TPAHYJIALIT OpraHO-MiHEpaIbHUX JT00pPHUB,
70 CKJIaMy SIKUX OKPIM PO3UYMHHUX KOMIIOHEHTIB BXOJWTH HEPO3YMHHE KICTSHE
OopoiiHo. 3a pe3yjbTaTaMU OISy ICHYIOUMX KOHCTPYKIIH OOIPYHTOBAaHO BHOIp
rpaHyJsToOpa AJis IPOEKTyBaHHS.

KJ/IFOYOBI CJIOBA: ['PAHYJIALIA, OPI"’AHO-MIHEPAJIbHI
JOBPUBA, AITAPAT I3 IIEPEMIIITYIOUYUM ITPUCTPOEM

Over the last 25 years, Ukraine has been experiencing a shortage of potassium,
calcium and, especially, phosphorus-containing fertilizers. At the same time, the
active commercial exploitation of agricultural land during the cultivation of essential

oilseeds, corn and other industrial crops has led to intensive soil depletion.
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To eliminate these negative factors, there is an urgent need for the production
of multicomponent organo-mineral fertilizers that contain nitrogen, potassium,
calcium, magnesium, phosphorus, sulfur and humic substances, which help to
improve soil formation.

However, all the above components are contained in the waste of the chemical
and food industries, namely: ammonium sulfate from the production of caprolactam
in liquid form, as well as water-insoluble components of sunflower ash from waste in
the processing of sunflower seeds and bone meal from animal bone waste products.

Ammonium sulfate is high in nitrogen and sulfur, sunflower ash is rich in
potassium, calcium, magnesium and phosphorus, and contains essential trace
elements for plants, and bone meal consists of phosphorus, calcium and contains a
small amount of nitrogen.

Today in the world practice humic substances are widely used as growth
stimulants, together with mineral fertilizers. Therefore, increasing the efficiency of
production of humic-organomineral fertilizers, which would contain a given amount
of nutrients of organic, mineral origin and humates is relevant.

The utilization of the above industrial wastes is proposed to be carried out
according to the technology of obtaining multicomponent organo-mineral fertilizers
[2, 3], where the above components are mixed in a separate apparatus to a
heterogeneous liquid system before granulation.

The main requirements for the apparatus with a mixing device are to ensure
efficiency and intensity during mixing.

The aim of the work is to substantiate the choice of the device with the mixing
device and the working element of the mixer to ensure the most energy-efficient and
high-quality mixing of multicomponent liquid systems containing suspended fine
components.

The design of mechanical mixing devices consists of such main parts as: mixer,
shaft and drive. The stirrer is a working element of the mixing device, which is

mounted on the shaft. The shaft can be horizontal, vertical or inclinedThe drive can
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be realized through a V-belt transmission, a reducer or directly from the electric
motor.

The stirrer consists of one or more pairs of blades of different shapes. The main
factors that characterize the operation of the mixers are: power consumption and
mixing efficiency. There are the following mixers by type of blade: blade, turbine,
propeller, anchor, universal, drum, disk, vibrating. Consider devices for mixing
coarse suspensions.

Blade stirrers. The simplest paddle stirrers have two flat blades mounted in a
vertical plane perpendicular to the direction of rotation. The number of revolutions of
the shaft 12 - 80 rpm The diameter of the blades is approximately 0.7 of the diameter
of the tank. At low speeds of the stirrer, the liquid makes a circular motion, ie rotates
in a circle lying in the horizontal plane in which the blades move. Under such
conditions there is no shift of different layers of liquid and intensity of hashing
increases. Intense mixing is achieved as a result of the appearance of secondary flows
and vortex motion of the liquid. Secondary flows occur under the action of
centrifugal forces. As a result, in the center of the vessel there is a reduced pressure,
and in the area of reduced pressure, the liquid is absorbed from the layers above and
below the blade. As a result, fluid circulates in the vessel. Secondary flows are
formed together with the main circular motion of the fluid, creating a complex
movement in which there is intense mixing of the individual layers. The intensity of
mixing increases with increasing number of revolutions, however, the power
consumed by the stirrer increases significantly.

Turbine open stirrers. Turbine open stirrers work at 100 - 350 rpm. and
provide intensive mixing of the liquid. Open turbine stirrers are an advanced design
of simple paddle stirrers. The rotation of several blades, located at an angle to the
vertical plane, creates axial jets of liquid along the radial jets, which contributes to its
intensive mixing in large volumes. The intensity of mixing increases when installing
in the vessel reflective partitions.

Anchor stirrers. Anchor stirrers operate at 45 - 60 rpm and belong to the

group of low-speed mixing devices. Used in cases when there is a need to improve

34



36ipuuk Te3 qonoBineir XXV BceykpaiHChKOI HAYKOBO-NPAKTHYHOI KOH()epeHLii CTy/AeHTiB,
acmipaHTiB i MoJsiogux BueHux “O0J1agHAHHSA XIMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaiBeIbLHUX
MarepianiB”

the transmission through the wall or to eliminate precipitation on the walls of the
device. The mixer consists of a cylindrical sleeve, to the outer surfaces of which are
welded two profiled blades. The profile corresponds to the inner surface of the body
of the device, and the blades have a conical or elliptical shape. The intensity of
mixing increases due to the installation of additional plates parallel to the cylindrical
part of the body of the apparatus.

After analyzing the principle of operation of existing types of mixers, it was
found that the anchor mixer is the most profitable for mixing mineral and organic
fertilizers. Since the density of the suspension is not high, you do not need a high
intensity of mixing. The presence of large solid inclusions requires a large mixing
area and the absence of stagnant zones, with which the anchor stirrer copes well. In
addition small cost of the mixer and simplicity of its operation, in comparison with

turbine allows to reduce production cost.
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Annotation

The existing designs of granulators with a fluidized bed are considered and the
possibility of ensuring an energy-efficient process of obtaining granular organic-
mineral fertilizers with a layered structure is analyzed. Based on the results of the
analysis of existing constructures, the choice of granulator for designing is
substantiated.
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AHoTaNis

Po3risiHyTO iCHYIOUl KOHCTPYKI[li TpaHyJIsTOPIB 13 MCEBAO3PIIKEHUM IIaAPOM
Ta TPOaHATI30BaHO MOXKJIUBICTh 3a0e3MeUYeHHs CEHEeproe(EKTUBHOTO IIPOIECY
OJIep)KaHHS ~ TPAaHYJIbOBAHMX OPTraHO-MIHEpPAJIbHUX JIOOpUB 13  MOIIAPOBOIO
CTPYKTYpOI0. 3a pe3yibTaTaMU OTJIAY ICHYIOUHUX KOHCTPYKIIM OOIpyHTOBaHO BUOIP
TpaHyJSITOpa JJI IPOCKTYBaHHS.

KJIFOUOBI CJIOBA: TPAHVYJIALIS, OPTTAHO-MIHEPAJIBHI JIOBPUBA,
I'PAHYJISTOP I3 IICEBAO3PIJKEHUM IILIAPOM

The use of fluidization techniques for dehydration and granulation allows to
implement the process of mass crystallization during intensive removal of the
solvent, and in the case of the presence of suspended components in the working
solution [1]. In addition to the one-stage process of obtaining a granular product by
dehydration of liquid systems in the apparatus with a fluidized bed, the heat

utilization rate reaches at least 50%.
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In the existing basic technological schemes of realization of process of
granulation bubbling or gushing hydrodynamic modes [1] which provide work of
granulators at introduction of working solution through nozzles of various type are
usually realized. In this case, this method of realization of the interaction of the gas
coolant doesn’t provide active volumetric mixing and is accompanied by a high risk
of formation of stagnant zones on the surfaces of the gas distributing device (GDD).

A similar technical solution is used in the devices of Glatt, GEA, NIRO,
Vector, OKAWARA and others [1], Figure 1 a, as well as rectangular [1], Figure 1 b,
housings with an extension at the top for drying, granulating and encapsulating.

The stability of the process is ensured by the intensive movement of solid
particles in the vertical direction with speeds close to the mode of pneumatic
transport. Due to this, there is a partial dehydration of the drops before contact with
the granules. This method of implementation is most clearly shown in the apparatus
shown on Figure 1 c¢ [1], which implements a gushing mode with a large opening
angle of the granulator. To ensure directional circulation in the layer, it is proposed to
use Wurster technology [1], Figure 1 d.

To prevent local excessive moisturing of the layer in some cases, Figure 1 b
and 1 c, it is proposed to increase the number of nozzles across the width of the
apparatus. In this case, the supply of coolant-liquefying agent occurs separately in
each section to ensure a stable gushing mode. Over each section countercurrently
sprayed working solution [1], which contributes to the implementation of the
agglomeration mechanism of granulation.

ProCell technology [1], Figure 1 c, provides for the targeted introduction of a
liquefying agent through the fracturing slot type with a high gas velocity in the slits.
The main difference of Wurster technology [1], Figure 1 d, is the introduction of
most of the liquefying agent in vertically located in the chamber pipes that provide
directional circulation of granules, and less — in the downward zone, where drying
takes place in the filtration mode. In this case, in both cases, the stability of the

process is ensured even when working with highly adhesive substances.
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c¢) ProCell rectangular granulator [1]  d) Wurster technology cylindrical granulator
[1]
Figure 1 — Main types of granulators with bubbling or fountaining hydrodynamic

modes

The main disadvantages of the above granulators are the small contact surface
of the solid particles with the solution in the irrigation zone, which reduces the
specific load of the layer on moisture. Local supply of the liquid phase through the
nozzles are suitable only for homogeneous systems and make it impossible to use
heterogeneous suspensions, and their use limits the maximum specific load of the
surface of the layer on moisture (increases the zone of waterlogging of the layer).

A significant disadvantage of the hydrodynamic regimes in the above designs
of granulators is the lack of pulsating fluidization mode, in which the greater the
relative velocity and, accordingly, the smaller the thickness of the diffusion layer,

which increases the efficiency of mass transfer.
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Therefore, to obtain organo-mineral fertilizers with specified properties in

dehydration of liquid heterogeneous systems, which include thermolabile substances,
it IS necessary to apply the developed new method of interaction of gas coolant with

granular material by using the described model of fluidization in works [1-5], Figure
2.
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Figure 2 — Model of non-uniform jet-pulsating mode of fluidization
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The use of this hydrodynamic model in process of granulation organic mineral
fertilizers in addition to known advantages of fluidization provides intensive renewal
of the contact surface of the phases. Therefore, for the design of an industrial
granulator, a granulator with non-uniform jet-pulsating fluidization in an auto-
oscillating mode, considered in detail in [1-6], was chosen.
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AHoTaunis. B xon1 npoBeneHHs JOCTIKEHHSI YCTaHOBIIEHO, 1110 HA CY4aCHOMY
eTami pO3BUTKY CYCHUICTBA CKJAJINUCh OO'€KTHBHI (akTopH, sKI HNOTPEOYIOTh
YAOCKOHAJIEHHA SIKOCTI Mamepy AJig APYKY, a TaKoK MPOLECiB HOro BUPOOHUIITBA
[1,2]. Amnaniz HasBHOi iH(popMariil mokasye [3], 110 cydyacHe BUPOOHHUIITBO IMarepy
IUIsL APYKY OpPIEHTOBAHE HA BUIYCK PI3HOMAaHITHOI'O ACOPTUMEHTY HOro BHIIB 1
MapoK, 10 BHPI3HSIOTHCS KOMITO3MIIE0, MACO miomi 1 M° i TOBIIMHO, IHIIMMHE
BJIACTUBOCTSIMU B 3QJICKHOCTI BiJ NMPHU3HAYEHHS, a TaKOX OCHOBHHMX BUJIB JIPYKY
(rmuOoKOro, BHCOKOro, O(CETHOro) 1 YCTAaTKyBaHHS, IO 3aCTOCOBYETBhCS JIs
BUTOTOBJICHHS monirpadiunoi npoaykiii. Came  TakuM Moke OyTH mamip AJis
0(CETHOrO APYKY 3HIDKEHOI Mach mmiomi IM° 3 BHCOKHM DIiBHEM CTPYKTYPHO-
MEXaHIYHUX 1 JPYKAPCHKUX BJIACTUBOCTEN. 3aCTOCYBAHHS TAKOTO IMAarepy /a€ 3MOry
3HU3UTH NMUTOMI BUTPATH MOr0 HAa OJUHUIO IPYKOBAHOI MPOIYKIT 3 OJHOYACHUM
3HIDKEHHSIM  1i  Macu (Hampukial, MiJIPYyYHUKIB) 1 BHUTpaAT, IMOB'A3aHUX 13
TPAHCTIOPTYBAaHHAM 1 30epiraHHsM, a 1i BUPOOHUIITBO Mae€ OyTH EKOHOMIYHO
JOLIIBHUM B YMOBAaX ManepoBoi raixy3i KpaiHu.

KuarouoBi caoBa: nanip st Apyky, (i3uKo-MeXaHIYHI TMOKA3HUKH, BUIU
JIPYKy, TATIp 3HIKEHOT MacH o 1m°,

Summary. In the course of the research it was found that at the present stage
of society development there are objective factors that need to improve the quality of
printing paper and its production processes [1,2]. Analysis of the available

information shows [3] that modern production of printing paper is focused on the
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production of a wide range of its types and brands, differing in composition,
weighing 1 m? and thickness, other properties depending on the purpose, as well as
the main types of printing (gravure, high, offset) and equipment used for the
manufacture of printing products. Such can be the paper for offset printing of reduced
mass of area 1m2 with high level of structural-mechanical and printing properties.
The use of such paper makes it possible to reduce the specific cost of it per unit of
printed matter while reducing its weight (such as textbooks) and the costs associated
with transportation and storage, and its production should be economically feasible in
the country's paper industry.

Key words: printing paper, physico-mechanical parameters, types of printing,

paper of reduced mass area 1m-.

At the present stage, there are objective factors that need to improve the
quality of printing paper, as well as its production processes [1,2].

Analysis of the available information shows [3] that modern production of
printing paper is focused on the production of a wide range of its types and brands,
differing in composition, weighing 1 m? and thickness, other properties depending
on the purpose, as well as the main types of printing (gravure, high, offset) and
equipment used for the manufacture of printing products.

Offset printing paper, which is one of the most widely used for multi-
circulation printing of magazines, children's books, school books, literatures, art
reproductions, posters, other products, must have the necessary mechanical strength
of the surface, structural, optical, printing properties, be characterized by uniformity
of these along and across the paper web, with stable linear dimensions during
wetting and subsequent drying.

At the same time, the development of electronic media and the fierce
competition with them, new ways of printing make the necessary requirements for
paper for printing. Among the main requirements are the following: new approaches
to print paper as a modern medium; strict environmental control, which is a factor in

creating new technologies and expanding its range; providing the necessary complex
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of consumer, printing and sanitary-hygienic properties; increasing competitiveness
by reducing the payback period of investments and the size of operating costs.

Requirements for the consumer and performance properties of printing paper
are constantly increasing. They relate to the quality of the paper and its assortment,
and are dictated by the intensive development of printing techniques, reproduction
equipment and office equipment. Increasing the speed of printing, reproduction of
documentation in combination with the perfect quality of print and color rendering,
the development of artistic printing requires the provision of a whole set of
indicators that determine the suitability of paper for printing in new operating
conditions.

This set of indicators, first of all, is related to the structural and physical
properties of printing paper - porosity, smoothness, surface roughness and strength,
the ability to absorb water and oil, the stability of the linear size of the sheet. The
paper must also have an adequate level of whiteness, flakiness, opacity, linear
deformation, absorbency, uniformity of microstructure and stability of these
properties in the longitudinal and transverse directions of the paper web, their
invariability over time.

Meeting these requirements requires new solutions in the technology of
production and selection of appropriate fibrous raw materials, fillers, chemical sizing
and binders, paper and process equipment, degree of automation, process control and
quality of finished products.

These trends of rapid development of printing technology indicate the need for
a comprehensive approach to solving cross-industry problems and to consider
printing technique as a single system "paper-ink-machine", starting with the
development and production of paper bases and ending with the problems of training
and skills development.

More than 85% of Ukraine's need for printing paper is covered by imports.
The main reasons limiting the growth of its production are:

- lack of proper fiber semi-finished products of the required quality in the

country;
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- investment deficit in the development of the industry;

- lack of modern paper and technological equipment for production and
processing of paper, which should withstand competition with similar products of
countries with highly developed pulp and paper industry.

Therefore, in our opinion, one of the strategic and priority directions of
development of the paper industry of the country should be the production of special
small-tonnage and high-quality types of paper for the production of printing
products.

Such can be the paper for offset printing of reduced mass of area 1m? with
high level of structural-mechanical and printing properties.

The use of such paper makes it possible to reduce the specific cost of it per
unit of printed matter while reducing its weight (such as textbooks) and the costs
associated with transportation and storage, and its production should be
economically feasible in the country's paper industry.

Thus, the study generalized the requirements for the manufacture of paper for
printing a reduced mass of 1 m? closed structure with uniform and stable quality
indicators that meet the requirements of manufacturing various printing products:
encyclopedic, bibliographical publications, dictionaries, books and magazines,

textbooks.
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Anomauia. B Xoni BUKOHAHHA pOOOTH MPOBEAECHO AOCHIIKEHHS 3 METOIO
JOCTIIKEHHSI Ta BU3HAYCHHsSI ONTHUMAJIBHOTO Ipajyca MJMBAa MaKyJaTypHOi MacH B
YMOBaX BUKOPHUCTaHHS KpPOXMAaJbHOTO KJICH 13 MOAU(DIKOBAHOTO KYKYPY/I3STHOTO
KpoxMajto pizHoro crymneHs 3amimenss: 0,035, 0,042, 0,053. Ogni€ero 3 TOJOBHHUX
npoOsieM pO3MIMPEHOTO0 BUKOPUCTAHHS MAaKyJlaTypd B SKOCTI CHPOBUHHU IS
BUPOOHMIITBA PI3HMX BHUIIB Marepy Ta KApTOHY € BIJHOBIECHHS MNanepOTBOPHUX
BJIACTUBOCTEH BTOPMHHUX BOJIOKOH [1,2]. AHami3 HasgBHOI iH(poOpMaIii mokasye, 1o
(13UKO-MEeXaHI4YHI TOKA3HUKH TarepoOBOT0 MOJIOTHA, BUTOTOBJICHOTO 3 MAKYJIATypHOI
MacH, 3Ha4HO MOCTYNAIOTHCS aHAJIOTTYHUM MMOKa3HUKaM B Pe3yJbTaTi BUKOPHCTAHHS
MEPBUHHOTO BOJIOKHA. (OCHOBHMMHM TpPUYMHAMM, SIKI 3HUXKYIOTh BIAMNOBIIHI
MOKa3HUKHA BTOPUHHUX BOJIOKOH, €: 3pOTOBIHHS BOJIOKOH 1 PYWHYBaHHsSI KamlljasipiB B
Mpolleci CyNIHHS, TMPUPOJHE CTAPIHHS IETIOJO3HUX BOJIOKOH, a TaKOX
HECTIPUSTINBUN (PpakUIMHUNA CKJIaJ MaKyJaTypHOiI MacHu, SKUW 3aJIeXUTh BIJ
TEXHOJIOT1l BUTOTOBJICHHS BHJIB Mamepy, Kl BXOIATh JO CKIAAy MakKyJaTypH.
IcHyrOTh pi3HI cOCOOM MIABUINEHHS MIIHUX MOKA3HUKIB SKOCTI mamnepy. OmHum 3
TaKUX CIOCOOIB - II¢ MPOKJICHKA, KOJM B Macy a00 Ha MOBEPXHIO JOJAI0Th Pi3HI
noroMikHi xiMiuai pewoBunu ([IXB) [3].

Knrwuoei cnosa: cpadyc mausa macu, KpoxmanvHi Kiei, nanepoge noiomHo,

Qi3uKo-mexaniyHi NOKA3HUKU.
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Summary. In the course of the work, a study was conducted to investigate and
determine the optimum degree of grinding mill waste in the conditions of use of
starch glue of modified corn starch of different degrees of substitution: 0,035, 0,042,
0,053. One of the major problems with the expanded use of waste paper as raw
material for the production of various types of paper and cardboard is the restoration
of the paper-forming properties of secondary fibers [1,2]. Analysis of the available
information shows that the physico-mechanical indices of the paper web made from
waste paper are significantly inferior to the analogous indicators resulting from the
use of primary fiber. The main causes that reduce the corresponding performance of
the secondary fibers are: bending of the fibers and destruction of the capillaries in the
drying process, the natural aging of the pulp fibers, as well as the unfavorable
fractional composition of waste paper, which depends on the technology of
production of types of paper in the composition. There are various ways to improve
strong paper quality. One of these is sizing when various auxiliary chemicals (DHA)
are added to the mass or to the surface [3].

Key words: degree grinding mass, starch adhesives, paper cloth, physical and

mechanical parameters.

One of the major problems with the expanded use of waste paper as raw
material for the production of various types of paper and cardboard is the restoration
of the paper-forming properties of secondary fibers [1,2].

Analysis of the available information shows that the physico-mechanical
indices of the paper web made from waste paper are significantly inferior to the
analogous indicators resulting from the use of primary fiber.

The main causes that reduce the corresponding performance of the secondary
fibers are: bending of the fibers and destruction of the capillaries in the drying
process, the natural aging of the pulp fibers, as well as the unfavorable fractional
composition of waste paper, which depends on the technology of production of types

of paper in the comp There are various ways to improve strong paper quality. One of
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these is sizing when various auxiliary chemicals (DHA) are added to the mass or to
the surface [3].

The purpose of this work is to investigate and determine the optimum degree
of grinding mill waste in the conditions of use of starch glue of modified corn starch
of different degrees of substitution: 0,035, 0,042, 0,053. Starch adhesive should
increase the physical and mechanical performance of corrugated paper.

The studies were carried out under laboratory conditions and using
mathematical models [3] in the range of varying the degree of grinding from 40 to
70 OWR. The weight of 1m2 of samples was tried to withstand at 125 g.

Conducted 4 series of experiments, namely: waste paper without sizing; waste
paper with sizing of unmodified corn glue (consumption 13,5 kg / t); waste paper
with sizing modified corn glue (replacement degree 0,035; consumption 16 kg \ t);
waste paper with sizing with modified corn glue (replacement degree 0,053;
consumption 18 kg \ t).

In Fig. 1 shows the graphs of the dependence of the indices of resistance to
planar compression, the absolute resistance to punching, the specific tear resistance
and surface water absorption of paper samples from the degree of grinding mass.

Thus, in the course of the experimental studies, it was found that the optimal
degree of grinding for waste paper brand MC-5B in terms of resistance to planar
compression and absolute resistance to extrusion is within 55 © W. In terms of the
specific tear resistance in the case of using unmodified adhesive, the optimum value
of the degree of grinding can be considered as 70 °© SHR, at which the maximum
value of the specific tear resistance approaching 8.0 is reached. However, if a
modified adhesive is used (with a degree of substitution of 0.035 to 0.053), then two
optima can be observed: 50 © ShR at which the value of the specific tear resistance of
5.8-6.0 is reached, and 70 ° ShR at which the maximum value is reached specific tear

resistance approaching 8.0.
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Figure 1 Graphs of dependence of physico-mechanical characteristics of castings
on the degree of grinding mass: a) resistance to plane compression; b) the absolute
resistance to pushing; c) specific tear resistance; d) surface water absorption of paper
samples.

According to the indicator of surface water absorption, the expedient limit at
which the indicator reaches the minimum value is 65 © SH.
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MIIBUIIEHHSI EOEKTUBHOCTI HIPOLIECY ®JIOTAILII
MAKYJATYPHOI MACU

ctyaeHTka Auapissens P.M, k.1.1H., 1ou. MoBuaniok O.M.
HanionanbHui TexHiYHMil yHIBepcuTeT YKpaiHu

“KuiBcbKkuil noJiitexHiyHuii iHcTutyT iMeHi Iropsa Cikopebkoro”

BaxxnuBum acnekToMm nepepoOKH KHUKKOBO-KYpPHAIbHOI, Fa3€THOI Ta 1HLIMX
BUJIIB 33/IpYKOBAaHOI MAaKyJaTypu € BHJAJEHHS JApPyKapchbkoi (apOu Ta 301bHUX
eneMeHTiB. OgHUM 13 crocoOIB BUJANECHHS APYKApChbKoi (apOu 3 MakyJlaTypHOi
MacH, [0 He BUJASIETHCS 3 HET IPU OYHUIICHHI Ta COpTyBaHHI, € (uoTaris. Choroani
(droTawiiiHl amapaT¥ YCHIIIHO BHUKOPUCTOBYIOTHCS Ha MANEpPOBUX MIANPUEMCTBAX
cBiTy. BxitoueHHst (uoTarii B TEXHOJIOTIUHY CXEMy TMEpEepoOKH MaKylIaTypu €
0CO0JIMBO HEOOX1THUM Y BUTIAJKY BUPOOHHUIITBA THX BHUJIIB MANepy, 0 YUCTOTH SIKUX
MIpe ABJISIIOTHCST 0cO0IMB1 BUMOTH [ 1, 2].

OCHOBHMM TpPUHLMIOM Tmpouecy ¢ioTanii € BBEICHHS Yy BOJOKHHUCTY
CycIeH3110 Oynb0alIoK MoBITPs, A0 AKUX NPUETHYIOTHCS YACTKU JpYyKapchKoi (hapOou.
ITina, 110 yTBOPIOETHCS B PE3yibTaTl aepallli BOJOKHUCTOI CyCHEeH3li, MiAHIMAEThCsS
70 ii TOBEpXHI ¥ BIIAAISETHCS CIENIAIbHUMH MTPUCTOCYBAHHIMH Y BEpXHIN 4acTHUHI
duoTamiiinoi kamepu [2].

[Tpouec  Quotamii  MakyiaaTypHoi Macu 0a3yeTbcsi Ha  BIMIHHOCTI
rigpo@oOHOCTI TOBEPXHI PIZHUX KOMIIOHEHTIB CYCIEH31i, TaKuxX $K YacTKH
Ipykapchkoi ¢apOu, HAaMOBHIOBAY1B, JIMIIKUX 3a0pyAHEHB 1 BOJIOKOH cycneH3ii. Yum
BHUIIIE T1PO(HOOHICTH YACTOK JOMIIIOK, TUM Kparie BiI0OYBA€ThCS iXHE MPUKPITUICHHS
10 OypOaIIoK MOBITPA, 1 TUM CTiMKIimIOW € TiHa. [ migBUIlEHHS CTaO1IBHOCTI
MiHU 3aCTOCOBYIOTHCS  (DJIOTOpEareHTH: eMyJbCli HEIOHOTEHHUX MOBEPXHEBO-
aKTUBHUX PEUOBUH (aKpWJIOBI e(ipd OKCHIY MOJIETUIEHY), MOAU(]IKOBaHI KHUPHI
KUCIOTH, Tomo. I[Ipu 1bOMy BIIOYBa€ThCs arjoMmepallisi HEBEJIMKUX YacCTOK

IpyKapchbkoi ¢apOu i 4aCTKOBO 3MIHIOETHCS TMPHUPOJAa YaCTOK HAMOBHIOBAYIB,
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BHACIIIJIOK YOTO0 BOHHU 3700yBalOTh 3JATHICTh MPUKPIILTIOBATUCS N0 OyJIb0aIiok
noBiTps. Ilim dac dmoTamii edEeKTUBHO BHAAISIOTHCS YacTKu posmipom Bijg 10
10 250 MkMm Tipu 30epekeHHI OOpHBKIB BOJIOKOH 1 9aCTOK HAINIOBHIOBAUIB. Y NESKUX
BUITAJIKaX BIA€THCS 3a0€3MEYUTH BUIAICHHS YaCTOK po3MipoM a0 500 mxwm [1].

YMoBH ekcrutyatarii ¢ioTariiiHoi kamepu: KoHreHTparlis macu — 0,8—1,5%,
temneparypa — 40-70°C, pH— 7-9. BigHomeHHs 00'€eMHOT BHUTpaTH TMOBITPS
710 00'€MHOI BUTPATH BOJIOKHUCTOI cycnieH3ii cranoBuTh 300%, 1Ho1 10 1000%.

OaHUM 3 ICTOTHUX HEJOJIIKIB CYy4YaCHOI TEXHOJIOT1i BHJAJEHHS APYKapChKOi
(dapOu 13 MaKyJIaTypHOi Macu METOJ0M (pyioTallii € HU3bKUN BUXiJ 1 BEJIMKI BTpaTH
BOJIOKHA. BTpaTu apiOHOr0 BOJIOKHA i 30JbHUX €JIEMEHTIB MOXKYTh ocaratu 5—20%.

JIpiOHI BOJIOKHA 3 HEBIJIOKPEMJIEHUMH 4YacTKaMH JApYKapchkoi (apOu mpu
¢droraiii CIIMBaIOTh Ha TOBEPXHIO OUIBII 1HTEHCHUBHO, HIXK BOJIOKHA 0e3 ¢apOu,
TOMY OJHUM 3 INUIAXIB CKOPOYEHHS BOJIOKHHUCTHUX BTpaT MiJ 4Yac uoTarii €
MIJBUILEHHSA €(QEeKTUBHOCTI BIJAUICHHS YacTOK JpyKapcbkoi (apOu ¥ 30JbHUX
€JIEMEHTIB BiJl BOJIOKOH Ha €Tari MiArOTOBKM MaKyJaTypHOI Macu A0 dioTarii (mia
Yyac pO3BOJIOKHEHHS MaKyJaTypy W JUCNEpryBaHHs MaKyJaTypHoi Macu) [1].

[le oqHMM cIOCOOOM 3MEHILEHHS BTPAT BOJIOKHA 1 MIJBUILIEHHS BUXOY MICHs
¢droramii mMoxe OyTH BUKOPUCTaHHS cCTyrneHeBoi (ioTarii. B mpomy Bumaaky
(drorawiitHa niHa, gKa yTBOpHWJIACA BiJ MEPBUHHOI (IIOTAIi, MIIJAETHCA BTOPUHHIN
¢droraiii, 1Mo 3IIACHIOETHCS 3a OUIBII HU3BKOI KOHIIGHTpAIlii Macu, OCKIJIbKU
y GJoTOMIHI MICHS TMEpUIOro CTymneHs ¢ioTalii MICTUThCS HE3HauyHa KiJIbKICTh
BOJIOKOH.

®notauiiina kamepa tumy SelectaFlot'™ ¢ipmu Andritz mae nBa piBHi
B oAHOMY anaparti (puc. 1), 11 3a1iicCHeHHsI IEpBUHHOI 1 BTOpUHHOI QuioTanii [1, 3].
MynpTHiHXEKTOp 3a0e3nedye ONTUMAaJbHUN  po3moAll  OyibOamok MOBITPs
B cycnieH3ii. Bwumanenns dactok gpykapcbkoi (apOu i aHIOHHHUX  JTOMIIIOK
3IMCHIOETHCS 32 MiHIMaabHOI BTpaTu BoJiOKHA. I[[006 3MeHIIMTH BTpaTH BOJIOKHA,
miHa 3 mepuioro crymneHs ¢ioTamii mogaerscs Ha apyruidl. [luroma BuTpara eHeprii

o e ™ . .
¢drnoramiitHoi kamepu Tuny SelectaFlot ™ Ha 20% € HUXY0I0, HIXXK B aHAJOTIYHUX

51



36ipuuk Te3 qonoBineir XXV BceykpaiHChKOI HAYKOBO-NPAKTHYHOI KOH()epeHLii CTy/AeHTiB,
acmipaHTiB i MoJsiogux BueHux “O0J1agHAHHSA XIMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaiBeIbLHUX
MarepianiB”

amaparax, 3a paXyHOK ONTHMAaJbHOI aepalii Mach IO BCbOMY 00’eMy KaMepH.

IIpoaykTuBHICTh Kamepu cTaHOBUTH BiJ 20 1o 1200 1/100y [1, 3].

Puc. 1 — ®notaniitna kamepa iy SelectaFlot™

Kpim Toro, duoramiiina xamepa tumy SelectaFlot'™ ocHaIeHa MPOCTOIO
CUCTEMOIO KEpYBaHHsSI BY3JIOM aepailii, € 3py4HOI s OISy W TeXHIYHOTO
00CIIyrOBYBaHHS, 1110 J03BOJIsIE CKOPOTUTH BUTPATHU HA i1 eKcIutyaTanito [1, 2].

Takum ymHOM, €(EeKTHUBHICTH Ipolecy (uoTauii y TEXHOJOTTYHHMX MOTOKAX
MUCAJIBLHO-IPYKAPCHKUX 1 CAaHITAPHO-TITIEHIYHUX BHJIIB TAlepy MOXHA MiABUIIUTH
HUIIXOM OLIbII TOBHOTO BIAIIJIEHHS YacTOK JApyKapchkoi ¢apOu ¥l 30JbHUX
€JIEMEHTIB BiJl BOJIOKOH Ha €Talll MiJrOTOBKM MaKyJaTypHoi macu o droraiii, a
TAKO)X BHKOPHUCTAHHAM (ioTamiitaux kamep SelectaFlot'™, mo mepen6adaioTh
cTyneHeBy QuoTariro. lle m03BonMMTH HE JNMIlle 3HU3UTH BTPATH BOJIOKHA, ane M
CKOPOTUTH €HEPTreTUYHI Ta €KCIUTyaTalliitHi BUTpaTH Ha (PIIOTAITitO.
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UDC 621
PRODUCTION OF ETHANIC ACID WITH THE APPLICATION OF
THE CAP RECTIFICATION COLUMN
student Polyakova V.1., Ph.D. Sachok R.V.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

AHoTtais: Po3risHyTo MoaepHizaiito peKTU(hIKaIIfHOT KOJIOHH.

Ki1t04oBi cji0Ba: €TaHOBa KUCIOTA, peKTU(]iKalliiiHa KOJIOHA.

Abstract: The modernization of the distillation column is considered.

Key words: ethanoic acid, distillation column.

Ethanoic acid - a weak carboxylic acid. From ancient times it is known to
mankind, who received it through the process of wine fermentation. Nowadays,
vinegar is often used in everyday life, and especially in cooking for sauces, canning
and marinades. This substance is also an excellent disinfectant, it can remove stains
on the fabric, and also softens clothes during washing [1].

Ethanoic acid is widely used in industry: it is used to produce drugs, non-
flammable film, plastics, man-made fiber and many other substances.

The distillation column is an integral part of ethanoic acid production. One of
the ways to obtain it is the oxidation of acetaldehyde, the technological scheme of
which is shown in Figure 1.

Solutions of catalyst and circulating ethanoic acid are fed from mixers 1 and 2
to the lower part of the oxidation column - bubble type reactor 3. The temperature in
the column is maintained by cooling coils placed in it, through which water
circulates. Throughout the height, oxygen is supplied to the column through several
pipes under pressure, which bubbles through the liquid that fills the column. The
vapor-gas mixture containing oxidation products is discharged from the column 3
through the spray catcher 4 and enters the condenser 5, cooled by brine, and from
there to the separator 6. From the separator condensate consisting of ethanoic acid
and acetaldehyde is returned to the oxidizing column, and uncondensed gases are

washed with water. They are released into the atmosphere. To prevent the possibility
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of an explosion, the gas-vapor mixture leaving the column is diluted with nitrogen,
which is fed into the sprinkler 4. Liquid ethanoic acid after leaving the sprinkler
column 3 is divided into two streams. One stream (circulating acid) is sent to mixers
1 and 2 for the manufacture of solutions of catalyst and acetaldehyde. The second
stream enters the distillation column 7 to obtain the marketable product. From the
lower part of the column 7 is removed in the form of a VAT residue of the catalyst
solution entering the regeneration. The resulting product is 97.5 to 98.5% ethanoic

acid.
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Kamaszamag ’ Auermansiezid

PR \... Boda
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1- catalyst solution mixer, 2 - acetaldehyde solution mixer, 3 - oxidation column
(reactor), 4 - spray catcher, 5 - brine condenser, 6 - separator, 7 - distillation column.
Figure 1 - Technological scheme of ethanoic acid production

The proposed utility model is a distillation column (Fig. 2), which contains

mass transfer plates, each of which has a plate with caps installed on it and guide
partitions, drains and receiving devices. The disadvantage of this solution is the
insufficiently effective design solution for the separation of the liquid phase, which
reduces the intensification of the mass transfer process.

The utility model is based on the task of increasing the intensification of the
mass transfer process by installing a grid near the digger of the distillation column,
which increases the contact surface of the phases, ie the efficiency of the plate,
without reducing the productivity of the column [2].

The grille is installed horizontally at the point of attachment of the cap to its
support. The proposed design of the plate consists of a plate body on which are
installed nozzles 2 with caps 3. To the plate caps are attached to the lattice 4

horizontally.
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1 - upper section; 2 - the main section; 3 - 1. Figure 2 - Cap of the distillation

lower section; 4 - support section; 5 -
cover; 6 - fitting of the mixture inlet; 7 -
outlet fitting of the VAT residue; 8 -
vapor output; 9 - steam input; 10 - the
product enters the boiler.
Figure 2 - Distillation column

column

When supplying steam to the column, the steam passes through the nozzle of the
advanced plate 2, enters the cap 3, and passes through the grid 4, increasing the
contact area of the phases.
The proposed model allows to increase the intensity of the mass transfer
process.
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YK 539
BU3HAYEHHSA NAPAMETPIB 1OJISI HECTAIHIOHAPHOI'O
TEIIJIOOBMIHY
ctynentu @ypman A.B, Jlozosenko O.C.
K. ¢p13-Mart. H., gou. Jlucromanosa B. B.
HaunionanbHUi TeXHiYHUI YHiBepCUTET Y KpaiHu
"KuiBcbKui noJritexHiyHui iHcTturyT imeHi Irops Cikopebkoro"

[Iponiecu Tena00OMIHY y TOHKHMX Iapax € OJHUM 3 HaWBaXJIMBIIIMX €TalliB
BUPOOHMIITBA PI3SHOMAHITHUX PEUYOBHUH, HAMPHUKIAA IMPU CYIIIHHI Ta TPaHYJISIII.
ToMy HEOOXITHO BH3HAUUTH MapaMETPU TEMIEPATYPHOTO MOJS y IUNBII IS
BIIPOBAKEHHS BUCOKOE()EKTUBHUX TEXHOJIOTTYHUX MTPOLIECIB.

[Ipouiec TemmooOMiHy y IUTiBII Ha chepuyHii YaCTUHIN 32 yMOBH, kot D >> 6,
TOOTO JlaMeTp 3HAYHO OUIBIIMK TOBLIMHU TIUNIBKA ONMCYETHCA PIBHSHHAM
TETIONPOBITHOCTI, SIKE PO3MITHYTO Y JIEKapTOBI cucteMi koopAauHat [1]. Braxkarouu
napameTpu piAMHHOI (pa3u BCEpelrHI YaCTHMHKU 1 MapaMeTpu CTaHy OTOYYIOUOIo
ra3oBOr0 CEpeOBUINA 3alieKaTh JHUINE BiJl 3HAYCHb MO OCAX X 1 MpPUAMAIOYH
Koe(DilieHT TeMnepaTypOonpoBIAHOCTI CTAIMM, PIBHSHHS TEIUIONMPOBIAHOCTI Halye
BUTIIATY:

oT O°T
oo (1)

P
[ToyaTok KOOpAWHAT ISl 3PYYHOCTI PO3MIIMIEHO B IIEHTP1 TBEPAOi YACTHUHKH,
B1JIOMI MMOYATKOBI Ta TpaHWYHI yMOBHU. Haiinermie BUpINIUTH IO 3a/7a4dy 3aMiHOIO
nudepeHiaiiB KIHIEBO-PISHUYHUMH BUpa3aMy HaNPHUKIIaJ] 3a METOJOM CKIHYEHHUX
pi3HHIL (CITOK), CXe€Ma HEeCTalllOHAPHOTO MPOIECy TEIIO0OMiHy 300pakeHa Ha
pucyHKy 1, [2]:
oD - cDi+1,i _CDHL j

>~
ox At (2)
o’® - cDi—l,j — 2<pj,_;+1 T CD,'+1,_,‘

ox’ Ax* (3)
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3anuiemMo piBHSAHHS AUQPY31IHOTO HECTAIIIOHAPHOTO IEPEHOCY AJIs

TPUBHUMIPHOT 3aJ1aui:

Po3B’spxemo MAaTCMaTU4iIHy MOJCIIb YHUCCIIbHUM MCTOJAOM, 3daCTOCYBABIIN SBHY

KIHIIEBO-PI3HUIIEBY CXEMYy, CXEMaTH4YHE 300paKeHHs SKOi TPEJCTaBICHE Ha

PUCYHKY 2:

=
N

Ty, T, — TemnepaTypu IUTIBKH Ta TA30BOTO CEPENIOBUINA; T — Yac; I >
h

Uy Uy Uy

— panianbHui po3Mip; Ry, R, — paniyc TBepaoi YaCTUHKHU Ta
i=1 j=0 i

wiiBky; h, | — kpok o pagiycy ta yacy

Pucynok 1 — CxeMa HecTalioHapHOTO MPOIIECY TEMI00OMIHY

]-ﬁ*zf )7-/7+,,7/+7
IT/?]. N Tf'iﬁf
Ti1j I

Ti/ ]}'M
Tr1/ 71/
/ AT /

Pucynok 2 — KinneBo-pi3HuIieBa cxema
ne T, T, — Temneparypu IJIiBKU Ta Ta30BOTO CEPEAOBUINA; T — Yac; I — paiaabHUN
po3Mmip.

SIBHE CKIHUEHOPI3HUIIEBE PIBHIHHSI, OTPUMY€EMO Y BUTJISAJIl CUCTEMH PIBHSHb:
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—pCpAX2+Ar —pCpAX2 + AT

@i,jﬂ = 1 (Di+l,j + 1 cDi+1,j (5)

Cucremy piBHAHB (3) MokHa aHanmiTHYHO BupimuTy Ha [1K, BpaxoByroun Bimomi

BEJIMYMHM: KPOKH 110 paniycy — h, Ta gacy — I:
x=i-h; y=j-1, ne i=12,...n; j=01,....

Jlana cucteMa piBHSHB CKIIaJieHa 3a SBHOIO CXEMOIO, MOXHOKa pe3ysbTaTiB
3aminu nudepenmniansHoro piBHAHHSA (1) piBHsSHHAM (5), Oyae JOCTaTHBOK IS
CTIHKOCTI po3paxyHkiB npu 0 < s<0,5.

BucHoBok. 3acTocyBaHHS SIBHOI CXEMH METONY CITOK JO3BOJISIE BU3HAYUTH
PO3MOJILT TEMIIEpATyp B IUTIBIl PO3UYHHY.
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VK 539
PO3PAXYHOK HECTAIHIOHAPHOI'O TEIINIOOBMIHY METOJ10OM
CKIHYEHHUMX PI3BHHUIIb

crtynenTka Bakynina A. /1., actiipant [Nombkwit 5. T,
K. (¢pi3-mar. H. go11. Jlucronanosa B. B.
HanionanbHuUii TeXHiYHUA YHIBEpCUTET Y KpaiHu
"KuiBcbKkuil noJiitexHiyuui iHcruryT iMeHi Irops Cikopebkoro'

TernooOMiH B TOHKHX IUTIBKaX Y KpaIlUIMHAX € OJHUM 3 HAaBaXJIUBILIIUX €TarliB
BUPOOHMIITBA PI3HOMAHITHUX MPOJYKTIB B XapyoBiH, XIMIUHIA Ta (papManieBTUUHIMI
poMHCIIOBOCTI. [Ipu 1bOMy mocTae HEOOXIHICTh y BHU3HAYEHHI TEMIEPATYPHUX
MOJIB y TOHKIA TUTIBLI PO3YMHY MJIsi BIPOBA/DKEHHS BHUCOKOE(PEKTUBHOTO
TEXHOJIOTIYHOTO MPOIIECY.

[Ipouec TemnooOMiHY Yy IUTIBLI PO3YMHY Ha TBepAld chepuyHid 4YacTHUHII
OMHCYETHCS PIBHSHHSAM TEIUIONPOBITHOCTI, SIKE PO3TISHYTO B CHEpPUUHIN cHUCTEMI
koopauHar (I, 0, @) [1]. BBaxkaroun mapamerpu piauHHOL (a3u BCepeArHI Kparuii 1
napaMeTpu CTaHy OTOYYIOYOTO Ta30BOTO CEpEe[OBHINA HE 3aJekaTh BiJl KyTOBHX
KOOPJIMHAT Ta MPUHUMAIO4M KOEQIIIEHT TEMIIEPaTypONPOBIIHOCTI CTATUM, PIBHSIHHS

TETUIONPOBITHOCTI HAOy/1€ BUTIISIAY:

2
qa_foT 2 0
ot o r or
ne T — temmeparypa cepemoBumia, °C; T — dac, ¢; a — KoeQiieHt

TEMITepaTypOIPOBIIHOCTI, M7/C; I — paiaibHHiT pO3MIp, M.

[Toyatok KOOpAMHAT AJiA 3PYYHOCTI PO3MIIIEHO B LEHTPl TBEPAOi YACTUHKH,
BIJIOMI TOYAaTKOBI Ta TpaHWYHI yMOBU. HaWOIIBII NOMMPEHUMH METONAMHU
pPO3paxyHKy TOMIOHMX 3a7ad € METOJl CKIHYEHHUX PI3HMIL (CITOK), cXema
HECTaI[IOHAPHOTO MPOIIECY TEII000MIHY 300paxeHa Ha PUCYHKY 1, [2].

[IpoBoauMO 3aMiHy YacTHHHHMX MOXIAHMX TMEpPUIOr0 Ta JPYroro MOPSIKY

PI3HUIIEBUMHU CITIBBIIHOIIEHHSIMHU:

or? h? " ror

(2)

g_ Ti,j+l _Ti,j . azT _ Ti+1,j _2Ti,j +Ti—1,j . 20T _iTiﬂ,j _Ti,j
or | (A h
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i — i=1,2,...,n
=0 ,>T, [ R 2
_ R?
/ T T, SN Hijrr
//// ) . B
=R . , :
LR ' -
u. u.

.

i=1 j=0

T,, T, — TemmepaTypu TUTIBKH Ta TA30BOTO CEPEIOBUINA; T — Yac; I' — paaiaibHHM

po3mip; Ry, R, — pamiyc TBepoi yacTuHKH Ta 1iiBky; h, | — Kpok o panaiycy Ta yacy
Pucynoxk 1 — CxeMa HecTallloHapHOTO MPOIIECY TEII00OMIHY

[lonepenHb0 HaBeAEHE SIBHE CKIHYECHOPI3HULEBE PIBHSAHHA, MICIS 3aMiHU

I 2 )
mapamMeTpoM: S = ah—2 , Zj=—Ta CKOPOYEHb, OTPUMYEMO Yy BHUIIAAl CHUCTEMU
i+1

PIBHSIHB:

T =@0—-2s—sh)- T, +(s+zsh)T,,, +sT,,

L = y 3)

Cucremy piBHSHB (3) MOxkHa aHamiTUYHO BUpiMTU Ha [1K, BpaxoByrouu Bigomi
BEJIMYUHHM: KPOKH 10 panxiycy — h, Ta gacy — I:

x=i-h; y=j-1, ne i=12,...n; j=041,.... 4)

Jlana cuctema pIiBHSHb CKJaJieHa 3a SIBHOIO CXEMOIO, MOXHOKa pe3yJbTaTiB
3aminu nudepenuiansHoro piBHsHHSA (1) piBHsSHHSM (3), Oylne JOCTAaTHBOIO IS
CTIKOCTI po3paxyHKiB npu 0 < s<0,5.

BucHoBOK. 3acTocyBaHHS SIBHOI CXEMHM METOJy CITOK J03BOJISIE BHU3HAYUTH
PO3MOALT TEMIIEPATYpP B IUTIBLI PO3UHHY.

Ilepesik nocujianb:

1. Jaxuenko A.B. MogentoBaHHsI MpoOIeCy CYIIKH 3€PHUCTHX KOMIIOHEHTIB B
niceBao3pimkenomy mapi // laxaenko A.B., Boponin JL.I'., T'eBniu K.O., Crenantok
A.P. XI MixHapo/iHa HAayKOBO-IIpaKTUYHA KOH(MEpEeHIis] CTYJEHTIB, aCMipaHTIB Ta
Mostiogux BueHnX «Exosnoris. Jlrogunaa. CycminberBo.» 13-18 tpaBusa 2008 p. M. Kuis,
Vkpaina  c. 139.

2. BeluncnuTenpbHas MaTteMaThka B mpuMmepax u 3aaadax. H. B. Komuenona, 1. A.
Mapon. I'maBHas pemakiusi (U3MKO-MaTeMaTHUYECKOW JHMTEpaTypbl H3/ATENbCTBA

«Hayxa», M., 1972.
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3ACTOCYBAHHS NOJIBIMHUX I IOBEPXHEBUX IHTEI'PAJIIB 10
3AJAY I'TIPOMEXAHIKMN.
crynentu S.P. Ilyraug, k. ¢iz-mar. H., mot. JIlucronamgosa B. B.
HaunionanbHUil TeXHiYHUI YHiBepCUTET Y KpaiHu
"KuiBcbkuii nojirtexuiyauii incturyT iMeni Irops Cikopcbkoro
3acTocyBaHHs IHTErpaia 0 BUPILIEHHS 3a/1a4 IpOMEXaHIKH, Ta BUBEICHHS
(bopMyIu HEPO3PUBHOCTI PLAVHH.

KurouoBi cjioBa: iHTerpas, rigpoMexaHika.

Mu yci 3HaeM 110 MaTeMaTUKa — Hapullsd HayK. be3 BUKOpUCTaHHS MaTeMaTUKU
HEMO>KJIMBE BUPIIICHHS KOAHOI 3a/1a4l y BCIX BIJOMHX HayKax.

S 3k B CBOWO uepry po3riisiHy 3acTOCyBaHHS IHTerpaja Jo0 3ajad
ripOMEXaHiku Ta OCHOBHI pIBHSHHA rigpoMexaHiku. Opnpaszy mnepeinemo 10
O3Sy KOHKPETHOI 3a/a4i, a came:

PinuHa, mo pyxaerbes, 3aMoBHIOE TIeBHUN 00’ eM. [Ipuryckaroun BiJICYTHICTh
JDKEpesl Ta CTOKIB Yy IbOMY 00’ €Mi , BABECTH PIBHSHHSI HEPO3PUBHOCTI.

PosrisitHemMo  HecTallioOHapHy Tedilo piAMHU. BuaimmmMo B pyxoMomy

cepenoBuilii 00’em V. Hexaill rycTuHa piauHU o 3aJ€KUATH BiJ] KOOPAMHAT TOYKH

(X;y;z;t). BusHaunmo mMacy M piauHHu, 0 3aroBHIOE 00°eéM V' B MOMEHT 4acy t.

M= fﬂ p(x;y; z; £)dV

OdeBuaHO, MO 3a MPOMIXKOK 4acy At maca 3MiHUTBCA Ha AM. BuBomsum
YaCTUHHUUN npupicT Ay QyHKUIT p 32 3MIHHOIO t, 3MIHY Macu B 00°eMi V 3anuiiemMo y

BUTJISI

AM = ﬂ [o(gy;z; ) —p(g y; z; 1)]dV = — fﬂ AgpdV

v
VY mpunyiieHH1 HenmepepBHOCTI (PYHKIIT p BiJ t 3 TOYHICTIO O HECKIHYCHHO

MaJIAX BHILIOTO HOPSIAKY MaJoCTi Ma€eMO

8 - :
A= i dV. Tomy nepexosauu BiJ NpUpoCTy a0 audepeHiiiaia, OTpUMaeEMO BUpa3
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dM = —dt [[f, %av (1)

Hexaif y MOMeHT 4acy t BuAUIeHUNH 00’eM piquHU V OOMEXEHUN 3aMKHYTOIO
MOBEPXHEI0 G , a IMBHUJKICTh YAaCTHMHOK piluHU V=V(z;y;z;t). Toal MOTIK TOPHOTO

noas V 4cpe3 MMOBCPXHIO G B OJMHHUIIO 9aCy MOKHA BUPA3UTHU iHTGFpaJIOM

#V-nda

)

Bekrop nde 3a cBO€r0 aOCONIOTHOIO BEJIIMYMHOK JOPIBHIOE ILIOINI €JIeMEHTa
MOBEPXHI ¥ HANpsIMIICHUM TI0 HOpMaJi 10 Hei. Mu OyznemMo opieHTyBaTH ndd y370BXK
30BHIIIHBOI HOpMami. Toal ckalsipHU 100yTOK pVX ndg moaTHIN , KO piAUHA
BUTIKa€ 3 00’ €My , Ta BiJl'EMHUH , SIKIIIO BTIKAE.

BekTop j=pV- rycTuHa noTOKy pIIMHU , HAIPSIMOK LIbOTO BEKTOpA CIIBIIAJIAE 3
HalpsiIMOM pyXy pIIMHH , B TOW 4Yac sSIK Horo aOCONIOTHA BEJIMYMHA BH3HAYAE
KUTBKICTh PIAMHA , IO TIPOTIKAE B OJWHUINO Yacy Yepe3 OIWHHUIIO ILIOII,
OpIEHTOBHOT NEPIEHIUKYJIISPHO JI0 MIBUAKOCTI V.

OTxe ,3MIHa MacH PiIMHHU , 110 BUTIKAE 3 BUILUIEHOTO 00’ €My 4epe3 TOBEPXHIO

o 3a yac dt , mopiBHIOE

szdtﬁpV-nda

@
Kopucryrouncs dhopmynoro Octporpancbkoro-I'aycca , mepeTBoOpuMo iHTErpa

10 TOBEPXH1 Ha 1HTErpas 1Mo MOMIIIEHOMY BCEpeInHI Hel 00'emy:
dM = dt fffv div(pV)dV (2)

[Mpupisasiemo Bupasu (1) ta (2):

—dt ﬂ] %dlf =dt J‘J‘J div(pV)dV — J‘ﬂ % + div(pV)dV =0

B Hacnifgok goBUIBHOCTI BUOOPY 00'eMy V BUILIHUBAE:

Z—*: +div(pV) =0 (3)
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Ile piBHAHHS HA3MBAETHCS PIBHAHHAM HEPO3PHBHOCTI. Moro 3mict momsrae B
TOMY , IIO B IPOIIECi pyXy PiAMHHU BOHA HE MOPOIKYETHCS 1 HE 3HHKA€. PiBHSHHS
HEPO3PUBHOCTI BUPAKAE 3aKOH 30epeXeHHs Mac.
Po3rnsgatoun meBHY YacTMHKY PIOUHU , CIiJ BpaxOBYBaTH 3aleXHICTH i
KOOpAMHAT B1J yacy. L{ro 3aj1exHICTh XapakTepu3ye MBUIKICTD V:
dr dy dz

2oy, ==V

de X g dt z

O6uncmmMo oBHY NoXiaHY GyHKIIT p=p[t;x(t); y(t); z(t)]

dp _ 30  2p3x  dpdy  dp2z

8
=2 4+V.gradp
gt 8t Adxat Adyadt Bdzar Bt

Bupax div(pV') MoxHa po3nucaTH SIK :

v , 9y %) o o % _ ,di :
p(ax+ay+az +H‘f’ax+l{“ay L;az—pdwlf—i—v grad p

3 ypaxyBaHHSIM JIBOX OCTAaHHIX HEpIBHOCTEW, PIBHSAHHS HEpO3pHUBHOCTI (3)

Ha6YBa€ BUITLAAY:

divV = ———
v pyT,

OTpriMaHa yMOBa Ma€ MPOCTE MOSCHEHHS: 00'€M PiIMHM IO BTIKAE , JOPIBHIOE

o0'eMy ,II0 BUTIKa€. 3 IbOTO BUIUIMBAE IO CYMapHUW TOTIK Yepe3 3aMKHYTY

MOBEPXHIO Oyjie piBHUI HYJIIO.
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3ACTOCYBAHHS PAAIB ®@YP€E JJ151 3BHAXOKEHHSA
HECHUHYCOIJAJIBHOI'O CTPYMY B KOHTYPI
ctynedt ['ypun €.C.,
K. (¢pi3-mar. H. go11. Jlucronanosa B. B.
HanionanbHuUii TeXHIiYHUA YHIBEepCUTET Y KpaiHu

"KuiBcbkuii nosirtexdiyauii incruryt iMeni Irops Cikopcbkoro'

Y  panHiii poOOTI pO3MNIsIHYTa METOAMKAa PO3PAXYHKY EJNEKTPUYHHUX KUI
HECUHYCOIaIbHOrO CTpyMy. BoHa mossrae B ToMy, IO 3a/aHa HECHHYCOiJajlbHE
eJeKTpUYHA Hampyra abo CcTpyM JDKepelia aHalITUYHO TOJAl0Th y BUIJISI
rapMoOHIUYHOTO psay Pyp’e, micis 4YOro BUKOHYIOTh PO3PAaxXyHOK Kojia MO KOXKHIN
rapMoOHilll a00 JIIF0YMX 3HAUYEHHAX CTpyMiB( @00 HAMpPYT ) HA OKPEMHUX JUISTHKAX.

BinoMo, 0 B KOHTYp1 SIKHWA CKJIaJAa€ThCAd 3 €EMHOCTI U 1HIYKTUBHOCTI, €EMHICTb
crpusie 30UIBIIEHHIO BUIIUX TAPMOHIK Yy KPUBIM CTpyMy, ICTOTHO CIOTBOPIOIOYH B
MOPIBHSIHHI 13 KPUBOIO HAINIPYTH KUBJICHHS.

[HAyKTUBHICTh, HaBMNAKW, MPUAYIIye OUIbLIII TApPMOHIKM B CKJIaAl CTPyMy,
3rJ1a/KYIOUU KPUBY CTPpyMY 1 HAOIMXarouH ii (opMy 10 BUTIISITY TIEPIIOi TapMOHIKA
MOJIABAHO1 HATIPYTH JDKEPEa.

dakTHyHa TOCTAaHOBKA 3a7ayi MPHU3BOIUTH A0 pO3KIanaHHI B psang Dyp’e
o t, . _ . .
GyHKIT: l(t)=|0(1—?)13 inrepBasti [0;T], me i(t) 3amomombHsie ymoBu Jlpixiie.

Ockulbku (QyHKIIA 3ajJaHa B I1HTEpBaJll, HE CHUMETPUYHOMY BIJHOCHO IIOYATKY

KOOpJIMHAT, TO TOBOPUTH MPO il MapHICTh ab0 HemapHICTh HeMae ceHcy. I 'padik

300paKeHHUI Ha PUCYHKY.
1(t)A
l{: \\\
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O6uucanmo koedimientu Dyp’e:
2 T
i
ol
. 0]
[HTerpyroun yacTuHaMu 1 BBOISIYHU T , 3HAaXOJUMO:

T

T T
akzgjlo[l—ljcoskwt-dt_ < J'[l——j sin kcot):l—0 (1—£jsin-ka)t o +1.|'sin-ka)t-dt =0
T T o3 kz T Ts

0

27 27 t b
b =—ji(t)sink-wt-dt:—jlo(l——jsink-a)tdt:— 0 j( ——jd (cosk - at) =
T T T w1

l {(1——]coska)t | += jcosk ot - dt}
kr T

Psn @yp’e nis dpynkmii 1(t) Mmae BUrIISL
. t [, 1, &sink- ot
H=1|1-—1|=2% _02 - ) *
I() O( Tj 2+7Z' - (Olt’T) ()

B inTepBam [0;T] dynkmis i(t) HemepepBHa, Ha MiACTaBi YOTr0 y BCIX BHYTPILIHIX

TOYKax cyma 1poro inteppany (*) mopishioe i(t). ¥ mexxoBux toukax t=01t=T cyma

psny JTOpIBHIOE Y2 {1(0)+1(T)}= , mo #u wmae wicie ( ockimpku sin0=0 1

l'\)lo

sinkat =sin27k =0)
[To3a iatepBaniom [0;T] psax (*) nepioguune npoaosxkeHHs GyHkiii i(t) Ha BCro Bick t.
VY Bcix

toukax ¢t #mT (m=0,£1, *£2...) meploguyHe MPOJOBKCHHS HEMepepBHE. Y

toukax t =mT ( Touku po3puBy 1-TO poay cyma psiiy JOPIBHIOE HAIIBCYMI JIIBOi i
. : I
MPaBOi IPaHUIb NEPIOAUYHOTO MPOIOBKEHHS B LIUX TOYKAX, TOOTO EO :

BucHoBok. [lana Meronuka M03BOJIIE 3 TOYHICTIO MOpaxyBaTH EIEKTPHYHI

KOJIa HECUHYCOIJaIbHOTO CTPYMY.
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YIK 531/534
3ACTOCYBAHHS KOE®ILIEHTA BUKOPUCTAHHSA KIHETUYHOI EHEPT'IT
ITPU YIIAPI IVIs1 KYBAHHSA METAJTY
cryneHTka Bakynina A.Jl., k.T.H., goreHt tedan H.I.
HauionainbHuil TexHiYHMI yHIBepcuTeT YKpaiHu
«KuiBcbkuil mositexHivuui iHcTuryT iMeHi Iropst CikopcbKoro

[Ipy KyBaHHI MeTaly KOPHCHOIO BBAKA€ThCS Ta YaCTHHA KIHETUYHOI €HEeprii
MOJIOTA, KA BUTPAYAETHCS HA pOOOTY IIaCTUYHOrO AeopMyBaHHS MeTany. byaemo
BBaXaTH, 10 poOOTa IJIACTUYHOTO JePOpPMYBaHHS JOPIBHIOE BTpaTi KIHETUYHOI
eHeprii T,, MOJIOTa, a IOBHA KIHETUYHA €HEPT1sl MOJIOTA!
To = myvi/2. SKmo mBUAKiCTs HaKOBambHI v, = 0, TO

_ Mimz 1-g% o
=21,

n mqtimz 2
KK/ npouecy KyBaHHs JOPIBHIOE
_ﬁ _ g R
n Ty Mg+, (1—-K%).
Hexait m,/m, = x, Toxui :
_L [:l _ KE)
T 14w '

1e M., M, — BIANOBIAHO Macl MOJIOTa Ta HAKOBaJIbHI 3 MOKOBKOIO.
Ha pucynky no6ynoBanuii rpadik OCTaHHBOI 3aJ1€KHOCTI, 3 IKOTO BHJIHO, 110
Nmax = 1 — K* mpu  x =0 (10610 mpu x GnusbKoMy 10 Hyjs). BixnosimHo, mo6

30UTbINTH €(EKTUBHICTh KyBaHHSI, HEOOX1/IHO 3MEHILIUTHA Macy MOJIOTA.

il
-k4
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VIK 531/534
BU3HAYEHHS IMITYJIbCY YJIAPHOI PEAKIIII OIIOPHU ITPU
OBEPTIHHI JUCKA

crynent Tpuryoens b.O., k.1.H., nonedt Illtedan H.I
HauionanbHui TexHiYHMil yHIBepcuTeT YKpainu
«KuiBcbkuii noJirexHiynui iHcTuryT iMmeni Iropst Cikocbkoro»

JlocnianuMo mUTaHHS PO BU3HAYEHHS IMITYJIbCY YAApHOI peakilii Ormopu, sIKIio
yaap € abCOJIFOTHO HEMPYXHUM Ta KYyTOBY IIBHJAKICTH AMCKA MICISA IBOTO yAApY AJIs
BUIAJIKy OOEpTaHHS OJHOPITHOTO Jucka paaiyca R 1 Macu M 3 KYyTOBOIO
MIBUOKICTIO (Wy.

BBaxkarumemo, 1m0 mo 0001y Jaucka 31 IMIBUAKICTIO v yaapsie MarepiajibHa
TOYKA Macu M.

3rifHO TEOpeMH, MPO 3MIHY TOJIOBHOTO MOMEHTa KUIBKOCTI PYXy CHUCTEMHU

BigHOCHO oci OZ maemo:

K.~ Ko = ) M.GP)
k=1

—

30BHINIHIN yAapHUA IMIOYJIbC S; TNEpPEeTUHAE BICh 1 TOMY WOTO MOMEHT
BiHOCHO oci popiBHIOE HyI0. Tomy K, = K,; — roioBHI MOMEHTH KiJIBKOCTI PyXy
cucteMu BifHOCHO oci OZ micns 1 1o ynapy. 3Haiiaemo ix:
K.o = K.go + Kzpo = Lwg + M,(m,v), a6o K, = J,w, + myvR/2.
(K40 1 Kzmo — KiBKOCTI pyXy /IUCKA | TOYKH B OYATKOBHH MOMEHT 4acy)

Tak sk ynap aOCOJIOTHO HENPYXKHUH, TO BEKTOp MIBHAKOCTI MICIS yaapy

U, HanmpsIMJIIEHUH TI0 TOTUYHIN 10 000y aucka. Toi,

MR wg+my v

Lw,+myuR=w (I,+m;R}), abo w,= PrE——"

3riHO TEOpPEMH PO 3MiHY KiILKOCTI pyXy cucteMu S, = AQ,,
SG_}? = ﬂQ}H QD = mlﬁy Q = mlu, &Q == mj_(u_ I?]
OTtxe, 0OTpUMy€EMO:

. o *\-'Emi {mRmD+mi u:]_
S,y = —myw,Rcos30°=—

2(m+2m4)

My (2mr+3my vr—mRE w
S,, =m,;(v— w_.R cos60°) = 1l 2 o)

2(m+2m4)
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