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ABSTRACT

A reference is made to the fact that a significant part
of the heat generated by combustien, is lest in the
atmosphere with exhausted flue gases. Contact economizer
systems are considered which help to utilize this heat by
heating up the water before entering the poiler or by heating
up urban heat supply water of the central heat supply
network, as recycled back to the neating plant. Attention is
drawn to some features of the new contact economizers which
allow pressure drop values as low as 10-20 mm water head at
high gas superficial- velocitles, i.e, up to 31 mfs. Hew
process flow charts with contact economizers whiech  helping
to utilize heat at higher temperature levelsby simultanecus
reduction of nitric oxides emissions down te 13 %, are given.
The method developed for designing such systems is described,
and data obtained in experiments with such industrial systems
developed by the authors, are orasanted.
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On the Optimal Form of Stacks in Pucked Columns

’ N o Kolew R Dillet, R Semkonw J.

The plcrfofmnncc af .1. colunin packing depends Liesides physical
properties of the systems to be scparated and the operational condi-
liens mainly on the basic shape, the thichness of the materizl 2nd the
main dimensions of the packing clenients. These magnitudes of con-
struction govern the speailic area including the void [raction of the
packing and thercfore its cfficicocy, pressure drop and capacity, It is
reported about constructive measures for oplimization of 2 packing ge-

omelry.

Mackowiakand Sv. Nakow *

Cher die optimale Farm von Packungselenenten

Die Wirksambeil ciner Kolopnenpackuny hinpt neben den physika-
lischen Stoffnrofien des 70 trennenden Systems und den Hetrichske- |
diagungen it entscheidendem Mole von dder geometrischen Grupd-
form, von dur Materialsvirke und ver den Hauptabmessungen der
Packungsclemente ab. Dicse konstrokt-ven GritBen Lestimmen die
spezifischie Oberfliche sowie das relative freie Lilckenvolumen der
Packung und somit deren Trennwirkung, Druckveriust uod Helastbar-
keit. Es wird Uber kenstruktive Moglichkciten zur Optimisiung einer
Packungsgeometrie berichtet. -
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MATHEMATICAL MODELLING OF HEAT AND MASS
TRANSFER IN PACKED BED COLUMNS

Nikolai Kolev, Krum Semkov, Rumen Darakchiey

Institute of Chemical Engineering, Bulgarian Academy of Sciences

1113 Sofia, Acad. G. Bonchev Str. Bl. 103

L. Introduction

i’acking height evaluation by packed columns presents still a major design problem. Up
to now, there is still no unified approach for the determination of this parameter. The hitherto
known design methods and relationships are valid for particular design applications and vary
depending on the type of operation (absorption, distillation, direct heat transfer) or, as in the
case of distillation columns, dlso on the system employed. Thus, in the general case the
industrial equipment design requires additional experiments which lead to extensive
investments and delayed production. The objective of this paper is to analyse packed column
design considering the similarities between absorption, desorption, distillation and direct heat
transfer, as well as to propose a unified approach to the design of this operations by

dimensionless equations derived through experiments based on “cold” models
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Mathematical Modelling of Heat and Mass Transfer
in Packed Bed Columns

Nikolai Kolev, Krum Semkov, Rumen Darakchiev
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1113 Sofia, Acad. G. Bonchev Str. Bl. 103

1. Introduction

Packing height evaluation by packed columns presents still a major design
problem. Up to now, there is still no unified approach for the determination of
this parameter. The hitherto known design methods and relationships are valid for
particular design applications and vary depending on the type of operation (ab-
sorption, distillation, direct heat transfer) or, as in the case of distillation columns,
also on the system employed. Thus, in the general case the industrial cquipment
design requires additional experiments which lead to extensive investments and
delayed production. The objcctive of this paper is to analysce packed column de-
sign considering the similaritics between absorption, desorption, distillation and
dircct heat transfer, as well as to proposc a unificd approach to the design of this
operations by dimensionless cquations derived through experiments based on
“cold™ models.
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BUTYL ACETATE AND BUTANOL STRIPING FROM
WASTE WATERS IN ANTIBIOTIC PRODUCTION

N. KOLEV, R. DARAKCHIEV and Kr. SEMKOV

Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev St., Bl. 103,
1113 Sofia, Bulgana

(Received October 1995; accepted November 1995)

Abstract—The waste waters from the production of antibiotics contain certain quantities of butyl acetate
or butanol. For the purpose of their purification by removal of these organic solvents a technology and
an installation have been created. The installation described operates steadily with waters tending to cause
settling of solids, when heated in a heat exchanger or when decreasing the concentration of the organic
solvent in the stripping column. The investigation of the industrial column shows a degree of purification
of 99-100% at different regimes of operation. The five year exploitation of the installation for removal
of butyl acetate and the two year operation of that for the removal of butanol showed that the solids
coagulating from waste water did not settle on the apparatus walls. Copyright © 1996 Elsevier Science
Lid.

Key words—antibiotic production, waste waters, butyl acetate, butanol, organic solvents, stripping
columns
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SECOND GENERATION CONTACT ECONOMIZER SYSTEMS
- INDUSTRIAL EXPERIENCE

N. Kolev, R. Darakchiev, K. Semkov, D. Kolev
Institute of Chemical Engineering, Bulgarlan Academy of Sciences, Sofia

1. Introduction

The systems with contact economizers [1-3] are the most effective recent
instailations for utilization of waste heat of the flue gases. They consist of a heat-
mass-transfer apparatus, usually a simple packed-bed column, a pump section,
and a water-water heat-exchanger. The flue gases are cooled in the column during
the direct contact with water circulating countercurrently to the gas flow. The water
is heated and simuttaneously the maor part of the water vapor in the gas is
condensed. In the heat-exchanger the warm water from the economizer transfer its
heat content to a pure water flow. Usually this is the water going to the department
for chemically purified water, the feed water for the boilers and for the district
heating network. Simple balance calcuiations show that the flue gases contain
much more heat than Is necessary to warm the encountered flows . A large quantity
of water that has to be heated, is a partially cooled flow (about 55°C) returning
from the district heating network to the heat power plant. When burning natural
gas, the temperature of the wetted thermometer of the flue gases is about 60°C.
Because of the high efficlency of the economizers the temparature of the recycled
water after contaclting the gases is only 2°C lower, l.e. about 58°C. In a plate hoot-
exchanger tho temperature diiforenco botweon tho hoating and hoated flow s
about 3°C. Consequently, with the heating systems described above the pure
water flow can be warmed up to 55°C. Evidently, thelr use Is not appropriate for
this case. The present paper considers the application of improved contact
economizer systems for heating of water of district networks using the heat of flue
gases.
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CHUCTEMMW C KOHTAKTHHU FKOHOMARIEPU B1 OPO NOKONEHWE
NPOMMULLNEH ONUT

ﬂhmﬂ&ﬁ_KQﬂﬂLEllﬁliﬂﬂnﬂn‘mﬂﬂ*m‘Cﬁmﬂ. Adrnmurnp Kones

MHCTHTYT NoO HIKeHepHa XUMuA npu BAH

1.BueofjoHne

CHCTOMHTE C KOHTaKTHW exoHomansepn [1-3] ca Har-edex nBHWTe
H3IBECTHU O cara HHCTanauMu 3a YTUIKM3auUMA Ha TOMNWHATA Ha OMMHM rasoes. Te
Ce CLCTOAT OT Tonno-macoobMeneH anapar, OGMKHOBEHHO KONOHA C MbITHEX ,
nomneH 6ok u TonnooGmennuk. [luMHUTE rasose ce MPOMHBAT B NPOTHBOTOK B
KONOHATA C MbNHEX C UWPKYNAUMOHHE BOQE, KOATO CB HarpAsa 3a CMeTKA Ha
TAXHOTO OXNnaxnaHe ¥ Ha KOHIeH3aLUMA Ha OCHOBHATA YAaCT OT HOCOHATa OT TRX
BopHa napa. B tonnoobmexHuka Harpatara B eKOHCMaW3epa Bofa oOTfasa
ToliMHaTa CH 3a HarpABaHe Ha uucta Bofa. O6WKHOBEHHO TOBA B Bonara
nocTeLnsaiia OTABNEHWeTO 38 XHMHYECKK OuMMCTeHAa BOfAa, NOANMTKATA Ha
KOT/IMTE  MNW  Ha TornopukauroHHate Mpexa. Enementapuure BGanamcosw
HIUHCNBHAA NOKA3BAT, 4O TONNMHATA, KOATO MOXO [1a CO YTHIIUIHPA OT [IUMHHMTS
rasose OOMKHOBOHHO @ MHOTOKDATHO MOBEYS OT TOMMMHATA Hoobxoiumn  3a
HArpRBaHe Ha Teau noToun. EnMH ronAm pessps oT cpasHMIenHO Clyflena pona
Npefcrasnsea Bpbljauiata ce B TONNOGMKALUMOHHWIE LEHTPanM oxnajjoHa
TONMOGUKALIMOHHE Bofla. Ha HeWHOTO HarpABaMe, npw M3NON3yBaHATO HA
YCbBbLPUIGHCTBYBAHH CHMCTOMW C KOHTAKTHW @KOHOMaidepw e MocBeTeHa M

HacToRwara pabora,
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Chloroform Stripping from Waste Waters

Nikolai Kolev,* Rumen Darakchiev, and Krum Semkov

Institute of Chemical Engincering, Bulgarian Academy of Sciences, 1113 Softa, Bulgaria

The problem treated in this paper is the purification of waste industrial waters from chloroform.
An industrial installation with a stripping column is designed, and the results of its study and
industrial tests are presented. 1t is shown that, in a column with 6400 mm total height of the
used packing (Holpack), the chloroform concentration in the waste water decreases 150 000 times,
approaching that of drinking water.
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BULGARIAN CHEMICAL COMMUNICATIONS
Volume 31, Number 3/4 (pp. 403 - 413), 1999

LIQUID PHASE AXIAL MIXING IN PACKED COLUMNS WITH
HONEY-COMB STRUCTURED PACKING

Krum A. Semkov, Nikolai N. Kolev, Roman G. Popov

Institute of Chemical Engineering,
Bulgarian Academy of Sciences 1113 Sofia, Bulgaria

Dedicated to Professor Dimiter Gi. Elenkov on the occasion of the 80th anniversary
of his birth

Recerved November 1 1th, 1999

Experimental studies were carried out to estimate the axial mixing in
the liquid phase in a column with a novel, highly effective “honey-comb™
structured packing of polypropylene. A method with a single S-impulse of
clectrolyte tracer was used. The results were obtained and processed “on-ling”™
using a personal compulter in combination with a measurning system based on
analogue-digital converter. The disturbance caused by the measuring cell was
laken imle account, too. For this purpose, preliminary experiments in a col-
umnn without packing were carmed out in a wide range of the liquid Toad.

Three different hvdrodynamic regumes were registered along the nise off
the Reynolds number — an increase, decrease and agaim increase of the Boden-
stein number. Consequently, three dimensionless cquations for determination
of the Bodenstein number and the transient values of Reynolds number for
each regime were obtained.

The results were used to determine the mfluence of the hiquid phase
axial mixing on the packing's efliciency. Earlier obtained data for the integral
mass transfer coeflicient in the liquid phase was processed by means of a
combined solution of the one-parameter dispersion model and the plug-flow
model, using an appropriate iterative procedure. As a result, local mass-trans-
fer coefficient values, not influenced by the axial mixing, were obtained. It
was shown that the axial mixing can reduce the packing's efliciency by up to
40% and the minimal miluence was found at Reynolds number value of about
108.

Key words: packed columns, axial mixing, masstranster
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BULGARIAN CHEMICAL COMMUNICATIONS
Volume 32, Number 34 (pp. 497 — 516). 2000

PARAMETERS IDENTIFICATION OF A MATHEMATICAL
MODEL FOR LIQUID DISTRIBUTION IN PACKED-BED
COLUMNS

Krum A, Semkov', Tatiana St. Petrova'. Pavel Moravec®

" Institute of Chemical E ngineering, Bulgarian Academy of Sciences, 1113 Sofia,
? Institute of Chemical Processes Fundamentals, Czech A cademy of Sciences, Prague

Dedicated 1o Professor Georgi M. Bliznakov on the occasion of the 80th
anmversary of his hirth

Received September 27th, 20000

A complex identification method for determination of parameters of a
mathematical model describing the liquid distribution in packed columns
with hiparametric boundary condition at the column wall is proposed. One of
the parameters is directly determined from experimental data for two cases
of mitual irrigation: umformly distributed initial flow and wall-introduced
one. The other parameter is denived by consequent nonlinear optimization for
isell and for the hquid spreading coefficient minimizing the residual
varance

The method 1s tested with three types of packing - Pall rings 25 mm,
Intalox saddles 25 % 30 mm. and Minirings 17 x 50 mm. [he experiments
are carried out in a packed-bed column 188 6 mm in diameter. with both
uniformly distributed and wall initial liquid flow, according to the method's
requirenents,

tor Pall rings and Intalox saddles. the parameters of boundary
conditions, as well as the coefficient of liquid spreading are obtained, The
entstence of conditions under which the method is not applicable is illus-
trated in the case of Mimirings packing.

A comparison is made with data of other authors for the distribution
coeflicient obtained by other methods.

Key words: packed columns. random packing. liquid distribution, mathe-
matical modellng ’
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MORE EFFICIENT FLUE GAS ENERGY RECOVERY THROUGH PINCH ANALYSIS

T. K. Zhelev and K. A. Semkov™

* Chemical Engineering Department. University of Durban-Westville,
Private Bag X34001, 4000 Durban, South Afnica

" Institute of Chermical Enginesning, Bulgarian academy of Sciences.
Acad.G.Bontehev Str . BL10% 1113 Sof1a, Bulgana

The paper addresses the problems of emergy conservation and environment protection in industral
applications where simultneous heat and mass transfer processes are in place. The attention 1=
concentrated towards possible flue-gas energy unlisation accompanied with strong environmental
impact. It 1s shown that m case of coal fired industrial beilers the flue gas tlemperature can be lowered
substantiallv without increasmg the nsk of back-end condensanon. This 15 possible through
dehumidification of tlue gas m a packed-bed economiser system with . water. Diiferent design contact
economiser systems (CES) are presented and compared. Pinch principles are deploved for targeting and
design guiding purposes. The inliuence of the process variables an the design and efficiency of heat and
mass transfer processes are analvsed and supporting combination of tools 15 proposed. An anempt 1s
made to apply Pinch principles for betier design and operation ot svstems of CONMECT economIseTs
balancing the heat and mass mansfer in a second generavon CES of parallel type. The resulls are
expected to make these svstems more sophisticated and more suttable tor industrial applications. They
open the door for 1oral efficiency improvement of power stations and generaiisation of methodology for
management of energy and waler resources,
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Combined Heat and Mass Pinch Analysis for More
Efficient Flue Gas Energy Recovery

Toshko Zhelev* and Krum Semkov**

Chemical Engineering Discipline,
University of Durban-Westville,
Durban, South Africa
** Institute of Chemical Engineering,
Bulgarian Academy of Sciences, BGR

The paper attempts Lo combine the exceptionally successful Thermal Pinch concept with Mass transtor Pinch. ereating o
procedure for Largeting two major components in power production - water and energy. 11 addresses the prablem ol
energy conservation and environment protection in industrial applications where simultaneous heat and mass transfer
processes take place. The contact economizer system used for low-level energy utilization of flue gases is considered us
an example. The influence of flue gas moisture content, dew point, phase conditions, column height. ete. on the contact
economizer system's structure and efficient operation are also addressed. The effect of the closest approach between the
equilibrium curve and the operating line are discussed and the effect of Pinch allocation on system design and efficient
unit operation are analyzed. The methodology uses a combination of the concepts applied in the classical 11/1
presentation of the operating linefequilibrium curve and in Composite curves for Pinch analysis for mass transfer
optimization and system structure design. A possible application of a contact economizer system for an existing power
station is demonstrated. forming the basis for further methodology refinement and generalization,

13



32. T. Zhelev, Kr. Semkov, Optimal design and efficient operation of contact economizer
systems based on combined thermal and mass transfer Pinch analysis, 9" International

Summer School of Chemical Engineering, Sozopol 18-24 September 2001, Proceedings
329-332.

D4 OPTIMAL DESIGN AND EFFICIENT OPERATION
OF CONTACT ECONOMISER SYSTEMS BASED
ON COMBINED THERMAL AND MASS TRANSFER PINCH
ANALYSIS

T.K.Zhelev* and K.A.Semkov**

Chemical Engineering Discipline, University of Durban-Westville, Durban, South
Africa
** Institute of Chemical Engineering, Bulgarian Academy of Sciences, Sofia, Bulgaria

CONTACT ECONOMISER SYSTEMS

%

It 1s well known why designers hesitate to cool flue gases from industrial
boilers below 130-140°C. The danger of back-end acidic condensation is justified by
the dew point of the SO; contamed in the flue gas. The sulphur content of South
African coal differs from that of other countries and is in the range of 0.5-0.7%.
This fact, as well as successful application of contact economiser systems for flue
gas energy recovery from natural gas fired European boilers [1] has provided the
umpetus to explore the compelling opportumity to combme energy efficiency
improvement with strong positive environmental impact.
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EFFICIENT RESOURCES MANAGEMENT APPLIED TO FLUE
GAS ENERGY RECOVERY FROM COAL FIRED BOILERS

Krum A, Semkov'. Toshko K. Zhelev’

Mastitute of Chemical Engineering, Bilgerian Academy of Sciences,
1113 Sofie, Bulgaria

“Chemical Engineering Discipline, Universite of Durban-Westville,
Duerban, Nonrh Africa
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The paper propuses the appheation of contiact ceenomitzer svstenis o
encrgy and water recovery from coal fired botlers my power production. The
combined thermal and mass twanster pinch amaboas s oused foe elficient
resources  managenient.  The mathematicnl  meadehmg ol ibe contac
cconomitzer sy stems, where simulaneensly direct hoat and mass timster
processes are taking place, s gven, The problems ol energy conservation
and environmental protection in industrial prsctee. the inthaence ol Hue gas
mosture content, dew point, phase condifions colinn height. svstem's
stricture and efficient operation are also addicssed The real operating
paramieters, obtained from the model gl expernment on lirst and - second
peneration pilet contact ceonomizer svstenn, arc proescnted. s shown the
ellect of moreasing the polentiad of utilizcd heat with 9670 usmy the second
generation contact ceonomizers related oo the hist sopetalion svstam A
possible applicaton man existing power steion with the expected energy
and water whibiztion s oshowns The enviranment protection elfect s

clemuonstpabed Toa

Key  werdy:  resomees nomaecieent, dives b bost o aad niiess dransler,
1 H

vl e el sodelme, paneh anabs s environmmenta | protechon
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DETERMINATION OF THE CHARACTERISTIC PACKING SIZE
IN THE MATHEMATICAL MODEL FOR LIQUID PHASE
SPREADING IN PACKED-BED COLUMNS WITH DEFLECTING
RINGS

i . - ca 2
l'atiana S. Petrova'*, Krum A. Semkov'*, Pavel Moravec

! Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. Bonchev St
BL 03, 1113 Sofia, Bulparia,
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Asoethad b proposed B deternsisation ol the packing chanwtenstic
stoe om e bass ol o owmathenwical madel descerihing the Tguid phase
spresding moa packed-bed column wih detlecunge rings The mathematical
model gives e theorencal wngaton densiv s o function of the packing
characterisic siee and the width of deflecung rng. The wethod s aimed a
tindmg the mummun of the varienee between theoretical and expermental
data for trrigation density at vanous values of the charactensic size.

The expenmental data [or amgation densitv are obtained by a liguad
collecting device mounted at the bottomm of o gluss column (U886 m n
diameter. The column has two dellecting rings along its height. The packings
stuched wre Pall nngs and Intalox saddles. The valoes of the characteristic size
are oblaimel Tor packings of the above tvpes using previous own resulls as
well, The estimated values and nrigation density are presented in the form ol
tables and graphs

Key words: packed bed column, Bgued distiiibution. mathematical modeling,
parameler csliumation,
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Mathematical modeling of gas distribution in packed columns
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Abstract

A dispersion model is proposed for the description of gas distribution in a packed column in the absence of liquid flow. The radial
gas velocity profile is simulated for three different packing heights and compared with appropriate experimental data, obtained in a
column with “honey-comb’ structured packing and gas distribution device (GDD). By separating the effect of the distributor from
that of the packing layer, the additivity of packing redistribution capability and GDD is proved. The model parameters (distribution
ability) are identified by means of non-linear optimization. minimizing the residual variance between the experimental and
theoretical gas velocity. The model and experiment adequacy 1s checked. An analytical formula for the maldistribution factor 1s
proposed. based on the model distribution parameter and initial condition only. and compared with the measured experimental
maldistribution factor. Considering the studied packing. gas distribution coefficient is found based on the additivity of the obtained
model parameters.
¢ 2003 Elsevier Science B.V. All rights reserved.

Kevwords: Gas distribution: Packed columms: Maldistnibution factor: Structured packimg: Identification of the parameters

17



36. T. Zhelev, Kr. Semkov, Cleaner flue gas and energy recovery through pinch analysis,
Journal of Cleaner Production, 12, 165-170 (2004).

Available online at www.sciencedirect.com

BCI!Nc!@nna!c-ra Journal of

1er
AN Production
ELSEVIER Journal of Cleaner Production 12 (2004) 165 170 —_—— :

www.elsevier.com/locate/jclepro

Cleaner flue gas and energy recovery through pinch analysis
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Abstract

The paper addresses the problems of cleaner energy generation in industrial applications. Its aims further flue gas energy recovery
accompanied with additional environmental impact. It shows how the widely accepted flue gas temperature of industial coal fired
boilers can be lowered substantially without increasing the risk of back-end condensation, This is possible through dehumidification
and partial absorption of the flue pas in a packed-bed economiser system by circulating water. Different design contact economiser
systems (CES) are presented and compared. Pinch principles are deployed for targeting, design and operation-guiding purposes,
balancing the heat and mass transfer in a second generation CES of parailel type. The results are expected to make these systems
more sophisticated and more suitable for industrial applications. They open the door for valuable boiler efficiency improvement
and generalisation of methodology for simultancous management of energy and water resources.
© 2003 Clsevier Ltd. All rights reserved.

Keywords: Contact economiser: Pinch analysis; Flue gas
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VATHEMATICAL MODELING OF SINGLE-PHASE FLOWS
IN PACKED-BED COLUMNS

TATYANA PETROVA. KRUM SEMKOV

instituie of Chomical Engineening. Bulgarian Academy of Sciences.
Acad. G Bounehey Str. Building 103, 1113 Softa, Bulgaria.
Phona: #3392 (0TU3281), Fax: 4339 2 (370 75 23). c-mail @ ipetonsgion has by

Kew vponds mthematioal modelog, dlenbfication of pesimesters, packed-hed cobimng, maldistnbution fnetor

ABSTRACT:  spersion medels for sunulating the radial maldistribution of singie-phase flows
1 prached-bed columins have been developed. Two cases for their application on iiquid phase.
spreading over random packing i (he column. wete considered: respectively with and without wall
fiow deficetng rings. mounted on the columm wall to restrict a wall flow. Model parameters have
been adentified with the help of cxperimental data by non-linear optimization of minimum of
wsidun! varinee botween the moded and experimenial valucs. Tt was proposced to describe the radial
cas waidistrbution in nacked colomn by mesis of dispersion model too. On this mode!'s solution
sddinvty of was redistribubion abiities for both packing Javer and preceaed was

yvoven The theoreiicst lationship for malkbisinbuiion facior explining the

T GeVIoY s
aoreloproont of matdastnbaunn factor wlopg the packing faver's heigin has been worked out. The

madels e cheekod anoon an expenmieival deta fer structured and randon packings.
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38. C. Jlapaxuues, Kp. CemkoB, BiusiHue Ha HEpaBHOMEPHOTO pa3lpeAciiCHUE Ha MapuTe
BbPXY €()EKTHBHOCTTA Ha KOJIOHHTE C IBJIHEX NPU PEKTU(UKAIUS Ha cUCTeMaTa
eTaHon-Bofa, VI nayuonanna miadexcka nayuno-npakmuyecka cecus 2008, Codust 21-
22 ampun 2008 ., CoopHuk moxnaau, 134-138.

BAHAHNE HA HEPABHOMEPHOTO PA3NIPEJIEJEHUE HA TTAPHTE BLIPXY
EGEKTHBHOCTTA HA KOJTOHHTE C IBJHEK ITPH PEKTHMUKA LIS HA
CHCTEMATA ETAHOJI-BOJIA

Cusrcon Japarunes, Kpym Cemron
E-mail: s_darakchievi@abv.bg
1. Bonmeaenune
Lo 0T 0CHOBHUTE  HEAOCTaTLUH  HA  KONOHWTE € HBIHEK € HCPABHOMCPHOTO
PUSIPC LIS Tl HOTOLHTE 110 HANPEUHOTO ceveHue Ha arnapata. O0pazyBaneto (u Kb o
TCHIOCTTL 1 TapuTe BOIAN J0 3aryda Ha Mexaydazna MoBBPXHOCT W COeIOBATC G ORI
sttatrreno eherriioctTTa na nbianeka. M3sectro e (1], ve npu ki quieraoni gie i ciicn e
CROPOCTH 14 TEHHOCTTAa M BHCOKM  CKOpPOCTH  Ha mapara) ce naldinoiara  plomwaeaie o
COCKTHBIOCTTA 3apain HEPABHONMEPHOCT Ha TeuHara (asa. Tosa ce ALJLKN Ha L00EKABaIC T
PadOTHATA JIHHIS 0 PABHOBECHATA, KOETO BOAM JO YBEIUUABAHE OPOS Ha TCOPETHUIITC TAPCIKIL
ROTO B 15RO CORUITI 1A KOJIOHATA ABETE JIHHUK MOTaT JOPH Ia ¢e NPECCRNT 3apa/lit Pas il 1
oromenisra LG
Pasimiero na MOACPHUTE HCHAPCAECHH MBJINEKH DOBEIC 110 CHIMABANCTO KL kpay 111 70-
TCTOANTI 1A TP, TBHEHKI OT TPETO NMOKONEHHE, XapaKTepH3HPAIL CC ¢ HHCKO NIUPaB T
CLHPUTHRACINIC, BHCOKA ¢(PCKTHBHOCT M BHCOKA CTEMEH HA TEXHOMOTHUHOCT TIPH 11Pato KT,
Tosa ca Nutter Ring. CMR Ring, IMTP Ring v fip., KOUTO 3HAUNTEITHO NPERHUBAT 1HAPAMC TP
na rpammontnte Pall Ring w Intalox Saddle — venapenenu neanexu ot sropo noxoicnie. One
Ho=T00PTE XAPAKTePHCTHRI NoKa3sa npenoxerus mpes 1995 r. Raschig Super — Ring [2]. nopius
SOOI CHITE S ULPBIEE NPEICTABUTEN Ha HENAPEIEHH MBIHGKH OT HETERLPTO HOKOICHIIC,
chcdcanminiia [ 50 4] odaue nokazBaT. uwe MoOpaiM OTBOPEHATA CH CTPVKIVPL It HHCKOTo O

CHITPOTHB IS, TCe3H ITLJTHEMH HMAT  CPaBHHTCHO BHCOKN crelen i
CUOHG MsaBaTA (i}ai’,il.
U Hac oA LlaTa })Llﬁ()'l'ii C Ja c¢ Hacjicana t.‘(hL'l\"l'H[H[(]L"l"]'ll T TS e i
A Ha cHeTeMaTa eTanoin-poda 1nmpu npoMeHIIHnEO [[JJTC]"I\!OBO HHCTO 1L ce Ve diton
ST T L HEPABHOMEPHOCTTA.
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39. S. Darakchiev, Kr. Semkov, Study of modern high effective random packings for

ethanol-water rectification, Chem. Eng. Technol., 31, 7, 1039-1045 (2008). ISSN 0930-
7516

Chem Fap. Technol 2008, 31, Neo. 7.1039-1045 1039

Simeon Darakchiev' Research Article
Krum Semkov’

A Study on Modern High-Effective Random

1 )
Institute of Chemical

Engineering Bulgarian PaCkingS fOI’ EtharIO‘-water ReCtiﬁcation
Academy of Sciences, Sofia,
Bulgaria.

Raschig Super-Ring is a modern and high-efficient packing used for intensilica-
tion of absorption and distillation processes. The aim of this work is to character

ize the efficiency of this packing applied to rectification of an important indus

trial system, cthanol-water, and to compare its efficiency to that of some random
packings of the third generation as well as to the structured packing, HOLPACK,
which is used in the ethanol production industry. The experiments were carried
oul in 4 column installation, 0.213 m in diameter with a packing height of 2.8 m.
The column is heated by a number of electrical heaters (total power 43 KW,
which can be switched gradually. Operation at total and partial reflux is possible.
Fight tvpes of random packings were studied: five types ol Raschig Super-Ring,
Sour metallic (with characteristic dimensions 0.5, 0.6, 0.7, and 171 and one of
plastic material 0.675 two types of packing IMTP and one plastic Ralu Flow. Some
cxperiments were conducted at total reflux operation at vapor velocity,
(12330936 m/s, and liquid superficial velocity, 4.44-107-1.63-10 S mes ]
Experiments at partial reflux were carried out at constant liquid superticial velo

citv and changeable vapor velocity as well as at constant vapor velocity and
changeable liguid velocity. The results are presented as height of transfer unit,
HTU, and height equivalent to a theoretical plate, HETP, as a function of the ve-
locity of phases.

Keywords: Distillation, Mass transfer, Packed bed columns, Raschig rings
Received: |anuary 18, 2008; accepted: February 08, 2008
DOI: 10.1002 fceat. 200800029

21



40. T. Petrova, R. Darakchiev, Kr. Semkov, S. Darakchiev, Estimation of Gas Flow
Maldistribution in Packed-Bed Columns, Chem. Eng. Technol., 31, 12, 1723-1729
(2008). ISSN 0930-7516.

fatyuna Petrou

Rumern Darakcniay

Krurm Sernkov

Simeon Daraitchiev

Review

Estimations of Gas Flow Maldistribution
in Packed-Bed Columns

Areview of research articles dealing with estin

distribution in packed-bed columns is present he proposed

termination of the maldistribution factor are givert along with t

ch they are obtained. It is shown that the mdices of maldist

LLililJ]] &.'ih_':iIL'!L']'.'.\

v based on particular terms, L, disperston

vuitien. However, thev cannot be jarded as o s [ATS 1O I

bution 1f the s flow 1:'['&‘&:11[‘.1 s are nod homogeneousiv o

cross-section. There is no unified methodology for measurn

city profile. Schemes for measuring the velocity profiles, as wolt as cquanons o

ularing the maldistribution factor are recommeinded

Keywords: Gas flow maldistribution, Maldistribunon factor, Packed-beoa colamns, Ve

distribution
Received, july 7, 2008; revised: September 9, 2008; accepted: September 10, 2008

001 10,1002 /ceat.200800321
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41.

T. IlerpoBa, Kp. CemkoB, C. Jlapakuues, P. JlapakuneB, Pa3thuane Ha TeuHOCTTa B
KOJIOHH C HEHapeIeHH IhIHeXH, Hayunu mpyoose om Hayuna kongepenyus c
medncoynapoono yuacmue "XPAHUTEJIHA HAYVKA, TEXHUKA U TEXHOJIOT'UU -

2009", IInoBaus 23-24 okromBpu 2009 r, ToMm.LVI, cB. 2, 245-250. ISSN 0477-0250.

“XPAHMUTENHA HAYKA, TEXHUKA W FOOD SCIENCE, ENGINEERING AND
TEXHONOruu — 2009 TECHNOLOGIES ‘2009
23 - 24 oxromepu, MNnosaus .. 23 - 24 October, Plovdiv

PA3TUYAHE HA TEYHOCTTA B KONOHU C HEHAPEQEHWU
MBITHEXU

Tarana MNeTtposa, Kpym Cemrkos, CumeoH Dapakunes, Pymex Japakuven

Pesiome
Br3 ocHoEa Ha ecuyxu omxpumu 00 momenma GaHHU 3a KoeguuyueHma Ha pazmuyaHe
D 33 KoHeeHuuoHanHU U CbEPEMEHHU HapedeHu NbaHeXu, e Hanpased adanul Ha
BAUAHUBMO Ha CMpykmypama, pasMepume Ha NbjHexa, Kakmo U Ha Hayukume 3a

onpedenane, ebpxy cmolHocmma Ha D . YemaHogeHo e, ye KOSIKOMO € No-0meopeHa

Cmpykmypama Ha MbAHEXHUS efleMenm, monkoea noseye D Hamanssa, a € omdenHu
eyvau U cnupa 0a 3aeucy caMo Om OCHOBHURA (HOMUHaNeH) duamembp Ha MbIHeKa.

LIQUID FLOW DISTRIBUTION IN PACKED COLUMNS
Tatyana Petrova, Krum Sem!(.ov, Simeon Darakchiev, Rumen Darakchiev

Absiract
An analysis of the impact of the structure and size of packing as well as the manner of

determination of liquid spreading coefficient D, on the value of D is done, based on all
founded untif now literature data for spreading coefficient of conventional and modern

random packings. It is shown that as the packing element structure became more open D

decreases more and occasionally DD stops to depend on just the basic {(nominal) diameter
of the packing.
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42. P. HNapakumes, T. IletpoBa, Kp. CemkoB, C. /lapakuueB, Pa3ruuanHe Ha Te4HOCTTa B
KOJIOHH C TBJIHEXK ,[luenna mura”, Hayunu mpyoose om Hayuna xoughepenyus c
medncoynapoono yuacmue "XPAHUTEJIHA HAYVKA, TEXHUKA U TEXHOJIOT'UU -
2009", IInoBaus 23-24 okromBpu 2009 r, ToMm.LVI, cB. 2, 251-255. ISSN 0477-0250.

TEXHONOruu — 2009” TECHNOLOGIES ‘2009

“XPAHUTENTHA HAYKA, TEXHUKA U @ FOOD SCIENCE, ENGINEERING AND
23 - 24 oktomBpw, MnosavBs ot 23 - 24 October, Plovdiv

PA3TUYAHE HA TEYHOCTTA B KOJIOHU C MbNHEX
“NMYENHA NMUTA”

Pymen [lapakuues, TataHa Metposa, Kpym Cemkos, CumeoH Hapaxk4unes

Pesrome

H3scnedean e koeguyuenmbm Ha pasmuvarne D Ha 610koe KepamuyveH nbriHex
‘IyenHa numa”, kamo noxazamesn 3a pazmuvawiama crnocobHocm Ha MbHeXa.
M3cnedsaku ca kakmo npaeu 6710k0ee U makusa C Pasnu4eH HakMoH, pasnuyeH pasmep
Ha Wwecmobab/iHUMmMe 0meopu U pasnuyHa sucoyuHa. loKkasaHo e, Ye CUHO slusSHUe Ha
KoegbuyueHma oka3ea babna Ha HakioHa u duaMembpa Ha snucaHama OKPbXHOCM &
wecmaobebllHUme 0maopu.

LIQUID FLOW DISTRIBUTION IN COLUMNS WITH HONEYCOMB
PACKING

Rumen Darakchiev, Tatyana Petrova, Krum Semkov, Simeon Darakchiev

Abstract

The radial spreading coefficient D as an indicator of the packing spreading ability of
ceramic stacked packing Honeycomb has been investigated. There are examined straight
stacked as well as inclined packing blocks with different slopes, sizes of hexagonal holes
and different block heights. It is shown that the angle of inclination and the diameter of a
circle inscribed into hexagonal hole have great influence on the value of packing spreading
coefficient.
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43. Kr. Semkov, S. Darakchiev, Influence of Smallscale Maldistribution in the Vapor
Phase on the Efficiency of Rectification in Packed Columns, Bulg. Chem. Commun.,
42, 3, 194-204 (2010). ISSN 0324-1130

Bulgarian Chemical Communrications, Volume 42, Number 3 (pp. 194-204) 2010

The influence of small scale maldistribution in the vapor phase on the efficiency of
the rectification in packed columns

K. Semkov’, S. Darakchiev

Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev St. Bl. 103, 1113 Sofia, Bulgaria

Received November 2, 2009, Revised March 29, 2010

An analysis is made of the possibilities for accounting for small and large scale maldistribution in gas and
liquid phases in packed columns. A stochastic parallel model is proposed for mathematical modeling of small scale
maldistribution in gas (vapor) phase. It is assumed that the non-uniformity is normally distributed with standard
deviation, equal 1o the maldistribution factor M. The reality of this assumption is confirmed by an analysis of previous
experimental data for gas phase small scale maldistribution using modern random IMTP and RSRM packing. The
model is tested for ethanol-water rectification using structured HOLPACK packing. Experimental data for seven types
of modern packing (IMTP, Raschig Super-Ring (RSR) Metal and Plastic, and Ralu Flow Plastic) at high ethanol
concentration are used to estimate the impact of vapor phase small scale maldistribution. It is found that its influence on
mass transfer efficiency is quite different, and for various packing it is between 14 and 38 %. For comparison, this value
for structured HOLPACK packing is 10-12 %. It is shown that a preliminary analysis of the efficiency reduction due to
small scale maldistribution can provide information about the expedience of using a particular type of packing at
particular operational conditions.

Keywords: Gas maldistribution, distillation, efficiency, packed columns
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44. S. Darakchiev, Kr. Semkov, Separation Efficiency of HOLPACK Packing for Ethanol-
Water Rectification in Different Concentration Ranges, Journal of International
Scientific Publications: Materials, Methods & Technologies, V. 4., Part 2, 263-274
(2010). ISSN 1313-2539, http://www.science-journals.eu.

Journal of International Scientific Publication:
Materials, Methods & Technologies, Volume 4, Part 2

ISSN 1313-2539, Published at: http:/ /wwwscience-journals.eu

SEPARATION EFFICIENCY OF HOLPACK PACKING FOR ETHANOL — WATER
RECTIFICATION IN DIFFERENT CONCENTRATION RANGES
Simeon R. Darakchiev, Krum A. Semkov
Bulgarian academy of sciences, Institute of chemical engineering, Acad. G. Bonchev Str. bl. 103,

1113 Sofia, Bulgaria

Abstract

In this study the mass transfer efficiency of HOLPACK packing is investigated in ethanol-water
rectification in terms of high ethanol concentrations. The results are compared with previous study of
this packing for low ethanol concentrations. The comparison shows variation of the efficiency
depending on the investigated composition area. The reason is sought in highly variable physico-
chemical properties of the system, its vapor-liquid equilibrium character and the different influence of
some effects on mass transfer. The most part of the rectification column operates in the range of the
highest concentrations, due to the specific type of this system equilibrium. Therefore it is important to
study the process in these conditions.

Key words: Distillation, rectification, packed columns, HOLPACK packing, separation efficiency.
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45. T. Petrova, S. Darakchiev, Kr. Semkov, R. Darakchiev, Method for Estimation of the
Gas Phase Maldistribution Packed Bed Columns, Journal of International Scientific
Publications: Materials, Methods & Technologies, V. 4., Part 2, 323-332 (2010). ISSN
1313-2539, http://www.science-journals.eu.

Journal of International Scientific Publication:

Materials, Methods & Technologies, Volume 4, Part 2

ISSN 1313-2539, Published at: http://www science-journals.eu

METHOD FOR ESTIMATION OF THE GAS PHASE MALDISTRIBUTION
IN PACKED BED COLUMNS
Tatyana St. Petrova', Simeon R. Darakchiev’, Krum A. Semkov’, Rumen D. Darakchiev'
'*34 Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl 103, 1113 Sofia, Bulgaria,
Email: tpetrova@ice.bas.bg

B EE L

Abstract

A detailed analysis of the gas phase maldistribution in packed bed column is carried out based on the
experimental data for some random and structured packing at different packing heights. The
maldistribution is expressed by the maldistribution factor, calculated from the radial velocity profiles
sampled by different number of measuring points. It is shown that by increasing the number of
measuring points over the column cross-section the gas maldistribution factor increases gradually but
after a definite number of points it does not change more - a “plateau’” is reached. This number of the
sampling points, respectively the size of the sample area determines the scale of the registered
maldistribution — large or small one. This way the different scale maldistributions and the zones where
they appear could be identified.

Key words: Packed columns, Gas maldistribution, Large/small scale maldistribution
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Parallel Model, 20" European Symposium on Computer Aided Process Engineering
(ESCAPE 20), 6-9 June, Ischia, Italy, S. Pierucci and G. Buzzi (Editors), Computer
Aided Chemical Engineering, 28, ELSEVIER, 1441-1446 (2010). ISBN 978-0-444-
53718-8.
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Evaluation of the influence of the vapor phase
maldistribution on the efficiency of distillation
packed columns using a stochastic parallel model

Krum Semkov

Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str. BI. 103, 1113 Sofia, Bulgaria, semkov@bas.be

Abstract

A modeling of the influence of the vapor phase smallscale maldistribution, caused by
the discrete structure of the packing on the distillation column efficiency is considered.
A recently proposed two parameters stochastic model is used based on experimentally
approved normal random distribution of the smallscale non-uniformities where the
standard deviation is the maldistribution factor M. A simplified model and numerical
solution are proposed, suitable for strongly non-linear system equilibrium,
approximating the normal distribution with 9 discrete intervals — so called “stanines”
(standard nines). A detailed description of the solution using an example of ethanol-
water system is presented. Numerical experiments for wide range of parameter values
are carried out for high ethanol concentrations, typical for the majority of the height of
an industrial rectification column. A comparison of the influence of the parameters on
the mass transfer efficiency is made and some recommendations of the appropriate
packing properties for efficiency improvement are given.
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47. C. lapakuneB, Kp. CemkoB, PekTudukaius B KOJIOHH ChC CHbBPEMEHHU HEHApEICHU
IIBJIHEXKH MPU TTPOMEHJIUBO (hiiermoBo uucio, Coopruk doxnadu om Jlamua wxona 3a
doxkmopanmu, nocmookmopawmu u miaou yueuwu, byprac, 6-8 rwmm 2010 r.,
Yuusepcuret “IIpod. 1-p Acen 3natapos”, 7 -13 (CD).

Jsitha wkona 06.07. - 08.07.2010 r, - bByprac
“NuMH9HH, GHOXHMHYHE TEXHOIOTHH 1 ONA3BAHE HA OKOJIHATA cpeta”

PEKTHOHKALNASA B KOJJOHH ChC CHLBPEMEHHHU HEHAPEJEHH
I'BJIHEKH ITPH ITPOMEHJIMBO ®JE'MOBO UUCJIO

Cumeon Hapaxkuues, Kpym CeMKkoB

RECTIFICATION IN COLUMNS WITH MODERN RANDOM PACKINGS AT
VARIABLE REFLUX RATIO

Simeon Darakchiev, Krum Semkov

ABSTRACT The efficiency of some modern random packing is investigated in ethanol — water rectification
depending on the reflux ratio. It was found that decreasing the reflux ratio the efficiency increase lo a certain
value and then begin to decline. The value of the reflux ratio at which the packings are most effective is
determined. It is also shown packing efficiency at a concrete reflux ratio R = 3.5, where most ofien the process is
accomplished for ethanol production. A comparison between the different packings is made in these conditions.

Key words: packed columns, random packings, distillation, rectification, reflux ratio
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48. C. Hapaxuues, Kp. CemkoB, Biausaue Ha (aerMoBOTO 4MCiIO BbpXY €(PEKTUBHOCTTA
Ha ITBJIHE)XM 3a KOJOHHHU arapaTéd NpU PEeKTU(HKANUsS Ha CHCTEMa €TaHOJ — BOJA,

Hayunu mpyoose na ynusepcumema no xpanumennu mexuonocuu — Ilnosous, Tom
LVII, Cg.2, 561-566 (2010).

TEXHOJOMMUK - 2010" TECHNOLOGIES 2010

- “XPAHUTENHA HAYKA, TEXHWKA K @ FOOD SCIENCE, ENGINEERING AND
£
15 ~ 16 oktomepu, Mnosgus — 15 — 16 October, Plovdiv

'BMUSIHUE HA GNIEFMOBOTO YMUCIIO BbPXY EQEKTUBHOCTTA HA
MIHEXM 3A KOJIOHHW AMAPATU NMPY PEKTUGUKALIUS
HA CUCTEMA ETAHOJ - BOAIA

Cumeon [lapak4nes, Kpym Cemkos

Hscnedeara e eghexmueHocMmMa Ha HAKOU CbBPEMEHHU HeHapeOeHU MbIHeXU npu
ipeﬁmucbuxauua CbC cucmema emaHon — eoda 8 3asucumocm om ¢hreamMo8omo Yucso.
¥maroeeHO e, ye ¢ HamanseaHe Ha (hNeamMoBOMo YUCO eeKmUSHOCMMa ce noauLa-
42 Jo onpedenena cmoliHocm, cned koemo 3anoyea da ce rnoHuxaea. Onpedeneqa e
gcmouh'ocmma Ha ¢bneemos0mMo Yucno, NpuU KOAMOo MbAHeXume ca Hall-eghekmueHu. Han-
geHO € CpasHeHue Mexady omoenHume NbfAHEXU NPU KOHKPEMHO ¢hileamM0o80 HYUCO.

INFLUENCE OF THE REFLUX RATIO ON PACKING EFFICIENCY FOR
RECTIFICATION OF ETHANOL - WATER SYSTEM

Simeon Darakchiev, Krum Semkov

Abstract: The efficiency of some modern random packing is investigated in ethanol —
water rectification depending on the reflux ratio. It was found that decreasing the reflux ra-
Io the efficiency increase to a certain value and then begin to decline. The value of the
eflux ratio at which the packings are most effective is determined. It is also shown packing
eficiency at a concrete reflux ratio R = 3.5, where most often the process is accomplished

br ethanol production. A comparison between the different packings is made in these con-
dtions.
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METHODS OF APPROACH FOR REDUCING THE
MALDISTRIBUTION IN PACKED COLUMNS BY DIVIDING
THE PACKING INTO SECTIONS

R.D. Darakchiev, Kr.A. Semkov, S.R. Darakchiev, T.S. Petrova
s_darakchievi@abv.bg

Institute of Chemical Engineering, Bulgarian Academy of Sciences

Key words: packed columns, liquid maldistribution, gas flow maldistribution,
maldistribution factor, wall flow effect, uniformity limit, redistribution devices

Abstract

The uniform gas and liquid distribution on the packed column cross-section is
pivotal for their effective work. Both liquid and gas has tendency to form wall flow at
their counter current motion, therefore a distortion of the liquid-gas ratio both on the
cross-section and in the height of the apparatus appears. To solve this problem, most
often the packing layer (needed for process implementation) is divided into sections. In
this work methods for determination of these segments’ heights are presented and the
flow distribution along this height is demonstrated.
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MATHEMATICAL MODELLING OF INTERNAL HEAT
RECOVERY IN FLASH TANK HEAT EXCHANGER CASCADES

Problem considered at the 75t

EUROPEAN STUDY GROUP WITH INDUSTRY

281" June — 3" July 2010
Mathematics Applications Consortium for Science and Industry
(MACSI), University of Limerick, Ireland

March 18, 2011

Abstract

Flash tank evaporation combined with a condensing heat exchanger can be used when
heat exchange is required between two streams and where at least one of these streams is
difficult to handle (tends severely to scale, foul, causing blockages). To increase the efficiency
of heat exchange, a cascade of these units in series can be used. Heat transfer relationships
in such a cascade are very complex due to their interconnectivity, thus the impact of any
changes proposed is difficult 1o predict. Morcover, the distribution of loads and driving
forees in different stages and the number of designed stages faces tradeoffs which require
fundamental understanding and balances. Addressing these problems this paper offers a
mathematical model of a single unit Hash tank evaporator combined with a condensing heat
exchanger unit. This model is then developed for a chain of units. The purpose of this model
is to allow an accurate study of the factors influencing efficiency of the system (maximum
heat. recovery) and evaluation of the impact of any alteration of the system, thus allowing
for guided design or new or redesign of existing system. The proposed model is validated
on digester area of RUSAL Aughinish Alumina factory in Ireland.
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Water cooling and water heating is an important source of encrgy consumption,
accounting for more than 20% of all energy consumption in manufacturing industry. It
is clear that the development of heat recycling schemes and better structural design can
allow reaching significant savings. It is also known from power generation and from the
bulk chemicals production that the cooling water systems are generally designed with a
set of heat exchangers arranged in parallel. This arrangement results in higher cooling
water flowrate and low cooling water return temperature thus reducing cooling towers
ctficiency. This indicates the importance of the system structure, the possibility of
mixing of heating or cooling water; recycling and reuse of heating and cooling
resources and finally the importance of distribution of the driving forces to heat transfer.
This paper reports a technique for grassroot design of centralised cooling and heating
water system  for water and wastewater minimization which incorporates the
performances of the coolingtheating providers invelved. The study focuses on
cooling’heating systems consisting of multiple chillers and/or boilers that supply a
common set of heat exchangers. The paper takes a conceptual approach to the stated
problems. but traces the way for exact solution using the superstructure based
mathematical approach (formulating the problem). It explores cooling/heating waler
reuse opportunity and predicts thermal performance of thermal systems involved.
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52. Kr. Semkov, Highly effective rectification plants for ethanol production,BAS NEWS
2005, “Prof. Marin Drinov” Academic Publishing House, 39-42 (2006).

Lpwii f, 20005 Mo 6, 2003
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Curree, A em, d-p Kevw Ceuros Assoc. Prof Krnm Semkov, PRD
Pl it flo BEBRCHESPES XHMIA | Institute of Chemical Enginecring
A o, v Awad Feopen Bowvea ™, 6. s | 1113 Softa, Acad. Georgi Bonchev S, BE T3
OWinaenin i npRADNCERIe: XIierKa 3 X Application areas: Chemical Indusiy, Food Indusr
B TR-AR VS PR N CHOCTH, @K0TOSUA v, and Ecology
Nadoparopua  Tonmo- w  maco- n the department of “Heat- and mass
MpeHoc B CHCTEMM ra3-TedHoct" transfer in gas-liquid systems™ of the
ktwm  MHUX-BAH ce nposesaar Institute of Chemical Engineenng
L)
b

ARATUTOAIIIAI M3CHCABAHNA B “ﬁ“ﬂ'-‘-l'“i; (IChEY - Bulgarian Academy o Scicnees
P RUSGHINTS anapanit ¢ weiei 3a npo- | investigations of many vears i the lield
N F T .laz: jlli'lE‘IUK(ﬁ[’]:l'j‘.llapUL‘TriH]{EFIIIE'I.Ef of packed columns 'r'm'-' the widespread
HNPUIECH ADCOPOLIHA, ACCOPOURA M PEKTH- | processes like absorption. desorption ad
(PHRALIGL, KAKTO W 32 AupekTeH TonaooG- | rectification. as well direct hous el
men. PaspaGoreny u n3cneaBanm ca HOBH | were cartied oul. New hiahly effeens e
BUCOROCPCKINBHY TLIIHEKN # BLTPELIHH packing and internal devices for colinmins
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RUITO A HAMANAT HITH DpeMaxHar Heobxo- | were worked out in order 1o reduce the
AHMOCTTA 0T NROBEKAAHE Ha CKCNCPHMEH- | experimental investigations necessary lor
TRAHI HECTCABAHHA NPH OPOSKTHPaHe Ha | the design of new industrigl obiects '
ITOOMITIHIEHTT OOCKTH.
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21.

I1. Toxyiagu, KPaTKM ChOOIIEHUS] M TOCTEPHH JOKJIAAH C pe3loMeTa

H. Kones, Kp. CemkoB, P. JlapakuueB, 3. bparanosa, T. Puzos, Pe3syaratu ot
oOcienBaHe Ha MHCTaJallMM 3a OYKMCTBAHE HA OTIHAIHU BOAMU BBB (hapmalleBTHUHATA
MPOMUIIUICHOCT OT OpPTaHWYHU pa3TBoOpuTenu, VI cumnosuym c MmerHcoyHapooOHo
yuacmue “Texuuuecku npozpec 6 KAHANU3AYUAMA U NPEHUCMBAHEmMO HA OUmMoeu u
npomuwinenu omnaouu 6oou”, Cogus 10-11 okrompu 1991, Pestomera, 25.

PE3¥ATATH OT OBCAELABAHE HA WHCTAMAUWMKA 3A OUWCTBAHE
HA& OTMAAZHKW BOAM BhE CAPMALESTHYHATA NMPOMWUAEHOCT

a7  OPFrAHHYHM PAITBOPUTE M

H. Konea, Kp. Ceswos, P, Aapaxvyuesn,
in, BpataHoma, T. Pdaos
HIXITS-kA, HTEM, HHX-BAH
Chraazsedy CA M CA NYCHATH B EHCAADATHUMA MHCTAABUMM

33 OWWMCTEAHE HA OTRagHY BD LW DT‘ﬁpﬂﬂaﬂﬂnCTﬂDTﬂ Ha EHT“HHD-
TuuH Bea f4pda "AnTuluoTuxk® - rp. Paarpag ot OyTwaauetar
W OOYTAHDA, W WHETANMAUMA 38 O4YHMCTBEaAH® HE oTnagHK oA B 3ANM =
ro. Canaascku o1 xaopodopd. ODMHUMNBET HE ASACTEME HE TEaM
MHETHAGUME Ce NCHOBADA M3 WMIAMNANABAHE HA DAATAODWMTEAMTE 8
CHOMMMME K0AOMA, HOHUBHTOWDAHE HA NADUTE W CENBNHDAHETD

WM

G'JC.-']":'!_.I'I"IEHE 7 OMHZTAAAUWMA 33 ADKAIRAME HE JIAA0OMEHMTE TEY-
HOADMHYHK TADAMETDALD TEMNEDATYIEH DEMAM, HOAWYECTEO ofpafio-
TEHH BOAW, HAYANHK W KJAAHW KOHUBHTDAUMW,. KOMUBHTRAUWATE HA
XAUROAONM @ OnaRIRARHA © FB30A xJoMaTtorpad - Curaa-=1, MNep-
W Enmen, cHafird © BARKTIOH=YNG8RT ARTALTOD M xsdf-crefc
TERAKMKI, 4 Ha OyTafaueTat @ JyTadan = C raloa xposmararpald
3500 Mepkad EAMED - NARMBAHO-AOHHIAYUOHEH IRTEALTI0.

Ha hrdara «n HAAZEDHHA FA3AAM3 & DI'I['.IE_J'IE.HE-HE ﬂ-tle‘("ﬂﬂ-

HODTTE H3 WHCTEALMATE W FIAMITTTE 4 33 QHWCTEAHR HA AN0=

AL T O T A S g 0T BN AEHA AHE DAATAEONUWTEZAN . |
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22. H. Kones, Kp. CemkoB, P. JlapakuueB, A. MupueB, NHcTananus 3a yruid3upane Ha
TOIUIMHATA HAa TUMHHTE Ta30BE MPH TOIUIO(DUKAIMOHHU KOTJIH, TIPH peaylupaHe Ha
KOHIIEHTPAIIMATA HAa a30THUTE OKWCH, U3XBBPJISHU B atmochepara, VIII Hayuonanua
HAYYHO-MeXHUYecKka KoHhepeHyuss ¢  MedcOyHapooHo yuacmue  “Tonno- u
s0penoenepeutinu npoonemu Ha bvieapus”, BapHa 1-3 1oau 1992, Pestomera, 6.

HHCTATALIHA 3A YTHIHIHPAHE HA TOIUIHHATA HA IHMHHTE TA30BE
MPH TOMNAOSHKALIHOHHH IOTl'lH, [PH PE,ﬂ.YlIHPA HA KOHIEHTPALHATA HA A30THHTE
OKHCH H3XBLP/LEHH B OC®EPATA

Al apygor,

Jlobpe xisectBo e, %¢ © LEMEETE TRIOBE € NIIRRPIA B RTMDCPCPATE CARD IMANETCIER WACT
OT TOOENBATE EA E3IrapsEe KR ropEacto. Tazm wact ¢ ocofeko rozswa RPN EICApIECTO HR EPEpOACLE
ra3, ESACTO Ha BCCXE K} TOPERO B ANMENTC 23032 €¢ EMIBMPEAT W0 mig Z xg soxma mapa. Ov casox
CTPRRI DpeABRpETEANOTO OLEAXAaRe Ei radn Nogofpasa afcoplmmsve Ea cepimn ANYOKNC, B CEjuRETE,
KOFaTO [OPRBOTO CMAMPXA CEpE, & Tmjosere mogxtxat ma owacrsaxe. B mpeaxaramara pabore e
priraepel eing BoB Merop 32 ofpaloTEs ms LEMEETE r2)0NE B ARJCTEECNCN KONTRETEN txomoMaiep,
PR EORTO JTNANIEPRSATE B3 BACOKOTEMOCPATIPEATE CTeQCd TODNNEA €2 NINOKIJRE 32 NRTDINAREIO KA
Tooso@RiagEoesa  BoAd. Topizsara yapaeRl B NRCKOTEMOEpATIpEETE Cicach te xgomym M
SATpRBARC K3 BRIAJIL, GOCTREMAN 3 Kofcan. Harpamagero we psduyia €Tese EPE ANpEKTER KONTIET B
K0X0BL C OMAEEX, DpN CANOBPCMCEEOTO M) opaaxiamame, Hirepaaero ma ropreoto ¢ paazes BuMAfX
HORNEABE TCMOCPATYPATA E3 NIAWRE2, EPE K0CTO KONACNTDANNITA HE ZIOTEETE OKECH Cf DONNXNRA €
33%. Mosmmabaaero 52 RXRrOCIALPXASMETO X3 ANMRETE TRIOEE OT CBOR CTpasd BOAR A0 ROBNNIBEAE
E1 TCMOCPATYPATA BA MOKPEY TCPMOMETMD, @ CREAOBRTCNEO K A0 DORNRABIGC N TEMBEDPRTYPROTO KRBO
B3 JTRANJNPAERTE TOOREAL

B paforara c2 pairRexasa Aze TCIEONOTNSECKN CICME 31 HPOBCXA2BETO B2 OpORECE N Ca
ARLCEN TeIBENEOQ- NNOHOMEGCCENTE PC!]'ITI'II LI DpCCETEDANATA DO BOBATE TEIBOXOIEN NBCTLAMNONE.
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23. R. Darakchiev, N. Kolev, Kr. Semkov, Instalation for recovery of chloroform waste
waters flow, 11" International Congress of Chemical Engineering, Chemical
Equipment Design and Automation (CHISA), Prague 29 August — 3 September 1993
Abstracts E, 141. ’

INSTALLATION FOR RECOVERY OF CHLOROFORM
FROM WASTE WATERS FLOWS

E o Mprakehier. AL kolevo hpoo Semkon

Pt i twbe o Chiemidcnl Lnpanee ridg.

Bulgarian Academy of Seijencet, Solia, DBulpgsron

The chlorinated hvdrocnrbons ani especial by the chlorofoerm
pre some of the most danperous pardl Jubors ol Uhe enviromegls . L
the othey side chloroform s nn evrellent selective extractinnd
in the extraction of valuable products arsl above all an LR
{ield of medicine chemistry. Itz high denzity which aflows fre
ensy separalion [rom the waler phase ani ils comparoplively los
evaporalion heool mokes it POwE ] ndvantageous, The prent
harmfulness of chloreferm for  the gnvironment and its  haph
technical-economic indicators A% crlrancrant m ke Lhe
development of hiphly elfective installations for puriflication
for this purpose an especially sctual tashk.

The stripping process 5 0 universal method for puarifvineg
of waAsLle wolers from vo lot b le urpanic solvents dur ing
regeneralion of the solvent. In the present work the experience
of the authers in the development of highly elfective siripping
installation for the purification ol waste waters of Lhe
pharmaceutical industiry from ehiloraform and some basic resulbs
from its investigaticon are given,

The techonlopicnl soheme of n siripping instaljation
allowed net onlvy the purification af the walep from cenlocolorm

[FIVR al=we [pom Tree wmmb connecbed ammrpn i nt [NITH T | W,
wiblleed dn the form of 252 amaonis waler. The aty bpplong volumn
was [11led with o pocking s b ek T neranged im0 Certnin
Wiy horizontal 1Y displiace:d shoeets nl cxpamiled metal, (IR

thr

distance bLetwecn the neiphbouring shecls was 15 qmim,  mmpcl
)

general height ol the pocking 0400 mm The specific surface o
the packing wns 4% midm’. At Tirst sipht s packing wilth =0 |ow
specilic surface is uneffeclive. It i chnracteristig
peculisrity of the pucking Holpaek is thal booausc of the liiph
surface of the droplets and streamliets flowine down hetween Lhe
packineg’s element:. ite efflective surface is up o threo Times
preater than ihe specific, Another ciTCumstAance which makes [he
chojce of the packing Tof this case very approprioste i et
the waste ipdustiry walers subiect tn perification contained
certanin smounis of selid phase and the packineg Helpack is one
of Ihe mosi unsensitive inm reletion Lo clogping prekings. fus
investigaticen showed  that it eRsUres decroehse 13| 1 Ly
concentration af chloraform in the wasle walers up o 150
times thus potbting J1& final concentrntion near thal i the
drinking water. [l 15 seen from the economit eatimat ion ol |he
installation’'s work Lhat H prolit i gained | ron 1 e
purification of ihe wasle waler: from chivroforn in the

proposed instnllalion.
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24. N. Kolev, Kr. Semkov, R. Darakchiev, Plants for removal of butyl acetate and butanol
from waste waters in antibiotic production, 11™ International Congress of Chemical
Engineering, Chemical Equipment Design and Automation (CHISA), Prague 29 August
— 3 September 1993, Abstracts E, 140.

PLARTS FOR REH{ML OF DUTYL ACETATE AND DUTANOL FROM THE
WASTE WATERY 1IN ANTIBIOTIC PRODUCTION

Koo ohwdler . R, Darakischiev., k. Semsor

Inatitute of Chemical Fnpinecring.
Buleparinn aAcadenmy of Scinces, Sofian, Dulgarin

Anlibiotics are exlracted Trom their relevanl culture media by
means wi buty] acetate and butanol. The subsequent recovery of
Vhese  fsolvenis  from the wasie waters ellluent  [rom  the
sulraction unit in obligatory both eccojugicnlly and
vovaosncal v, Howeoor. both solvenis [form azeatropic miXtufes
vhych translerm jowe two phases upon cooling. The eguilibrium
curves  inp bolh cases  show that the waste walers could be
purified ecconomically wrofitable Ly wsing o siripping process.
The  problems  of  stripping apelication §s  that. al  high
lemperature. some preEanics: present in the waste water., setfile
anu cawse oclozpine of the eguipment. In the present work. the
authors’ cipedicnce tn designing industrial plants {or waste
water treatmwent s described. Both plants were designed 1o
trent 30 w7 waste water per hour each. In both cases. small
industriel  plants  existed belore the reconstruction. The
avthors’ sccumuloted industrial experience showod thas heating
woaste waters 1n the heoal exchanger at temperature over S0 led
La {ast deposition of solid phose. On the other hond. to the
exiperience of  the suwlhors, the only eguipment which could
resisl o clegging, was the holloew spraov columns with liguid jet

gistriiutogs. Maturaliy. these columns. eapecially the
classica. oneg. showed Jlow elfegitiveness, which together wilh
Lhe Iew heat recupedniion rate, delermined their high stceam

cansumnt pon nnd jow r,:i'rin;;inn.c_v FTor wpssie wpleg vuriflicetion,
The brgh weapomical and ccological elfect expected by designing
the  new  plonts was mnde Lo compepsate for the lncowmpliete
infornation o the scale cflect by designing new ipdusirial
priants ai the lack of previous pilol plant studies. The plants
compsidered were desipned on the basis of the following:
[ITi The wnin |~.|.11-:rjaE whiech =ettles when the solulion subject
Lo regeneration bs being heatod. are the proteins contained o
the waste walers which ecoapulrte upon beating.
{27 The dermoval of the orpoanic solvent may by accompanied by
removisl ol selid substances as well.

ThHe e pssu@plions leg Lo Lhe
s iUt inns:
b, Filuid wvelocity., in the heat exchangzer area ol wnter tompe-
ratere cxcerding 50 C. has to be sipgnilicami. d.e. 2.5 mis.
D00t ds owel! koown thept the moin part of the solvent in
the sirapping columns 15 recovered within o relatively rather
sl portion al tis hecight. That's why the stripping column
wiin built of two ports. the firsl hollow spraved by a nozzle
and n special redistributor of the ligquid phase and the second
with @ snpecial. bhardly clopeed packing.

tois noieworthy that durine o [our venr operation of the

plant far removnd ol buryl acelate and hall-vesr operation of
tne plant for remcva; of butono!. no accomalstion ol solid
phase in the units wns observed,

following techoical
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25. N. Kolev, R. Darakchiev, Kr. Semkov, New generation contact economizers systems
for flue gas heat utilization, 11™ International Congress of Chemical Engineering,
Chemical Equipment Design and Automation (CHISA), Prague 29 August — 3
September 1993, Abstracts G, 41.

HEW GERERATION CONTAINING CONTACT ECONOMIZEHRS FOH
FLUE GAS HEAT UTILIZATION

Frol. HIKOLA] KOLEV, D5c, Assoc. Prof. RUMEN DARARCHIEY. DSc.
acssoc. Prol. KEUM SEMEOV, PhD

Inatitute of Chemical Epgineering, Hulgnrien Academy ol
Sciences, Acad. G. Bonchev, BIl. 103, Sofis 1113, Hulgarin

A reference ix made to the Tact that o signiflicant part of

the heat generated by combustion, is lost in the atmosphere
with exhausted flue gases. Contect economizer sysiems are
considered which help to wtilize this heat by heating up Lhe
waler before enterimg the boiler or by hestipeg up urban heat
supply water of the central heat supply network, as recveled
beck to the hesting plant. Attention is drawn to some festures
of the new contact economizers which sllow pressure drop values
&5 low  as 10-20 mm water head al high pas superficial
velocities, {.e. up to 3 mfs. MNew process f{low charts with
contact economizers which helping to uwtilize heat at highes
temperature levels by simultanecus reduction of nitric oxides
emissions down to 33 %, are given.

The plant illustrated in {igure operates as follows: The
‘lue gases coming from boiler 1, enter the lower section of the
contact ecopnomizer where they are coold whih water coming [rom
heegt exchanger 3. The latter is coocled down by centrai heat

Kt

\’\/1

supply water entering through line 4 and leaving through [ine
5., Circulation is carried out by the pump &. The parcially
cootled flue gases are scrubbed additionally in the contact
BConomizer upper section by means of recycle water introdueced
by pump 7. The water heated 1n the economizer upper section
goes into the distributor of column &, where air is introduced
throeugh line 10, by a blower. The heated and humidified air
enters the boiler along line 9, for fuel combustien.

The method developed for designing such systems is described.
and date obtained in experiments with iIndustriasl systems
devejoped by the authors, are presented.

Acknoledgment
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26.

Kr. Semkov, N. Kolev, Unified modeling of absorption, distillation and direct heat
transfer processes in packed bed columns, 117 International Congress of Chemical

Engineering, Chemical Equipment Design and Automation (CHISA), Prague 29 August
— 3 September 1993, Abstracts E, 169.

Unified Modelling of Absorption, Distillation and
Direct Heat-Transfer Processes in Packed-bed Columns

Krum Semkov, Nikolai Eolev

institute of Chemical Engineering.

Bulgarian Academv of Sciences

An unified approach has been proposed for packed column's design
for pas (vapour)-liqued s¥31cms Au on mein principle 15 adaopted
that accompanvimg the basic mass transfler Process, cetrtain
superposing effects {"eide” phepomena” ! develop . originating from
various SOUTECES . The me st impoTtant "mide” effecrs Ree
hvdrodynamical nonuniformities (liguid's Jaregc and smali sooie
maldistribution) which causes axial and radial mixang and ho
Marangoni instabilites. That pffects mav presenl in absorptaon as
well as in distillation. varvine in sivrcopeth depending on The
given contiticons. Fon the evalnation of the main mans transier nndd
“eide” precesses unified models  and o equalaions for  model’s
parameters have been presented. Based on & similar approach the
direct hest transfer can be analysed wsing the Aanalogy betweer
heat and mass transfer im the gas boundary layer. Evidence for the
adeguacy of the method has been presented. The method has already
been wsed in designing industrial absorbers, distilbiation roloags

gnd conlact economizers.
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29. N. Kolev, R. Darakchiev, Kr. Semkov, D. Kolev, Second generation of systems with
contact economizers for utilizing the heat of flue gases with a significant reduction of
nitrogen oxides concentration, 7" International Summer School of Chemical
Engineering, Varna 19-25 September 1995, Proceedings, 263.

BR
SECOND GENERATION OF SYSTEMS WITH CONTACT ECONOMEERS FOR
UTILIZING THE HEAT OF FLUE GASES WITHA SIGNIFICANT REDUCTION OF
NITROGEN OXIDES CONCENTRATION

N.Kolev, R.Darakchiev, Kr.Semkov, D.Kolev
Institute of Chemical Engineering, Bulgarian Academy of Sclences, Sofia, Bulgaria

The contact economizers are heat and mass transfer apparatuses, usually packed
columns, in which the waste flue gases are scrubbed with circular water. The heated water is
coocled in a plate heat exchanger, heating pure water. The comparison of differert kinds of
Wilzation systems shows, that the best of them from an economical point of view are the
contact economizer systems. Thelir pay-back term is only a few months.

The known contact economizer systems have a substantial disadvantage. The
maximal temperature of the heated pure water in them is comparatively low, about 55 °C.
This temperature is determined from the temperature of the wet thermometer of the flue
gases, which is about 60 °C.The water flows near the boilers, which can be heated to a
temperature up to 55 °C are quite limited. In the same time such a great consumer as the
water in the district heating systems, because of is high intial temperature, about 55 °C,
cannot be used. A new technical device is presented, which gives a possibllity for using the
heat, wtilzed in contact economizers, in district heating systems. The principle of the new
systems, called second generation systems, is preliminary heating and humidifying of the air
used for the combustion of the fual, using water heat in contact economizers. Two
technological schemes with contact economizers are presented and their advantages and
disadvarntages are discussed. Experimental results from the operation of a steam boller with
preliminary humidified air are given. The results show that the using of second generation
contact economizer systems can reduce NO, concentration in the flue gases up to 3,8 times.
The amount of the wtilzed heat is 10 to 13% of the heat produced in the boiler itseff. & is
noted, that the first industrial system of that type is under construction.

263
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30. Kr. Semkov, N. Kolev, R. Popov, Influence of axial mixing in liquid phase in packed
columns with honey-comb structured packing, 7" International Summer School of
Chemical Engineering, Varna 19-25 September 1995, Proceedings, 254.

AlS
INFLUENCE OF AXIAL MIXING IN LIQUID PHASE IN PACKED COLLUDMNS
WITH HONEY-COMB STRUCTURED PACKING.

Kr.Semkov, N. Kolev, R Popov

Institute of Chemical Engineering, Bulgarian Academy of Sciences, Sofia 1113

Experiments are performed in order to study the axial mixing in the liquid phase in a

column with a new type highly effective structured honey-comb polypropylene packing.

An impulse method with electrolytic tracer is used. The results are obtained "on-line”
using a personal computer in combination with a measuring system based on an

analogue-digital converter. The disturbance caused by the measuring cell is accounted.

Dependencies for the PECLET number (Pe) as a function of the RE¥YNOLDS number {Re
p

in a large scale of the liquid flow density are obtained.

It 1s find out that with the rise of the REYNOLDS number three different hydrodynamic
regimes take place in the column - an increase, a decrease and agam an increase of the
PECLET number. Critical values of the REYNOLDS number for the different regimes are

determined,

Assuming the dispersion model and using an appropriate iterative procedure the hgud
ﬁoLlr:diir'}f layer mass-transfer coefficients with excluded axial muxing are obtained. An i
analytical expression for these coeflicients is derived.

It's found out that the influence of the axial mixing in the honey-comb polypropylene |

packing reduces the efficiency of the packing with up to 40% and that the same influence

is a mmimal by Reynolds number = 108
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30a. Kp. CemkoB, H. Kones, P. IlomoB, HannbxHO cmecBane B TeuHara ¢asza MpH
TUTACTMACOBH CTPYKTYPUpPAaHU ITBJIHEXKH THII T4YEIHA THUTa, Ipema HAYUOHATHA
KoHepenyus no xumus, Ilnosaus 14-16 anpun 1998, Pesromera, 270.

e

70. (VI/13]

HALTHXHO CMECBAHE B TEYHATA (DA3A 11PH
TINACTMACOBM CTPYKTYPUPAHU ITHITHIEKUW T
MYEITHA TIMTA

Kpym Cemor, Hukonaii Kones, Posan [Nonos

MHETHTYT 10 MMEHEPHA XHMHH, BRarpoka akaleMus 1a HayKHTe
Codus 1113, ya Akau. I Bouves 6a. 103

IMposefteHy & EKCHCPHMEHTANHKY  MICNEARANNA 34 ONPEIC/INE i3
HAILTBELOTD CMECBAHE B TeUHaTa $a3a 1Py AHCOKOCHEKTHRHY CTPYRTYPHDAHH
MbAHEXS THI "TNeaHa ra”, HIrOTBEHE OT NOIHNPOIHAEH W HOAHCTHPOL. 30
HENTA € MIUOATBAH METON € CIEKTPOIMTER TPEHCep W enMMuMeH S-AMIynC,
Peaynrarire ca noaydemst "on line” Upw  HINOAIBANETO  HD  IEPLOHANCH
KOMIIITLD M aBAnoroBo-wwdpos upeobpaiysaren. Toea NOIROAABA (THIHOTO
ABTOMATHINPAHE HA3 EXCTIEPHMEHTR, BKIIOUHTCIHO W ODPabOTRATA Wil KPHRMTE
HA OTKNMK 00 BOAyuapaeTo Ha uucaoto ua Bodenstein, Cumymasamoro
BAMNHHE H2 WIMEDHTE THATA KACTKA € OTHETCHO IO Pa3pabOTEH HO-Pato METO,
3a wenra ca UPOBELEHH HPEIBAPHTEIHH EKCHEPHMMCHTH 8 KITOHa fea hiHex 8
WHPOK NHANBIOH H8 HIMCHECHHE HA ILTRTOCTTA Hi OPOCIRAHE.

MNMoayueHHTE PE3YATATH M UPH ABATE HICAENBAHH IMLAHEAKD JIOKa3IBAT
HATHYMETO HA TPH PALTHUHK XIGIPOUHHaMHUNK pexunma. [Ipn HapacTrane na
kpurepHs Ha Reynolds wacnoto wa Bodenstein oTsauano pacte, chein Tosa
HAMATABA, @ OPH OWWeE No-Bucodn CTOHHOCTH Ha Reynolds oTHoBO pacTe. Tosa
OEBHIHO € CHBPIAHO C OCODEHNCTHTE HA GRIMOBOTO TENEHHE 110 CTCHHTE Ha
THAKEKA IPW PAIIMMHE FUTHTHOCTH Ha opocakake Onpenencun ca KpUuThHuHIme
CTORHOCTH Ha xpwrepns Ha Reynolds, npu KoWTO CTaBa npeXOAhT Meady
PALTHHHETE PCMHMM.

lMonyueusre PEIYATATH CA WINONIBAHHM 24 ONPCUEINE BIHAKMETO HA
HALTREHOTD CMCCBAHE B TeuHaTa $ala pLPNY ePEKTHBHOCTTA Ha IMLIHEKHTE.
Uped pEWABIHETO Ha  CONONAPAMETPHUHMR  AHCIIEPCHOHEH  MOJAEn 1O
ODIGARLLE HTEDATHBHY NPOUELYDE Cit GOPABOTEHN TIOAYMEHM HO-PAHD NAHHH 33
HHTErPANKKA KOCPHUKEHT HA MACONPENABAHE B TEUHOCTHHA IPAHKNCH choit, B
PEIYNTAT HA TOBA C2 NONYYEHH CTOHHUCTHTE HA NOKATHHTE KOChHLHCHTH Hi
MACONPENABaAte, BhPXy KOMTO HALTBKHOTO CMECBAHE HE OKadBa BAMRHHC.
TMoxasaso €, He HULTLAHOTO CMECBANE MOXKE JIA HAMANH ePCKTHBHOCTTY Hi
mhanexure 1o 40 %, KATO MUHUMATHHAT edekT € npu crofHocTi Ha Reynolds
nxono 108,
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31. Kr. Semkov, N. Kolev, Effect of additional diffusion resistance by rectification of
systems with positive surface tension gradients, 7" International Summer School of
Chemical Engineering, Varna 19-25 September 1995, Proceedings, 284.

B29
EFFECT OF ADDITIONAL DIFFUSION RESISTANCE BY RECTIFICATION OF

SYSTEMS WITH POSITIVE SURFACE TENSION GRADIENTS

Frum Semkov, Nikolai Koley

Institute of Chemical Engineering, Bulgarian Academy of Nciences

1113 Sofia, Acad. (. Bonchev Str. Bl 103

Experimental investigations on vacuum distillation of system clorobenzene-
ethyilbenzene in a column with novel highly effective "honey-comb” packing of polypropylens
(HC-PP) were carried out A wide range of experimental conditions was studied, including
infinite reflux (G/L =1) and wvarable reflux (G/L <liby G = const. and L = const,
respectively The effectiveness of the HC-PP packing at the given condition was essentially
lawer than in absorption. By appropriate representation of the data obtained at constant liquid
load and variable vapour rates was shown unambiguosly that an additional diffusion resistance

* (EADR) on the interface appeares. It was supposed that the EADR is associated to the
influence of the positive surface gradient which stabilizes the interface and smoothes down the
hydrodynamic fluctuations. These conditions make possible an diffusion layer in the ligquet
phase, just to the interface, to be created, where the mass transfer is very slow due to the
.m-:rlecuiar diffusion. In the cases investigated this effect is very strong and reduces the mass
transfer coefficient in the liquid boundary layer up to 40 times. An analysis of the influence of
EADR upon the overall mass transfer cocflicient was made. It 1s shown that in the cases
investigated this influence is from 1,1 to 3,5 times depending on the mass transfer resistance
ratio. So can be explained that in number of cases where the mass transfer is almost wholly
controlled by the vapour phase, due to the equilibriom and/or the charactenstics of pachings,

the overall effect of EADR can be very small and could be pass unnoticed
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31a. Kr. Semkov, N. Kolev, Effect of additional diffusion resistance by rectification of
systems with positive surface tension gradients, 12 Interna.tional Congress of
Chemical Engineering, Chemical Equipment Design and Automation (CHISA), Prague
25-30 August 1996, Summaries 3, 161.

Effect of additional diffusion resistance by rectification of systems
with positive surface tension gradients

Kr. Semkov, N. Koley
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. G
Bonehev Slr. 81 103, 1113 Sofia, , Bulgana: Tel #3557 713 32 81, Fax; +355 2 757

523, E-mail: ichemeng@bgearn bitnet

Experimental investigations on vacuum distillation of system clorocbenrens-
ethylbenzene in a column with novel highly effective ‘honeycomb® packing of
polypropylena [HC-PP) are caried out. A wide range of experimental condition is
studied, including infinite reflux (G/L=1) and vanable reflux {G/L=1) by G=const and
L=const, respectively. It is shown that the effectivenass af the HC-PP packing at the
given conditions s essentially lower than in absorption.

By appropriate representation of the data obtained at a constant liguid load .
and variable vapour rates is shown unambiguosly that an additional diffusion
resistance (EADR) on the interface appeares, It is supposed that the EADR is
3ss0ciated to the influence of the positive surface tension gradient which stabilizes
the interfaca and smoothes down the hydrodynamic fluctuations. These conditions
make possible an diffusion layer in the liquid phase, just to the interface, o be
Greated, where the mass transfer is very slow due to the molecular diffusion. In the
tases Investigated this effect is very strong and reduces tha mass transfer
coefficient in the liguid boundary layer up to 40 times. An analysis of the influence of
EADR upon the overall mass transfer coefficient is made. It is sown that the cases
investigated this influence is from 1.1 to 3,5 times depending on the mass transfer
resistance ratio. So can be explained that in number of cases whera the mass
transfer is almost whally controlied by the vapour phase, due to the equiibrium
andfor the characteristics of packings, lhr overall effect of EADR can be very small
an could be pass unnoticed.
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19-25 September 1995, Proceedings, 285.

T30
LIQUID BOUNDARY LAYEHR MASS TRANSFLER COEFFICIENTS IN

STRUCTURED PACKINGS WITH VERTICAL WALLS

Krum Semkov

fnstitnte of Chemical Engineering, Bulgarian Academy of Sciences

1113 Sofia, Acad . Bonchev Str. Bl 103

It is supposed that the local liquid boundary layver mass transfer coefficients in
structured packings with vertical walls could be determinate using the theoretical dependences
for film flow In order 1o prove the given assumtion, experimental investigations of the liquid
boundary layer coatrolled mass transfer in a column with 2 novel highly effective structured
“honey-comb™ packing (HC-PP) of polypropylene were carried out. From the results obtained,
the lncal mass transfer coefficiens were calculated, using the one-parameter dispersion model
and an appropriate iterrative procedure. The Bodenstein number, which characterises the axial
mixing in this model, was determined from equations, derived by another experiments with
electrolite tracer. The so-found local liquid boundary layer mass transfer coefficients were
used for deducing of three criterial equations for different range of Reynolds number. The
discrepancy between the equation for the middle range (when the packing is filly wetted and
there are not undulations on the film surface) and the theoretical equation is only 3,4%. At
Re, =108 undulations on the surface appear and the mass transfer coefficiens are higher than

the theoretical and at Re, <642 - is smaller due to the not full wetting of the packing.

[
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32a.Kr. Semkov, Liquid boundary layer mass transfer coefficients in structured packings
with vertical walls, 12" International Congress of Chemical Engineering, Chemical
Equipment Design and Automation (CHISA), Prague 25-30 August 1996, Summaries 3,
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Local liquid boundary layer mass transfer coefficients and effective
surface area of structured packings with vertical walls

Kr. Semkov

Institute of Chemical Engineering, Bulgaran Academy of Sciences Acad G
Bonchev Sir. BI 103, 1113 Sofig, , Bulgaria: Tel +358 2 713 32 81, Fax +353 2 707
523, E-mail: ichemeng@bgeam bitnet

it is supposed that the local liguid boundary layer mass transfer coefficients in
structured packings with vertical walls could be determinate using the theoretical
dependences for fim flow. In order to prove the given assumtion, expermental
investigations of the liguid boundary layer controlled mass transfar in a column with
a navel highly effective structured ‘honey-comb” packing (HC-PP) of polypropylena
were camed out, From the results obtained, the local mass transfer coefficiens were
calculated, using the one-parameter dispersion model and an appropnate iterrative
procedure. The Bodenstain number, which characterises the axial mixing in this
modal, was determined from equations. derived by another expenments wth
electrolite tracer. The so-found local liquid boundary layer mass {ransfer coefficients
were used for deducing of three critenial equations for different range of Reynolds
number. The discrepancy between the equation for the middle range {when the
packing is fully wetted and there are not undulations an the film surface) and the
thecretical equation is only 3,4%. At Re, =108 undulations on the surface appear
and the mass fransfer coefficiens are migher than the thecretical and at Re, <5472 -
's smailer due to the nat full wetting of the packing. From the discrepancy bemween

the latter range and the theoretical values the effective surface area of the packing
can be detarmined.
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33. P. MlapakuueB, H. Kones, Kp. CemkoB, CucreMu ¢ KOHTAaKTHH E€KOHOMaM3epH 3a
OITOJI30TBOPSIBAHE Ha TOIUTMHATA Ha OTIAIHU ra30Be, Bmopa nayuonaina Kongepenyus
no xumus, Ilnosnus 12-14 anpun 1995, Pestomera, VII/1 339.

139 viin
CHCTEMMH C KOHTAKTHHW EKOHOMAW3EPH 3A
ONON30TBOPABAHE HA TONAKMHATA HA OTNALHW FA30BE

Pymen Dapakupes, Hukonan Konee, Kpym Camkcs
MHCTHTYT NO MDKEHEPHE XMMUA Npx BAH
yn, “Axkan. M.Boxves” 50,103, Codunr 1113

HMasecTHo 8, 48 o7 13 o 1B% OT TONRMHATE OTHGNAHA NpW MIAFapAHETO Ha
FOPHBOTO B NAPHW W BOROIPEAHW KOTNK Ce WAXBLPNA C NUMHMTE raisoee 8
armMocdepara, OT BCHUKH THIMDBE CHOPLXEBHIS, 33 ONON30TBOPA BaHe Ha TasK
TOMWHA, HAR-NOXONALLKW OT MKOHOMWHECKA TMEQHA TOYKA, €A CHCTeMWTe ©
KOHTAKTHH eKonOoMadaepw, ENHE TEKaB3 CHCTEME, NP BBQWAEWT [MHPBO
NOKONEHKWE, CB ChCTOM OT KONOHA C MLAHEN, 8 KOATO QWMHMTE Fasosa ce
NPOMMBAT € UMDPKYNEAUWOHHA BORAa W TonnoobOmened 6NOK, © BWCOK
KOBHMUMEHT HA TONNONPeMHHABAHE, B KOKTO HArPETHAT BORGH NOTOX oTRasa
TOMNWHATE CH HE 4MCTa ROMS. Had-ChUECTBEHOTO NPEAMMCTBO Ha Tedw
CHCTEMM 8, He HAMPABAHETD ¢ FR30B4Ta ¢a3a, XapaKTepPHINPALL0 C8 C HWCEK
KoehHUHEHT Ha TONNoNpeMuHaBade, c8 WIBLpLIBa BbQXy 'aa:uanmawara
NOBLEXHOCT WA [MbNHEXE HA KONOHHWA anapar, KORTO @ MHOTO @BTHHA.
[loKnageT pasrnexna HAKOK KOMCTPYKTHEHK 0COBEHOCTH Ha ChananeHuTe or
BBTOPMTE CWCTEMH C KOHTGKTHW BXKOHOMaW3epW, KakTo W TAXHOTO
opasMepREane, Ha Ba3ars HA pelUaBaHeTo Ha CHCTEMETa 0T HenWHeWHH
fanaxcoen AngepaHUManiK Y PABHEHUR Ha Tonno v macoofMena b anapara,
[JafeHn ca TEXHONOTHYHWTE CXEMH HA CHCTEMUTE KOHT3KTHH @KOoHOM2A3BDH
BTOpO NOKoNeHue W e oTOenA3aH0, Ye TAXHOTO MINDNJYsaHe No3BoMAea ga |
ca NOHWKK ¢ 10 3,8 MbTH KOHUSHTPALMATA HA A30THMTE OKMCH B [IMMHWTE
rasoBe. [pyro CLILUECTBEHO NPEOWMCTB0  HEZ  TE3W  CHCTEMW @
0BCTORTBNCTBOTO, 48 YTHIM3IWPAHATA NP TAX TOMNWHE 6 HE NO-BHCOKD
TeMNepaTy DHO HWBO, KOEeTo NOIBONABA Wanonayaadeio W 33 HarpRBade Ha
TonnehUKaUMoHHE BOAE, NpW TpaAckoTe TonnacHabnaeave. Othenssavwo e,
Mg ocera 8 npoMALITesHocTTa oaﬁmm 4 CHCTEMM C KOHTAKTHH
BKOHOMERIODH MepPBG NOKONeHMEe. Warpasna ce NMLpeaTa cUCTeMa OT BTOpD

MOKONEHHE
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Kp. CemkxoB, H. Kones, P. [lapakumeB, EamHeH mNoOAXoI 3a HW3YMCISIBAaHE Ha
BHCOYMHATA HA KOJIOHU C IBJIHEXK 32 MPOBEKIaHE HA aOCOPOIMOHHU U AeCOPOIIMOHHH
MPOIIeCH, PeKTUUKAIUS U JUPEKTEH TOIUIOOOMEH, Bmopa nHayuonanna xoughepenyus
no xumus, Ilnosnus 12-14 anpun 1995, Pestomera, VII/4 342.

VII/4

ANHEH NOOXOM 3A M3YMCNABAHE HA BUCOYMHATA HA
KONOHM C MbIHEX 3A MPOBEXAAHETO HA ABCOPBLIMOHHU M
AECOPELMOHHU NPOLECH, PEKTUQUKALIMA W IMPEKT EH
TONNOOEMEH

Kivm Cemior, Muxonan Kones, Pysed Japakydes
MHETHTYT N0 Mo eHepHa XUMS 1py BA K

yn. "Axan. [ Bouyer” 6a.103, Codwn 1113

DT BCHMYKM WIBECTHA ANAPETH 33 NPOBEMOAHETO HA TONNO-MACOOBMEHH
NPOUECH KOMOHKTE © MuTHEX C8 XADAKTEPHIMPAT C HAR-HUCKO X WO Paan HuHD
ERlpOTHENEHME, OTHECEHD KM BAHA NPEHOCHA efWHMUa. EQWH chlecTBeH
TEXEH HELUCTATEK, KOWTC NpeYW Ha WHPOKOTO WM pasnpocTpaHeHWe e
HEHANEMOHOTS HIMHCNABIHE HA BMCOYWHATA HA MeNHEXAE NDPH OTCLCTRWE Ha
AAMHK 33 NpoMyisendd anapatw. ETo Jawo CwIfaBadHeTo Ha endHHa
METOOMKA, C NOMOLLTE HA KOATO MOTET Q8 C8 W34YMCNABAT AnaparteTe npw
BCHMYKM H3Bpoeny nc;-rup-e NEPOUBCH, NpM M3NON3YBAHETO HE E0HW W ChilM
HeNuHednK  DanaHcoBM OAWPUPEHUMANHW YDaBHEHMR W EHW M ChbilM
RpHTEDHANHY  Y[aBHEHMA 38 onpefgenAHe Wa  EoedMUMeHTHTE Ha
MRCONPENEBAHe W HA edekTHBHATA NOBLEX HOCT H3 MENHeXa & TONKoBa
arTyanuo. B palorata ca onucaqK eTanuie no PRI B3HETD HA TA3M 3a[a4a.
Mepawat eran BEMHI4BA OCHNY A BAHETO Ha PABHOME DHOCT 2]
PAINEROENEHARTO HA NOTOWMTE NO COUMHWETO Ha Mefsexa, MNoxazawo e, ve
NP OCHIYPREBAHE  HA  pABHOMEPHO  pasnpanenevue, npofnemsT  Ha
mMawalnwa  npexol  npecTaea  fa  ChLUECTEYBA. BropwaT e1an  Ha
AICNENEAHUATE  BRMIOMBE  OTYMTEWETO 8 MaTeMaTHYMMA  MOOEn  Ha
RAdNLAHOTG cMecBade W edexTa wa Mapadronw. Moxkazawo e, ye npw
OTHHTAHETO HE TedW AENEHWA, B BOMHEH MOASN H3 TONNO-Macoo DMeHHWR
NPOUEC, NONYYEHO D ChENANEHHE MEXLY EKCNEDHUMEHTANHWATE K HIYWCNEHH
AHMK 23 BUCOYWMHATE HE MbAHEXE, NPH PA3ANHYHK THNOBE NPOLECH, 8 MHOTO
nobpo, dapeww ca ApWMMeEDA 33 NPOMAWLNEHW anapatv, OpaIMepeHd

PIOMOLITE HA (o) YYEHWH MOOen.
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36. N. Kolev, R. Darakchiev, Kr. Semkov, D. Kolev, New generation contact economizer
systems for flue gas heat utilization, 12" International Congress of Chemical
Engineering, Chemical Equipment Design and Automation (CHISA), Prague 25-30
August 1996, Summaries 5, 10.

NEW CENERATION CONTACT ECONOMIZER SYSTEMS
FOR FLUE GAS HEAT UTILIZATION

N KOLEV, R DARAKCHIEV, K. SEMKOV, D KOLEV

Institute of Chemical Engineering,
Bulgarian Acaderry of Sciences,
Acad. G, Bonchev street, Bl 103,

1113 safia, BULGARLA

Significant part of lhe heat generated by combustion is thrown cut in the
atmosphere with exhausted flue gases. The contact economizer systems are
designed to utilize the flue gases heat contenis for heating up ihe {eed waler (of
the boilers or for district heating network. A disadvantage of the existing systems
of previous generation is the fact that they can warm up the water to about 55°C.
This limit is imposed by the temperature of the flue gases wet thermometer -
usually about 60°C. Because of the limited amount of the feed water thal cowld be
heated wilhh the energy recuperated at this temperatire, the heat contents af a
greal pant of the flue gases can not be utilized.

The second generation systems of contact economizers are intended to heat
the water flows circulating in the district heating svstems. The tempermture of the
cooled flow is about 55°C. To warm up a flow with such a greal initial temperature
by using contact economizers. it is necessary to increase the temperature of the
llue gases wel thermometer. |l is oblained by a preliminary humidification of the
air fed in the boiler. The pew svstem contact economizers consists of two
consecutively mounted apparatuses. The water circulating in the first of them
heats up through a heat exchanger the water for cenirali healing use. The waler
‘heated in the second contact economizer by the flue gases, partially cooled in the
first one, heats and humidify in a packed column the air used for the combustion
of the fuel.

The mathematical model for dimensioning of the contact economizers is
presented in the paper. Also the resulls of tests of the first industrial installation
are given. It is shown Wal by bhumidifying the gas it becomes possible to reduce
significant the nitrogen oxides concentration. The quantity of the heal emergy
ulilized in the installation is between 12-15 % of the leat energy of the boiler.

|
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40. Kp. CemkoB, MnenTudukanroHeH METO 3a ONpeelissHe Ha HAaJUThKHOTO CMECBAHE B
KOJIOHH C IIBJHEX, Tpema Hayuonaina kongepenyus no xumus, Ilnopnus 14-16 anpun
1998, Pe3romerta, 268.

UIIEHTUOUKAIIMOHEH METO/1 3A ONPEAGIISIHE A
HAJNBXHOTO CMECBAHE B KOJTOHUW C IMLJIHEX

Kpym Ceskon

MJIE'TH"I_}T [BLA] IIIIJKCJEEFIHH KHMHH, EI:.-J]THPEKH AR I RIMAE Ha H';Ij-'RH re
Codpan 1113, ya, Axai, [ bBodven G, 103

PazpuboTed & MO HAEHTHPHKIUMOHEH METOW 33 OUPELETHHE  Ha
HAILTHRAHOTH CMECEAHE B JOMUTHETE KOCGHUHERTH B MACOHPEIRLHE R
TEWHOCTHHA TPEAHUMEH CHOH B KOMOHM € Mhidex. Memouawt ce Gaidpa wa
HIMCPBAHE Ha HHTErPANHHA KOoehHUMEHT Ha MacONpeIapaHe [pH  1Ipouce,
KIDHTPUJ'IH]'.IHH OT HBaTa IPamHYHHA  CIOH. IEPUHEJK,H,HT CE CECIHCPHMCHTAN K
CEPHM 1IPH NIOCTOHNHE ILTRTHOCT HA OPOCHBEHE M PUIiHUHD CKOPOCT HA T
(napuTe). Ja BCHKA CKCHCPHMCIITANRG TOUKD C& PEMARAT CHCTCMA VDARNCHHA,
CECTAREHA OT YPARHEHHETO Hd  AWCHEPCHWORHIA  MOUED, QNHTHBHOCTTI Hl
$al0BHTE CHUPOTHRIEHNA W KPHTEPHATHO YDARHEHHE a4 KoedMumMcHTa Hai
MACHIpENaRaHE B FAToBHA (1aponud) rpadddcd caoid. TTpe Toka 2 ceolioneH
lapaMeTsp ce u3bupa yucnoro wa Bodenstein v reunata dana, a permennerto ce
ﬂp'l'.‘l‘l KATO JOE4ICH mwd}mmu:rr Mk ME.L"HI!I'HJ,.'I_HHHHQ B TCUMHIHTHHH RN L L D]
cnoil, 3u BCAKA CEpPHA EKCIEPHMEHTAIHH HICIESURUHHA C©  HICHTHdHUNP:
yucaoro wa  Bodenstein wpu  kpHTCDHHE  MEHEMAJNG CRERI EBRADTHUYHG
OTKJUHEHHE HA NOAYMEHHTE CTORHOCTH H2 KOSQUMUHEHTA HA MACOIPEIABIHE,

MeTounT nara BLIMOKHOUT 38 ONPELCAHHE 1d HALTTLANOTY CMECHLH:
HPH PEANHHTE YOTOBHH Hid NPONECa W KOHKPETHHTE CBOWCTHA Ha paboruwre
CHCTEMH. 1!]“ C ODCHOBHOTIY MY ]IPE_.'.I_I‘IMC_I'HU Hpell MCTIMIHTC © CACKTHWIHTEH
rmﬁﬂf[’] Tﬂlli MAOEE Ha Eﬂ:\-ul:- HINNIBAH HbhB BCHYKEH Cay4aH, KOramo He oo
NPOABABAT CHUECTBEHH MOBBPNHOCTHE eeKTH B TewHaTa dala.

3a rTecTeBaHE HA METONE Cd NPOREUEHH HICAENRAHHH C IFRJHEX OT
NOAKIPOIATEH THH "DMenda HHTa" OpH jecopbildd Hi aMUOHHK OT  BOJIHW
pasTeopd. [lo MOEHTHPMKALHOHHHA METOM CA NONYUEHH CTORHOCTH HA YHCIOTO
wa Bodensicin B WHPOK OHAUGION HE ILTBTHOCTH 14 opocisane. Chunageineto
C peIyATATHTE, NOAYUYEHH HPH ChUlMHd ULIHEX ¢ ENeKTPOINTed TRpelcep ¢
MHOTO JO0PO, KATO 110 TAKBE HAYMH € UHOKATAHE [IPHIOKHMOCTTA Hil METOUA.
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T. Petrova, Kr. Semkov, P. Moravec, Determining the characteristic size of the packing
in the mathematical model describing spreading of liquid in the packed bed columns
with wall flow deflecting rings, 9" International Summer School of Chemical
Engineering, Sozopol 18-24 September 2001, Proceedings, 63.

DETERMINING THE CHARACTERISTIC SIZE OF
THE PACKING IN THE MATHEMATICAL MODEL,
DESCRIBING SPREADING OF THE LIQUID
IN PACKED BED COLUMNS WITH WALL
FLOW DEFLECTING RINGS

T. Petrova*, Kr. Semkov*, P. Moravec**

* Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl. 103, 1113 Sofia, Bulgaria
** Institute of Chemical Process Fundamentals, Czech Academy of Sciences, 16502,
Prague 6-Suchdol, Czech Republic

A method is proposed for determining of the characteristic size of a packings
with complex geometry which is a parameter in the mathematical model, describing
spreading of liquid in packed bed column with wall flow deflecting rings. The model
determines the theoretical density of irrigation as a function from the characteristic
size of the packing and the width of the wall flow deflecting ring, The method is
based on locating the minimum of the residual variance between theoretical and
experimental data for the density of irrigation, at different values of the
characteristic size.

The experimental data for the density of irrigation are obtained in a column
with diameter 188.6 mm, packings Pall rings and Intalox saddles, at the presence of
two wall flow deflecting rings along the height of the packing. The values for the
characteristic size of the investigated packings are obtained. The results are
presented graphically and i tables also.

63

53



42. T. Petrova, Kr. Semkov, Ch. Dodev, Identification of the parameters of the
mathematical model describing the distribution of the gas in a packed bed column with
new gas-distribution device, 9" International Summer School of Chemical Engineering,
Sozopol 18-24 September 2001, Proceedings, 62.

A9 IDENTIFICATION OF THE PARAMETERS OF THE
MATHEMATICAL MODEL DESCRIBING THE DISTRIBUTION
OF THE GAS IN A PACKED BED COLUMN WITH NEW GAS-
DISTRIBUTION DEVICE

T. Petrova, Kr. Semkov, Ch. Dodev

Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad G, Bonchev Str., BI. 103, 17]3 Sofia, Bulgaria

A mathematical model is proposed for describing the distribution of gas i a
packed bed column at different initial feeding of the gas. A simulation is performed
on the radial profile of the speed of the gas flow at a new device, which supplies the
inlet gas flow around the whole perimeter of the column under the packing. The
results are compared with experimental data, obtained in columns with “Honey-
comb” structured packing at several packing heights. The maldistribution factor of
the gas flow is also measured for this type of gas-distribution device and for
different geometry for the column and for the packing.

Through subsequent two-parameter optimisation by mimmizing the residual
variance among the experimental and theoretical data of the speed of the gas are
identified two of the parameters of the model.

The optimal height of the packing section is calculated, for which the outlet
profile should be regular.

The results from the identification and from the comparison between the
experimental and the theoretical speed profiles are given graphically.

62

54



43. T. IlerpoBa, Kp. CemkoB, MaremMaTH4HO MOJEIUpPAHE HA PA3TUYAHETO HA TEYHOCTTA B
KOJOHU C IBJIHEXK MpPU HAIWYMEe Ha OTPaKaTeJHU NPBCTEHH 3a MOAO0OpsABaHE Ha
paauamHOTO pasmpenencHue. HWneHtudukanus Ha TapameTpure, Hemevpma
HayuoHanna kougepanyus no xumus, Cocpus 27-29 cenremspu 2001, Pestomera, 211.

HMnXenepna xumun 7 I1 14

MATEMATHYHO MOJEAMPAHE HA PASTUMUAHETO HA
TEHHOCTTA B KOAOHHM C IIPAHEXK IIPM HAAMUYME HA
OTPAKATEAHHN IIPBCTEHW. MJIEHTUQHUKAIIMA HA
IMAPAMETPUTE

Tamsna Cm. HempoBa, Kpym A CenkoB

MHX BAH, va "Akag. I'. BonweB”, fa. 103, Codua 1113
(Make: (02) 707523, ea. nowa: tanchotp@netscape.net

Ilokaszano e usnoasBamemo Ha Komnaekeen ugenmudukauuonen memog 3a
onpegeasincmo na HeusBecmuu napamempu B gBa paaauvHy Mamemamugnu
Mogeaa, onucBiauw  pamuyademo Ha mevnocm B kosowa ¢ nwvanek npu
omekembBue u nasumue wa ompaskameanu npnemenu. Fpanudsomo ycaoBue npu
cmenama Ha Koaonama e gBynapamempudno u egHo U chwo 3a gBama mogesa.
ITpu nopBugm mMogea Memogbm noazBa ekenepuMenmaaku gansu 3a paBromepno
U NPUCMEHHO HavaaHo opocabade, omkvgemo gupekmHo ce onpegeas egunuam
om napamempume. 3a Hamupademo Ha Bmopus napamemtp u Ha koeduuuenma
Ha pasmuvane e npoBegena nocasgoBameana  Heaunelia  onmuMuIaLuAe  C
kpumepuil smunumasna ocmamuyHa gucnepcus Medgy Mogesa u ekenepumenma.
Memogem e gemoncmpupan 3a mpu Buga nwanek - npuwocmenu na Pall, cegaa
Intalox v Minifing. 3a nupBume gBa ca noayyenu cvombBemuume napamempu ha
2panuytomo ycaoBue u na koeduuuenma ba pasmuuade. 3a nvane’k Miniring e
nokazano Hasuvuemo na yoaobud, npu koumo mosu memog we e npuaokum.llpu
Bmopud Mogea MEMOgLM UMa 3a uea OnPegeARHEmMO Ha xapakmepHus paiMep Ha
nbaHekKa npu pasmuvane B koaowa © nwasek u ompadkameanu npwemenu no
cemeHama Ha Koaonama. Haausuemo na ompakameanu npbemedu  Hasaza
Bobeskganemo © wmogeaa wa Beponmuocmna  dynkuusa, koamo yuacmByBa B i
Havaanomo  yoaoBue  caeg  Beeku  ompakamesen  npwemen. Ta omvuma
pasnpegescHuemo Ha meuynocmma B Dausocm go cmenama wa koaonama kamo
gyrkuus  om  xapakmepuus paimep sa  neaneka Mgenmuduuupanu  ca
xapakmepHume pasmepu 3a npuemenu Ha Pall u cegaa Intalox upes onmumusauus
no MusuMyma na gucnepcusma. 3a ueama ce usnoasBam  ekenepumenmantiu
gannu, usMmepenu B koaona c© gBa ompadameaHu npnemeHa u napaMempume Ha
gparusnomo yeaobue, nosyqenu om ugenmudukavuama no nwpBus mogea. JlBama
MameMamuuHe Mogead DEsa meembBanu 3a agekBamnocm no Kpumepus wa Fisher,
Peayamamume ca gagetiu apaduuno u ¢ madauuu.
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44. H. Kones, P. Jlapakuue, Kp. CemkoB, CB. HakoB, Pe3ynraTtu ot u3cnenBanusita B
o0yacTTa Ha KOJIOHUTE C IBJIHEXK, MPOBEKIaHN B MHCTUTYTa N0 WHXKEHEPHA XUMHUS
npu BAH, FObuneiina nayuna cecus “50 eoounu Huocenepna xumus 6 bwvreapus”,
Codus 23-25 cenremBpu 2003, Pestomera, [ [Tnenapuu noxmaam, 17.

9 PEIVITATH OT U3CTEABAHMAT A B OEJIACTTA HA KOJIOHMTE C

MBJAHEXR NPOBERIAHW B HHCTHTY TA 110 HHAKEHEPHA XHMHSI 1TPH BAH

Hitsonain Konen, Pymen. [Tapakanen, Kpys. Ceskon, Cretocaan. Hakon
HHerums T o mskenepHa xumim - BLrapeka akaiesms va HAYEHTC

Yok bonen” G103, Cofias 1113, Bunrapus, e-mail: Kolev@bas.bg

PRELICCEII Gl i THm T i cadoparoprs Uloiae B sacootMeinim MPOHECH |
CHCTEME P TSt [ olaacTra i KeiniiTe © biies. OT5e/is1aiu o cleisuTe ockosiii
FICENINR T O HPORC TG WICIL AN S

PLBLAIICHN G2 HCTHRH HORN THNA BHCORKOSDETHBIN TRIHCHKH 33 KO0 anapati,
BB TEE BT M PRI KL ::|'"::r!il'J':PC_I:_‘.|:-IIl_‘.lj-l Pl TeMHAT 11).;,151[_

ULLNLICHH o 0mpamaTeii NPLerein 38 IPEsitRane 1 BPCIAHOTO @AMHNHE #
ATHUATO Hi O (s 00 CTEHATD 1A ANDPATH, KAKTD M MCTOAHKA 38 TEXHOTO
R RN M A RTH TS

FOCRImUIeH cin et B HIPCACHH ITLHICHE 50 NPEPAIPeIensie Ha Tevmata dasa nog
CROUCHTC EHOTO v CTP0iie THD.

S UUREIACHD © I METOAHES 33 ONPCACHNTIC BUCOYMHATE Ha EOUWIHTE © MbIHCH
TR ALY cveceane, credanonckus noTok # efiexta Ha Mapanrons, [okmano o
HEOTH nmosBeARBL opaiseprsaneTo Ha abcopSnoonm, AecapiUBoHHE | PERTHHKRLHOHHK
ROUIOTEL, - RARTO W ROADHK 38 JIRPEKTEH tonnonfiMed npi HITICNIYBAHE HA EIHH H ChilH
RPHTCPHATIN ¥PauiCcHUA 38 HIUHCAsRadEe ua elbekTHRIaTS NOBLPXHOCT M YaCTHHTE
.'-\.'U'I..’ii'H:IIi[CIIT‘.I ] MACOH I TARNHE,

Sl lomvuciie o nopw EpRrepuainy Ypasnenus  3a onpeae’sHe  Ha pafaTHHTE
\i'l;':lili"li_'r‘:-ﬂ."ll1h'l'! L KOIOETTS © NRAMCH,

B Ha Ganarae e voneTe munesn W GPUCHTEANH YCTPOHCTRI ¢ MCTOAMEATE 32 TANHOTO
PREMUPHIELIC Gl PA3BiTse M BHCAPEHH B HPOMUIICHOCTTA OB TEXHONOIMH 3 OUMCTRAME Ha
UTTRLANM BRI O PAG0BE HE YTHITHEHE W OTTUD TOMIHHEA 0T OTHAIHN Ftone,

Ha  Guosara ma UPOBSICHHTC  HICTCIBANHE  Ca NPOCKTHPAHK KM BHEADEHH g
[ATRIRET RETENH (A EE Tall i S MHHRC WR =1}':{-<-ﬁ:1|r::. HERCTRMDIHHE W OT e Al arapaTi 3a NPpOBSHAAHETO HA Iy
PUBEMMEG TENHOIOTMUCCRE Npoueca, O0wnsT Gpoit B NareHTHO  SAHTEHHTE BHEIPEHH
ANARATH @ pr YO,

H.ﬂ HIET B ALV SURE D AOLTENIN O FT T e, mr.'Jr,_'.l-j,'_-rl,l'_jr,-,;;”r,-[,-;;_ “'_{lfl-l-('_',_qﬁfmglnafjﬂ e 1] CMECRINE,
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45. T. Petrova, Kr. Semkov, New approach for modeling of gas distribution in packed
columns, Jubilee Scientific Conference with International Participation, University of
Chemical Technology and Metallurgy, Sofia 4-5 June 2003, Abstracts, 209.

Jiehilee soteniyfic conference - Abairaces

HLP4 NEW APPROACH FOR MODELING OF GAS
DISTRIBUTION IN PACKED COLUMNS

T. Petrova, K. Seimkoy

Irestiinte of Cliesical Eagtiveering, BAY
“Acod. G Bonchey” S, BUIS THLE Safa, Balgarice

A method for mathematical modeling of gas distribution inea packed
column is proposed by means of a dispersion model, in which the redistnibution
ability of gas distribution device (GDD} and that of the packing are separatefy
accounted. The additivity of the packing redistribution capability and the GDD hus
been proved. The distribution ability is a parameter of the model and is wentified
by non-linear optimization for the mintmum of residual variance  between
theoretical and experimental gas velocity. The adequacy between the madel and the
experiment for “Honey-comb™ packing is checked.

An analytical formula has been derved for the maldistribution Factor of the
gus flow, which depends on the model distribution parameter and the il
conditions for GDID. A comparison has been made between the theorenical and the
experimentally measured maldistribution factor for “Honey-comb™ packing. The
same is done with experimental data of other authors for three different sizes Pull
rings.

Kevwords:  packed  columns,  maldistribution  factor, miathenuelical

modeling, distribution ability
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46. Kr. Semkov, S. Darakchiev, Mathematical modeling of horizontal expanded sheet
packing efficiency for distillation of the system ethanol-water, 10" International
Summer School of Chemical Engineering, Varna 24-31 May 2004, Proceedings, 290.

VIATHEMATICAL MODELING OF HORISONTAL EXTENDED S11p ¢ ‘
PACKING EFFICIENCY FOR DISTILLATION OF THE SY< Py
ETHANOL-WATER |

kr. semkov and 5. Darakchiev

fnstiture of Chemical Engineering, Bulgarvian Academy of Sciences,
Acad Bonchev S, Block 103, 1113 Sofia, Bulgaria

SUMMARY

The main difficulty in determination of distilanan columns height are duw
ter attendant phenomena, which influence the interphase mass transfer. The mos
‘mportant among them are axial mixing. radial iregularity of flow distribution. and
superficial phenomena as hvdrodynamic instability of the interphase (Marangont
effect), ete. The rate of influence of these phenomena depends on the physico-
chemical properties of phases as well as on the distribution of resistance between
them. In previous investigations an unified approach 1o modeling of packed-bed
columns has been proposed that accoumts for the mentioned phenomena.

The present work examines the possibility for using of this approach in the
treatment of experimental data obtained at distillation of ethanol-water mixture in g
column with horizontal extended sheet packing at very large variation of aleohel
concentration. The peculiarity of this data 1s a strong dependence of packing
efficiency on ethanol concentration, :

The mathematical model is applied separately to the analysis of
longitudinal mixing influence and to Marangon efiect. Very good coincidence of
experimental and calculated packing height 1s obtained at low and medium ethanol
concentrations. At very mgh concentrations the model shows some deviation,
which is attributed to the insufiicient accounting of the physico-chemical
properties. A correction for elimination of this shorlcoming is proposed.
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47. S. Darakchiev, Kr. Semkov, Performance of extended sheet packing in distillation of
ethanol-water mixture in high alcohol concentration range, 10" International Summer
School of Chemical Engineering, Varna 24-31 May 2004, Proceedings, 291.

¢ PERFGRI\’{M:'JCF, OF EXTENDED SHEET PACKING IN DISTILLATION
OF ETHANOL-WATER MIXTURE IN HIGH ALCOHOL
CONCENTRATION RANGE

S. Darakchiev and Kr. Semkov

Institute of Chemical Engineering, Bulgavian Academy of Sciences,
Acad Bonchev 81, Block 103, 1113 Sofia, Bulparia

SUMMARY

_ _The ]Eracking of horizontallv arranged extended sheets is very efficient for
reahzzlnum ot absorption and distillation processes. Studies on this packing applied
to &n important tndustrial system ethanol-water in low and medium ethan:i
concentrations have shown potentials for significant apparatus intensification, The
purpose m‘"_ this wark is to investigate the packing operation in high alcohaol
concentration range. Due to particular system equilibrium, a prevailing part of the
column operates in this concentration range.

. Tiue :;xperimeqts are carried out in an installation. including & ¢column
- 15 myin diamerer with 1,54 m packing height. condenser. pipelines. control and
fieesurement devices, and control panel. Column heating is done by twemy six
-c_lm::rw;es;’smrme heaters with total power of 37.15 kW, which can be eradually
shanged. The samples are analvzed by an interferometric method. In orderto
-mprove the analvsis precision, high concentrated samples are diluted 10 become
wwer than 9,10~ mol/maol.

- All experimental results are obtained in full reflux regime. The density of

" ation ha:l been varied from 14410 mys 1o 7.107 nys. The vapor velocity has
teen varied from 0,421 mYs to 0.777 nds,
“nlfﬂfl&":.[j:i TI?IPEJIS ar;: pr_t-:senlefi as volume mass transfer coefficient. height of a
"-'ﬁpl.;:r 1:-=In]~' ! and height of' 5 theoret_lcal‘ﬂtage HETP as a function of the mean
'-'!|‘umq~.I:qL"} in l].n: cc-lump. The analysis of results shml‘;s strong nfluence of
o ‘nr:emratmn on _elﬂmency. Maxu}}ai. elhm_en»:}' is obtamed at medium

Lntrations about 0,56 mol mol. The efficiency is reduced at lower and higher

e o . : .
o k‘nt_ranm_ns. which is explained by the strong change of phvsico-chemical
HUherles of the system,

1ETi
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48. T. Petrova, Kr. Semkov, Simulation of gas distribution in modern high-efficient
random packings using an enhanced dispersion model, 10" International Summer
School of Chemical Engineering, Varna 24-31 May 2004, Proceedings, 288.

SIMULATION OF GAS DISTRIBLUTION IN MODERN HIGH-EFFICy i
RANDONM PACKINGS USING AN ENHANCED DISPERSION Moy |

T. Petrova and kr. Semkos

Institute of Chemical Engincering, Bulgarian Academy of Scicaces,
Acad, Bonehev Sre., B 103, 1113 Sofia, Bulgaria

SUMMARY

An enhanced dispersion model for gas distribution accounting for the
discrete structure of the packing is applied to modem high efficient packings. A
laree number of experimental results for different packings are treated: metal
Raschig-Super Rin_t_r:a ~ 6 sizes. metal saddles IMTP — 4 sizes, and plastic rings
Ralu Flow — 2 sizes. The experiments have been carried out in a 470 mm column
diameter with the same inlet gas disiribution device. For all packings, the values of
radial gas spreading coefficient are identified by means of non-linear oplimization.
The influence of discrete packing structure is taken into account by expertmental
determination of maldistribution factor at uniformity limit.

The influence of inlet gas distribution device 15 identified on the base of all
experimental data. The same influence is determined also by treatment of
experimental data for column without packing. A comparison of both results is

done.
It is shown that the enhanced dispersion model accounting for both the
packing discrete structure and inlet gas distributor influence gives the possibility

for high precision simulation of the maldistribution factor for all investigated
packings.
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i f Raschig Super Ring packings in
49. Kr. Semkov, S. Darakchiev, Performance o ‘
distillation of ethanol-water mixture, I* South East European Congress of Chemical

Engineering, Belgrade, Serbia and Montenegro, September 25-28, 2005, Book of

Abstracts, 54.

GCEN P-24 iph

14 South Easf European Congress of Chemizal Engines: -3

Performance of Rashching Super Ring Packings in Distillation
of Ethanol-Water Mixture

Krum Semkov, Simeon Darakehiow

Institute of Chemical Engincering, Bulparian Academy of Sciences,
Acad. G. Bonehev Str., Block 103, 1113 Sofia, Bulgaria
e-mail: semkaviibas, by

The Raschig Super Ring packings are modern high efficient random packings for realization of
absorption and distllation processes. The purpose of (his work is 10 investigate the efficiency of
this packing in distillation of the important industrial system ethanol-water mainly 1 the high
alcohol concentration range. Due to particular system equilibrium, a prevaihng part of the
column eperates in this concentration Tange.

The experiments are carried out in an installation including a column 0,213 m in diameter with
2,8 m packing height. Column heating is done by electric resistanee heaters with total power of
45 kW, which can be gradually changed. The installation construction etinbles operating with
constant and variable reflux ratio,

Three types of Raschig Super Ring packings made of meta] are studied: NoNo. 005; 0,7: 1, 4
part of the experiments are carried out in tota) reflux regime in the vapor velocity range from
0,253 m 5" 10 0,936 m 5 and density of irrigation from 44410 mn? st to 163107
m¥(m’ 5} respectively.

Also experiments are carried aut with variable reflux ratio realized by: constant density of
irrigation and vasiable vapar load; constant vapor lomd amd variable density of rigation.

The resulis are presented as height of a transter unit (HTU} and height equivalent 1o a theoretical
plate (HETP) as function of the phases’ velacities. Comparison of the efficiency of the
investigated packings with another high efficient packing - HOLPACK, used in distillation of
the same syslem, was made,
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50. Kr. Se_mkov, T. P_etrova, Simulation of gas distribution in packed bed columns
accounting for the discrete structure of the packing, " South East European Congress

of Chemical Engineering, Belgrade, Serbia and Mont
Book of Abstracts, 55. ntenegro, September 25-28, 2005,

Seplember 25-26, 2005, Belgrade, 5CG

Simulation of Gas Distribution in Packed-Bed Columns Accounting
for the Discrete Structure of the Packing

uydi §Z-d N32D

Krum Semkov, Tatyana Petrova

Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchey Str., Block 103, 1113 Sofia, Bulgaria
g-mail: tpetrovai@ice bas. by

An enhanced mathematical model of the gas distribution in packed-bed columns is proposed. It
rakes into account the packed bed inhomogeneity due to the discrete structure of the packing and
the difference berween the local peometry m the bulk and in the wall zone.

The real maldistribution factor can be expressed as a result of superposition of the
maldistribution factor derived from the dispersion model for isotropic medium and a “noisc”
maldistribution ones due to the packing inhomogeneity. It is shown theoretically that the
superposition can be present as additivity of the squares of above mentioned maldistribution
factors. The “noise” factor is considered as a sum of static and dynamic components. The static
component reflects the influence of the packing discrete structure and the dynamic one — the
influence of height of packing on the ratio berween the bulk and the wall zone gas permeability.
The definition of the both components is given.

The application of the enhanced model requires an experimental data for change of
maldistribution factor with the packing height and also the minimal value of maldistribution
factor {(uniformity limit) for some height (penetration depth). It is shown that the uniformity
limit represents the siatic “noise” compoenent and characterizes the packing discrete structure.
The influence of dynamical component is demonstrated in the model based on the experiments,
for which the maldistribution factor is investigated after the penetration depth.

The model is tested with the author's experimental data for modern high-effective random
packings and structured ones as well a3 far results from other literature published.

%
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51. T. Petrova, R. Darakchiev, Kr. Semkov, S. Darakchiev, On the precision of measuring
the gas flow maldistribution factor in packed columns, 5-th International conference of
the Chemical Societies of the South-East European Countries, Ohrid, Republic of
Macedonia, September 10-14, Book of abstracts, vol.I, CHE-19, 231 (2006).

4, Chemical Engineering - CHE

CHE -19
ON THE PRECISION OF MEASURING THE GAS FLOW
MALDISTRIBUTION FACTOR IN PACKED COLUMNS

Tatyana Petrova, Rumen Darakchiev, Krum Semkov, Simeon Darakchiev

institute of Chemical Engineering, Bulgarian Academy of Sciences.
Acad. G. Bonchey Str., Bl 103, Sofia 1113
tpetrova @ice.bas by

To estimate the uniform distribution of a gas flow, the integral index maldis-
tribution factor Mf is normally used which takes into account the local vaiues of the
gas velocity in the column cross section, as well as the area of this cross section
The maldistribution factor is a measure of different kinds of maldistribution - large-
scale and small-scale, which deteriorates the packed column efficiency.

A matter of interest is what is the minimum number of measuring points for
accounting the different kinds of maldistribution and how should they be situated
an the column cross section to have a correct value of M. Experimental data for
velocily profiles at the end of a packed layer of different structured and random
packings (Honey-comb, Holpack, Raschig Super-Ring (metal and plastic), IMT®
Pali rings} is analyzed to this end. Two kinds of data are used - measurements
taken in equal by area cells covering the whole apparalus’ cross section. and
measurements taken along two perpendicular diameters.

At increasing the number of points, Mf increases gradually and after a defi-
nite number of points it does not change - a “plateau” is reached. The degree of
accounting the small-scale maldistribution increases at increasing the point's num-
ber and after reaching the “plateau’ the maldistribution is completely accounted by
At

Large-scale maldistrioution in packed columns is due to different reasons,
These are the initial maldistribution caused by the inlet device, the higher porosily
at the wall zone as well as the variation of the equivalent packing diameter in the
wall zone and in the bulk of the packing layer at increasing the packing height (for
some packings).

It is shown that the large-scale maldistribution and the enhanced porosity
of the wall zone can be accounted correctly by measuring the gas flow velocities
along two perpendicular diameters, The variation of Mf (depending on the number
of measuring points in the wall zone and in the central zong) at increasing the
packed layer height for some modern random packings is also investigated.

ICCBECS 5 - Intemational Conference of the Chemical Societices of the South-East BEuwrapean Countrics 231
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52. S. Darakchiev, T. Petrova, Kr. Semkov, R. Darakchiev, On the velocity influence on
the gas maldistribution in packed columns, Sixth International Conference of the

Chemical Societes of the South-Eastern European Contries, Sofia 10-14 September,
Book of Abstracts, 287 (2008).

Chemical Enginecring

6-04. On the velocity influence on the gas maldistribution in packed
columns

S Darakehiev, T, Petrova, K. Sembkov, R, [arakehiev

istitte of Chemical Engineering, Bulzarian Academy of Sciences, [ 113 Sofia, Bulgario
Fer +350-2-8707323, e-mail: ipetrovaliiice. bas. g

The packed columns, especially those with modern random or 511'L|.L':l|rc1j p;n:king_ h.r_:u:
aood heat and mass transfer characteristic and low pressure drop. One of the main reasgons for
their insufficient use is the non-uniform eas and liguid distribution, which decrease their
efficiency. _

It is of interest to investizate the influence of the gas velocity on the s flow non-
uniformity at uniform liquid distribution across the column cross section. T.hls comes from
operating reasons of the packed columns as technological rn.:_gi mes .lcad sometimes to \-‘u]n(;!i}'
change. In these cases is important to be kept the uniform distribution of the flows at velocity
:_'Imn::u atwide range. .

“The review of the publications, which discuss the gas velocity influence on the
maldistribution factor MF for random and structured packings shows that at short layers the
maldistribution increase with gas veloeity increase, It is shown that the most used gas
distribution devices do not change the gas distribution at velocity change across the column
cross section. It is determined that these gas distnbuting devices with dHh;rcu! initial
maldistribution provides equal maldistribution after a definite packing height. 1t 15 important
that after reaching the typical of every packing |r1cnl:tralion_|:lr:pth the pmfm_m_; kccE r.hc
maldistribution at velocity change. Thus, they provide the packing’s characteristic uniformity
limit at wide range — for example by changing velocity three times. All of this guarantee
enongh zas fow l.rnil'urmi.t}.r at technological regimes change at operating conditions.
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53. T. Petrova, S. Darakchiev, Kr. Semkov, R. Darakchiev, About an estimation of a
degree of gas flow maldistribution in packed bed columns. Determining of the
maldistribution factor, Sixth International Conference of the Chemical Societes of the
South-Eastern European Contries, Sofia 10-14 September, Book of Abstracts, 293
(2008).

ey O Chemacal Socicties

Chemten? Lrwneriog

6-1'3, Abont an estimation of the degree of gas flow maldistribution in
packed bed vojamns, Determining of the maldistribution factor

oPetrevs, S Darakcluev, KL Semkov, B Darzkeluey

W Eneering, Budfgarfon Adcodemy af Scivnces, oo G Bagelie 81

e of the main problems that deteriorate packed heds® performance s the non-

teoof the gos aod Bguid phases” distrbution m the columa hotk, The sourees of the

oty depand oy

the tvpe of the gas and liouid inler deviee, guind velaoies

the apperatues, and i et and rype of the packing layer - random or structure:sd.
Acreview on the exisnng methods for estimation of gas low non aniforiaity acress the
column cress-section is made, The main criterion enabling the quantity measure of the ous
Mo nog-untlfirnnty in the column i the maldistribution factor. It is 3 measure of the
dereation et e lecal sas e velozities from their mean value, measured G g aebitiary

colirn cross-seciion Depending on the area of column cross-section, on which thew are

ehserved, ditferent types of gas fow non-anifermity are estmated hroegl ts velue 1 s
possible 1o obtum e was How non-uniformity estimation by mcans of mios of motion’s
uitity or kinetic energles of the gas flow across the given column cross-section. A thind
metiiend for the gas-flow non-uw formily estimation s by the ratio betwaen the maximum Incal
amd tnean velocines of the gas flow,

is cleermined that the correctness and precision of the maldistribution Beior depends

ot the packing structure — random or strochured, the distance between the Tow velocin

imessuring deviee and the packing layer, the paucking recharging, ine number o

poants and their location over the column cress-section, The basic formulas Dor caleulau

A=l

rraldistnibulion foctor, proposed by a varely of mvestigators are anabyeci. as woll as the sed
differenr measurmy schemes, In the circwmstance that every kind of packing has its own non-
regularity, wmfied method for caleulating the maldistribution factor o be used as the sl
eritcrian o estinute the non-uniformity in the apparatus can not be geperalized, The cases in

winel the usimig ol o conerste mensuring scheme for the mas-flow velocity profile 12 proforred
are shown with o vicw wogiving an account of the correct value of gas fow maldistribution
facton,
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@ Improving Industrial Energy Performance
s through Low Grade Waste Heat Recovery ==

Emma Mooney, Toshho Zheley Frum Semkov, James Varghese
Unsersity of Lasmerick. Ireland

INTRODUCTION

Improving the erergy performance of ndustries in Drelond 2 very important for bath industey tself and far the Trich
Motian, ensuring more flexibility and energy security,  One of the priority research themeas of this programme (s low grade
woite heat recovery. The work 1 aimed ot recavery and utilzation of low grede enaray improving overall pracess effiesency

The Process
The main irvestigation 15 focused towards:

Tdentfication of sources of low grade energy and waste energy streams in
Industry
i Identification of the proportion of fow grade heat currently generated but not
used in Trdustry

" Research of the potential for using recovered heot or other forms of energy
derrved from it

Iy Investigntion of the state of the art in low grode energy utilisation in Iferature

v Tdentification of principles, metheds, taals and procedures sutable for
apphcation or odaptation for Irish enviconment

Wi Formulate promising projects for T2E2 consortiven member companias
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General Approach of Low Grade Energy Management
(GALGEM) for Energy Efficiency Improvement

Krum Sembov', Teshko Zhelev’, Emma \-'1|.".|.'||."_-."‘. Jaimes "|"i||'-_v_-_|||.'.--|."-

"Upiversity of Limenick, Ieelond; listitute of Chemical Eugineering. Bulganon Academy of Sciences, Bulgaria
! University of Limerick. Erefansd

krumesemkovidalic

Summary

A Gemeral Approsch of Low Grsle Unergy hanagement (GALGEM) & proposed  For encrgy efficiency
jprovement in comples manufacturing echnologics. The mvestigaions ane supporiced in the frame of 1252
{Innesation Treland & Fneeey Efficiency) program. The Appeosch consisis in consequent steps, including: Full
bicrarchic analysis ul the manufaciaring systom. ident Bang all "low grade™ hoat sireams; Classilations: of the
streners aceanding of group of parometers: Strewme coupling analysis (sources and sinks)k Elunitation of comibi-
mations  on the base of hearistic, cost-benefit and thermodynamic assessments: Cpamisation of e solutions.
Blaun g"id._-lineg for an enhoneed SR alficiciey impoovement are e lindied ag well ag bailer WO, emissions
reduction, e gns hent recovery, compecssors enengy reduction oic. Aa cuample on Bntel manafacnnng
technolegy is shown

144 | Il Eosroparsn Besescls & o Hin Conferomr
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Reducing environmental emissions generated through industrial processes is impoartant to
both industry and the Irish Nation. Government commitment to mMinimising emissions s
demonstrated through participation o the EU MEC Directive and the Mational Chimate
Change Strategy. This suppaort is confirmed through projects such as the 1ZE2 {Innovation
for relands Energy Efficiency) Research Programme, which is co-funded by Enterprise
Ireland and the IDA. One of the priority research themes of this programme is low grade
waste heat recovery. The main investigation of this research focuses on emission
reduction, primarily MO with simultaneaus energy efficiency improvement in natural gas
fired boders. This is to be achieved through the prebumidification and heating of
combiastion air, and consequent condensing of the water vapour from the flue gas, using
a second generation contact econamisar system, Two potential impacts are expected: i
Emviranmental. & reduction in NO, emissions and a decrease in fusl related carbon and
water vapour emissions. i, Economic: supplementary waste heat recovery of 10 to 13%
equivalent saving of fuel. Currently second generation contact economiser systems are
successfully installed in large boiler systems. The focus of this research is the extension of
application of the technology to widely used medium and small boilers, as well as to
contribute to the design of a pilot plant and to conduect and assess pilot experiments
Prehwmidification of combustion air up to 11% v can be applied to all types of burners
achieving up to 3.6 times reduction in NO. emissions. In currently installed systems a 12%
reduction in fuel consumption has been achieved with a reduction in NO. emissions fram
133w 37 ppm. Aanother part of the research is to optimise the required
prehumidification level according to impact/cost term depending on the boiler design and
recovered heat sink parameters. The expected result is the development of a cost and
energy efficient device for small to medium boilers. The 12E2 project brings together
researchers in several energy efficiency related areas creating the ground for Fruitful
cross-projects collaboration and synergistic impact in the arca of afficiency improvement
and envirgnmental protection
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