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Dear Professor Angelov

Re:Your article submitted to the 25th Israel Conference on Mechanical Engineering

Your article, under the title:"Direct Numerical Modeling of Two-PhaseTurbulent Axially
Symmetrical Jets" is included in the Conference proceedings.

We were disappointed, though, that you did not come to the Conference to deliver your
lecture. A program was sent to you, as well as a registration form, but you did not
respond.

Should you wish to purchase the Confernce Proceedings, please send us a check for the
sum of $40.- (payable to the Technion Institute of Research and Developement) for the
book (including shipping costs).

Sincerely yours
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ABSTRACT

A two-phase turbulent axially symmetrical jet have
been investigated. It has been assumed that the size of the
admixture particles is bigger than the molecular-kinetic
scales and smaller than the characteristic scale of change
of the macroscopic parameters. The numerical solution
was realised by a direct method of numerical
investigation. The model is based on a two-velocity
scheme of a two-phase flow. There has been described the
procedure of equation averaging, output systems of
equations for numerical study and numerical results. The
changes of maximum values of the velocity’s components
and concentration of admixture are given.

INTRODUCTION

The main disadvantage of the existing models of
turbulence, applied for closing of the equation system for
moving of turbulent flow, close to the boundary layer is
the necessity of averaging and using relations with the
aim to obtain a system which could be integrate [1,2,3].
These disadvantages can be eliminated by using the direct
methods for numerical modelling of the Navie-Stoks
equations without a preliminary averaging. This
approach of investigation of turbulent flows has several
advantages that make it applicable for the investigation of
complicated flows such as the two-phase flows. We can
prove it’s advantages, lake using a simpler turbulent
model, reading of three dimensional effects, etc.

BASIS OF THE NUMERICAL MODEL

In this publication the continuum model of moving of
heterogeneous admixture is described. The numerical
solution was realised by a direct method of numerical
investigation on the base of Shuman’s procedure [4] for
one phase flows. A two-phase turbulent jet has been
investigated. It was assumed that the size of the admixture
is bigger than molecular-kinetics scales and smaller than
the characteristic scale of change of macroscopic
parameters. Dugto this assumption the requirements of
continuity of the admixture phase are fulfilled and this
phase is considered like a special fluid medium without
own tension tensor [5].The continuum model of flow is
worked out on the base of the equations of continuity and
moving for the two phases:
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where subscript “p” is for the phase of admixture and “g”
for the carrying phase.- When we solve the problem we
have to read the forces of phase-to-phase interaction as
follows:

F= FJ:Fm +E, (6)
where F, is the aerodynamic resistance, Fm - the
Magnus’ force, F; - the Saffman’s force. Here we take
into consideration a Saffman’s force because the jet flows
have a big transverse velocity gradient [7]. A scheme like
in [2] has been used, in which the basic equations are
averaged by cell’s volume. The turbulent tensions are
determined by averaging the field’s velocities, using
Businesk’s hypothesis. The averaging is realised as
follows:
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According to the Kolmogorov-Prandtl’s hypothesis ’ [t is
determined by the expression:
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where ’F is a typical length, obtained from the arca of the
calculated cell. 'E’ is a part of the filtered out turbulent
cnergy, active on the respective wall:

'E"= C,"E’ , at a condition
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The coefficients C, and ’C; are determined at a

condition of equality of generation and dissipation of the

turbulent energy.
The force of phase-to-phase interaction (6) is treated as

follows.
For the resistant force:
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For cocfficient C, it was assumed non-linear law:
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iFor the averaged by volume resistance force, projected on
axis X we obtain:

R

(1
For the averaged Magnus’ force follows:

E.=A.p, (Q, XV,)
where.

A=6K, p; / (np;)
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For the averaged by a cell's volume this force has follows

type:
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As it was mentioned in the present paper, the Saffman,s
force is taken into consideration and read as in previous
publications, treating this problem [7]. For the averaged
by cell’s volum this force has the following form:
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were:
k, =6k,v"p; /(5,pn) (14)

The method for averaging [4,7] of the others terms in
equations 1+5 won’t be investigated here because of the

limited space.

NUMERICAL RESULTS

It’s been assumed that the most suitable for this case is
the numerical scheme using the method of “strcams™ [8],
adapted to the features of the modelled flow. The results
of the numerical solution for some of the investigated
parameters are shown on figures 1 and 2. The velocity
distribution is non-dimensionalized with the initial
velocities of the gas phase U, and the admixtures U,. The
changes of the maximum values of the velocity’s
components and concentration of admixture are shown on
figures 3+5. From these figures we should analyse the
influence of the initial concentration y, and the diameter of
the admixture D, over the respective parameters. Because
of the limited space we will not display here the extremely
interesting results, concerning the transverse velocity
component distribution of the turbulent energy and the
turbulent tensions.

The present investigation and research were performed
regarding the possibility to use this type of flow for the
intensification  of thermal, hydraulic and chemical
processes in heat and mass exchange apparatus.
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Fig. 1. Velocity distribution of admixture phase
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January 13, 1994

Prof. M.S. Angelov

Higher Institute of Food Technology
26 bul. "Maritza"

Plovdov

BULGARIA
Dear Prof. Angelov.
Thank you for your interest in submitting papers at the 25th conference.

The abstract of your papers arrived, titled:
1. Antonov L.S. & Angelov M.S. :"Direct numerical modeling of two-phase turbulent axially symmetrical

jets."
2. Angelov M.S.:"Using of hydrodydamic cavitation for purification of water- alcohol solutions."
Printing information will be sent by mid- February of 1994.

Best wishes for a happy new year.

-

Sincerzlj Yours,

Alisa Orell
Conference Secretary

Technical Information Editorial Information Administrative Information

Conference Chairman
Prof. Miles B. Rubin

Faculty of Mechanical Engineering
Technion-Israel Institute of Technology

Haifa, 32000 Israel

Tel:

972-4-293-188

Editorial Chairman

Prof. Eli Altus

Faculty of Mechanical Enginecring
Technion-Israel Institute of Technology
Haifa, 32000 Isracl

Tel:  972-4-293-157

Conference Secretariat

Division of Continuing Education
Technion-Israel Institute of Technology
Haifa, 32000 Israel

Tel:  972-4-294-464, 4-225-150
Fax. 972-4-294-466
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Dear Lecturer

10 April 1994

RE: Your lecture at The 25th Israel Conference On Mechanical Engineering

Enclosed please find the detailed program of the above mentioned conference, the
registration form, and Hotel & Tour form. Please fill out these forms and return them to

us as soon as possible.

[ﬁ/ Your paper has arrived and will be included in the Conference proceedings.

[0 Wehave not yet received your paper and it will not appear in the proceedings
unless it is received by 17 April 1994.

Just to remind you, your lecture is allotted 20 minutes, with an additional 5 minutes for
questions. Slides and transparencies for all lectures will be in English.

Your lecture is scheduled for
UMMJ , 2§ May 1994 at | 4 > Lecture NOC_/{g
B At your request, your lecture hall will be provided with:
B/ An Overhead Projector

[ A Slide Projector
[ A Video System

O  Wedid not receive your Lecturer's Form. Therefore, your lecture hall will only
have an overhead projector.

We look forward to seeing you here in Haifa and wish you a rewarding and
pleasant stay.

Sincerely

Miles B. Rubin
Conference Chairman

Technical Information Editorial Information Administrative Information
Confcrence Chairman Editorial Chairman Conference Secretariat

Prof. Miles B. Rubin Prof. Eli Alws Division of Continuing Education
Faculty of Mcchanical Engincering Faculty of Mechanical Enginecring Technion-Israel Institute of Technology
Technion-Isracl Institute of Technology ~ Technion-Israel Institute of Technology  Haifa, 32000 Isracl

Haifa, 32000 Isracl Haifa, 32000 Isracl Tel:  972-4-294-464, 4-225-150
Tel:  972-4-293-188 Tel:  972-4-293-157 Fax. 972-4-294-466

Bitnet: RDO @ TAA @ TECHNION
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Miles B. Rubin
Conference Chairman
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AVPEKTHO YMICAEHO MOAFAVIPAHE HA ABY(DA3HU
TYPBYAEHTHU OCOCUMETPUYHU CTPYU

goy M. Aneerob - BUIXBI g [110B8gub, bbreapus

ChLeCTBEH HEAOCTaTbK Ha CbBPEMEHHUTE MOAEAM, NpUAaraHu 3a
3aTBapsiHe Ha cucremara ypasHeHUsl 3a ABWXKeHne npu TypbyaeHTHuTe
TeYeHNs B NPUDAMXKEHUE Ha rPaHUYEH CAON, Ce SBsIBa HEODXOAMMOCTTa OT
OCpeAHsIBaHEe 1 NpuAaraHe Ha OrnpeAeAeH| BPb3KK N OTHOLLIEHUS, C LeA AQ
Ce AOCTUTHE eAHa uHTerpupyema cucrema. AOpu v npu  peLueHus,
HanpaeeHu Ha ocHoBata Ha K-g moaea Ha TypbyaentHocrt, /1/ /2/ 13/, Te3n
NPOTUBOPEUNSl He Ca MPEOAOAEHMN.

[pn ANPEKTHUTE METOAN Ha YMCAEHO MOAEAVIPAHE Ha ypaBHeHUsTa
Ha Hasue-CTokc, wu3rpapeHn Ha  HENoCPeACTBEHOTO um, Des
NPEABApUTEAHO  OCPEAHSIBAHE,  UHTErpupaHe, Te3n  HeAOCTaTblLy
ynomeHaru no-rope, ca npeopoAumn. OCBEH TOBa, MOrar Aa ce nocouar
Bb3MOXXHOCTUTE UM 33 OT4MTaHe TpUMEpPHU edekTn, npuaaraHe Ha
ONpPOCTeHN MOAEAN Ha TypOyAeHTHOCT u Ap. B Hacrosiwara pabora
peLueHneTo 3a ABydasHu TypOyAeHTHI CTPyn € M3rpapeHo Ha OCHoBaTta Ha
paspaboteHara ot LLlymaH /4/ npoueaypa 3a eaHodasHu TeueHusl.

13noA3Ba ce KOHTUHYaAHO npubAnkeHue Ha ABY(asHOTO TeyeHue
/5/ /6/. ABete a3 ce pasraexaar Kato ABa B3aUMHOMNPOHUKBALLY
KOHTUHWYMA, NPV KOEeTO BbB BCSKA TOYKA OT TeyeHueto Te ce
Xapakrepuampar C pPasAudHM  CKOPOCT M MNABTHOCT. EAHO noOAOGHO
pasraexkaHe Mo03BOAsIBA AODAMXKaBaHe AO ¢usnyeckata KapTuHa Ha
TEUYEHNETO, KATo Ce OTYUTaT CMANTE Ha Mexyda3oBo Biaumoaelictsue. 1o
TO3M HauurH (aKTMyeckn ce Mu3noA3Ba T.H.  ABYCKOPOCTHA Cxema Ha
ABydasHoTo TeueHne, popmyanpara ot Hurmaryann /5/.

Pasraexaa ce ABMXXeHne Ha ra3 C HOCeHN B Hero AMCMepCHU YacTuum
npumecn. lMpreTto e, ye pasmepbT Ha YaCTUUWTE € MHOFO NO-TOASIM OT
MOAEKYASIDHO-KMHETNYHUTE MalLaby 1 MHOTO MO-MaAbK B CpaBHEHWe C
xapakrepHusi mailab Ha n3meHeHue Ha makpockonuuHute napametpu. C
TOBA MpUEMAHEe Ce LEAN U3MbAHEHUE HA YCAOBNETO 3a HENPEeKbCHATOCT Ha
(asata Ha npumecnTe N pasrAexAaHeTo 1 Kato ocobeHa PpaymaHa Cpeaa,
Oe3 coOCTBEH TEH30p Ha HanpexeHue.

KOHTUHYaAHNS MOAEA Ha TeyeHweTo e usrpapeH Ha Dasata Ha
ypaBHeHusiTa 32 HEMPEeKbCHATOCT 1 ABUXKEHNE 3a ABeTe dasw.

G b whNh =



, KbAETO MHAEKCcuTEe ,p”“ ce OTHacaT 3a d)aaaTa Ha npumecute n” r” 3a
HocelLata ¢asa.

[Mpn pewasaHe Ha 3apadara ce OT4MTaT CUAUTE Ha MeXAY(}asoBo
B3aumoencteue F, Kakto caeaBa:

(6) F-ffaf,
KbaeTO: F, e aepoanHammnyHo conpotusaerne, F - MarHycoBsa cuaa, F -
cupa Ha Saffman. 3a pasavka ot pelueHusita B /2/ ce BbBeXAA OTUMTaHe Ha
@gﬂpsara CUAQ, Tb KATO CTPyMHUTE TeYeHusi MMAT MHOTO TOASIM
HanpeuyeH rpaAneHT Ha CKOpPOCTTa.

OcpeaHsiBaHeTO ce wu3BbplIBAa No obema V Ha u3uncamteaHara
KAETKA MAM MO HarpaBAEHWe Ha HSIKOsi OT CTpaHWTe 1, CbBMaAALia CbC
CbOTBETHATa KOOPAMHATHA OC.

TypOyA€HTHUTE HaNpexeHusi Ce OMNpPeAeAsT uYpe3 OCpepHeHuTe
CKOPOCTM Ha TMOAETO, NpW W3NOA3BaHe Ha xunortesata Ha bycuHeck.
OcCpeAHSsIBAHETO VM Ce peaAn3upa, KakTo CAeABa:

( W CbraacHo xunotesara Ha Koamoropos-lIpaHaTbA il ce onpeaeast €
n3pasa:
/&)/ i“:C2[FE]Cii 9
kbA€TO F e xapaktepHa AbAXMHA NMOAyYeHa OT MAOLLTA Ha M3YNCAUTEAHATA
kaeTka, JE e yactta ot or¢uaTprnpaHara TypOyAeHTHa eHeprus, Aencrsalla
Ha CbOTBETHATa CTeHa:
9)

Koepuupentute C, n C; ce onpeaeast npu paBeHCTBOTO Ha
reHepauysi 1 AMCURaLMs Ha TypOyAeHTHaTa eHeprs.

Cuante Ha mexaydasoBo Bzanmoaeinctsue (6) ce obpaborsar no
CAEAHMSI HauuH. 3a koeduumeHTa Ha CbnpotusaeHue /2/ ce npuema
HEAMHENHMS 3aKOH {

(10)
npu

3a ocpepHeHarta no obema V CbNpoOTUBUTEAHA CWAQ, MPOEKTMPAHA
no oc X, ce rnoAy4asa !

(11)

3a ocpeAHeHata crnaa Ha MarHyc caeaBa 2
(12)
KbAETO:

Kakto He cnomeHaTto B HacTosiliarta pabota ce BbBEXAA OTYMTaHE Ha
cuaata Ha Sgffman. ToBa e ynomeHato v B HSIKOW OT NpEANLIHWTE HW

paspabotku no Bbripoca /7/.
OcpeaHeHa no obema Ha KaeTkara V, Tasn Cnaa nMa CAEAHNS BUA:
(13)
KbAETO
(14)



Metoankara Ha ocpeaHsiBaHe /4/ /7/ 3a octaHaaute uaeHoBe B
ypasHeHusTa 1 + 5, nopapn Aunca Ha obem Hsma aa Gbae obekT Ha
HaCTOSILLLETO M3CAEABAHE.

Hucaenata cxema, Ha ocHoBatTa Ha KOSITO € pa3spaboreHa
nporpamHara peaamsaumsi, € usrpapeHa no MeToAa Ha notouuTe.

Pesyatatnte o1 uucaeHoTO  pelueHne  (npu  pexum

Xo = A, =pm,n, =m/s,n =m/s,p =kg/m’,p, =kg/m’
ca nokasaHu Ha cj)mr 1, KbAETO Ca AapeHu pasnpeaeAeHusita  Ha
ckopocTuTe, obe3p3mepenn CnpsiMo HauaAHaTa Ha razosata ¢dasa U un Ha
npumecute U, -

VIsmeHeHMETO Ha MakCMMaAHWUTEe CTOMHOCTM Ha  CKOPOCTHUTE
KOMMOHEHTI 1 Ha KOHUEHTpaumsTa Ha NpumecH e nokasaHo Ha ¢ur. 2 - 5.
O1 ¢urypute ce BMXAA BAUSHMETO HA HauyaAHaTa KOHUEHTpaUMs ¥ U
AnameTbpa Ha yactuuyute A, Bbpxy CbOTBETHWS napameTbp. HapacrsaHerto
Ha y (pur. 5) Nnokaspa HaANYMETO Ha LUHYpoBaHe /2/ B ABy(}asHOTO TeueHne
- NOBULLIABAHE HA KOHUEHTPALMSTa HAa NPUMECH KbM OCTa My.

MNMopaan markus obem Ha pabotara Tyk He morat Aa Cce nokaxart
MHOTO VIHTEPECHWTE pEe3yATaTu 3a pasnpeAeAeHUeTo Ha HanpeuyHara
CKOPOCTHa KOMMOHEHTa, TypOyAeHTHUTE HanpexeHus u TypbyAeHTHaTa

eHeprus.

I3cAepBaHETO € HanpaBeHO BbB BpPb3ka C  Bb3MOXHOCTUTE 3a
N3MOA3BaHE Ha TO3M  BUA  TeyeHust 3a  uHTesnduumpaHe  Ha
TONAOODMEHHUTE, XMAPABAUYHM N XUMWYHW NPOLECH B TONAOODMEHHUTE

1 MacoODMeHHWTe anapary.
AVITEPATYPA

ABSTRACT

Pasraexxaa ce ABUXKeEHME Ha ra3 C HOCEHWU B HEr0 AMCNEPCHU YacTuLm
npumecn , Kouto obpasyBaT ABydasHa TypOyAeHTHa OCOoCMMeTpuYHa
cTpysi. /ABeTe a3 ce pasraexaar Kato ABa  B3aMMHOMPOHWKBALLY
KOHTVHWYMA, Npu KOETO BbB BCsKa TOYKa OT TEYEHUETo Te Ce
XapaKkTepu3upar C pasAnyHN CKOPOCT W NMALTHOCT. B paborarta e onucaHa
n3xoAsLlaTa CMcCTema ypaBHEHUS 32 YNCAEHO MOAEAVpAHE , MpoueAypara
32 OCpeaHsiBaHe MO 0Dem M pe3yAtraTu OT UUCAEHUSI eKCNepUMEHT.
MopeAabT ce ocHoBaBa Ha A{ycKOpOCTHa cxema Ha ABydasHO TeueHue.
[TokasaHO e BAMSIHMETO Ha HauyaAHaTa KOHUEHTpauus W pasmepa Ha
4aCTULUMTE BbPXY VM3MEHEHNETO Ha OCHOBHWTE NapameTpu Ha TeYeHueTo.
HanpaBeHara cbnocraBka C OMUTHU AAHHU NMoOKaszsa AODPO CbBnapeHue Ha

pesyAtaruTe.



