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Research works of department of Hydraulic machines Peter the Great St. Petersburg
Polytechnic University in volumetric hydraulic power drives

Konstantin Lebedev

This article is devoted to research and design works of Grope of Hydrostatic power drive in
long time period 1 45 years. There are many unusual subjects of investigation what were needed
that time. Order-makers were representatives of many branches of industries.

Keywords: hydrostatic power drives, multiplier of pressure, hydraulic vibrator, hydraulic wave
generator, winged propeller
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It is known that life of department is measured by stages of research and designer works.

In this article are shortly described the works of Scientific group of the Hydrostatic power drives
of department of Hydraulic machines, Peter the Great St. Petersburg Polytechnic University (in the
past i the Leningrad Polytechnic Institute of M. |. Kalinin) for a long period i about 45 years, since
the beginning of my work as the junior researcher.

All period Professor Isaev Yury Mitrofanovich is the research supervisor i the scientist with
considerable scientific talent and very wide scientific erudition. He and Associate Professor Filatov
Ivan Nikolaevich had create in 1970 the Group of Hydrostatic powers drive at our department and
now U. M. Isaev is the organizer of all research works.

The first work in which | took part was creation of a hydraulic actuator of pistons of the air
compressor. It had replace the compressor with the diesel engine which can't work with a
considerable depth under water (a lot of air is necessary). The main tasks were i design,
production and testing for working ability check of hydraulic actuator.

The following work was creation of the hydraulic multiplier of pressure for testing of safety
valves of high pressure. They are applied in hydraulic standing up bar of the arch in coal mines.
We did not find the ready-madden machine with needed parameters. Multiplier has been created
according to the known scheme (Fig.1).

Calculations had been made, the engineering design was executed and the hydraulic multiplier
was made with maximal performance i discharge 30 dm® /min and pressure 40 MPa. Flow rate
characteristics of the valve has been obtained for various pressure and discharge.

The regime at which vibration of locking element of valve appeared was defined.

The most significant research and design work was creation of the hydraulic power drive of the
underwater-mechanized tools.
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Fig. 1 Scheme of multiplier

It includes: pump stations i underwater and ship based, hydraulic tools: small and big drills,
chain and abrasive saws, soil displacer, screw and nut twister, rope cutter and remover of rowing
screws of the ship. All this equipment has been successfully tested on the Black Sea Base and
gave back to the customer. My personal participation i designing and maintenance of production
of screw and nut twister, rope cutter and remover of rowing screws of the ship and the organization
of their tests.

The hydrostatic power drive was created according to the opened scheme of circulation of
liquid with use of standard pumps and hydraulic engines. The situation of stability of the diver when
he was forced by jet force from the tool was the main problem. Naturally, there were also other
problems, which were successfully solved.

The following research and design work has been devoted to the hydraulic vibration technics.
There was created the small electric-hydraulic vibrator. His operability was checked when testing
of vibration durability of large reinforced concrete design.

The second, more powerful vibrator was intended for geophysical surveys. Geophysics could
define availability of minerals at a depth underground with its helps. Earlier for this purpose applied
an expensive and dangerous way of explosion. The electric-hydraulic machine, in comparison with
an explosive way, allowed to regulate the frequency and amplitude of the created seismic signal
and to receive more informative picture from seismic sensors of the reflected fluctuations.

Work, which became a basis of my Master's Thesis 1 creation and research of the hydraulic
generator of waves of deformation of a flexible gear wheel of a wave reducer. It intended for turn in
the horizontal plane of the large-size antenna of the radio telescope. The mechanical generators of
waves of deformation used to this purpose have the considerable rotating masses that are the
reason of strong vibration and distorts a picture of radio sounding of space.

The scheme of the hydraulic generator is submitted on Figs. 2 - initiating block and 3 -
executive block. The initiating block i the fluctuating disk and hydraulic cylinders. The executive
block i hydraulic cylinders, which rods rest outside against a flexible cover with an internal gear
wreath.

0
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Fig. 2 Initiating block of the hydraulic generator

Teeth of a flexible wheel have gearing in two diametrically located zones with teeth of rigid
wheel which rotates an output shaft. When the initial shaft rotates, the disk makes oscillating
motions and serially pushes rods of hydraulic cylinders.

The liquid which is forced out from them moves on tubes to executive hydraulic cylinders. Their
rods deform a flexible cover and give it the form of an ellipse. Rotating of axes of an ellipse
changes the provision of zones of gearing of teeth. The difference of numbers of teeth provides
turn of a rigid wheel and shaft. The main advantage of such generator i a small lag effect and
smaller probability of emergence of vibration. Special researches revealed the high kinematic
precision of the drive. Mechanical parameters of the drive: transfer number 100, the maximum
torque on output shaft - 4 kNm. A weak link of such generator is dominance submissiveness of
change of temperature on quality of work and a pliability of hydraulic links, which create incorrect
transmission of moving. Graphs show depending of incorrect transmission of moving on pressure
and length of tube (Figs 4, 5). Photo of testing stand is on Figure 6.

Frequency qualities of the drive had been investigated only theoretically.

The main result of work i confirmation of working ability and writing of a Method of calculation
of the harmonic drive with the hydraulic generator of waves of elastic deformation.
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Fig. 3 Initiating block of the hydraulic generator
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Fig. 4 The dependence of the displacement error on the initial pressure
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There is the formula for torque on initial shaft when the transmission is unloaded:

0 Ww-Q 00y 6j¢ & T, (1)

@M T torque of friction in bearing of output shaft;

k, T coefficient which depend on loses in gearing, maximal radial deformation of
flexible wheel, displacement of rod of initial cylinder and hydraulic loses;
N T number of cylinders in initial block;
F1 piston aria of initial cylinder;
py i part of pressure depending on rigidity of flexible wheel,
A1 design parameter of initial block;
fi coefficient of friction of rod and directive rin;

Xmax I maximal stroke of rod of initial cylinder.

The technical innovation applied in a design is protected in the USSR by the Copyright
Certificate on the invention No. 377171 "Wave transmission". It was interesting work - designing
and creation of the hydraulic-acoustic sound emitter, which produce noises of screws of the ships
and boats. In that device the analog electric signal, which was written down in memory, operate the
hydraulic booster of power which rules the movement of the rod of a differential hydraulic cylinder
and membrane of radiator.

The project of the winged propeller for an underwater object with low, in comparison with
screw, hoise during the work, became new for that time.

Two pairs of horizontal wings perform the returnable-rotary movement relatively levers, and
levers similarly moved in the vertical plane relatively the house. Thus the movement of a tail of fish
is imitate. The movement was performed by not full-rotary plate hydraulic engines i hydraulic
guadrants. The autonomous pump station and hydraulic devices were located in a pipe with a
diameter of 400 millimeters.

One of the latest works T a research of control systems of a ring lock of the gate apparatus of
water turbine. There were test volumetric (hydrostatic) and throttle ways of synchronization of the
movement of three hydraulic cylinders. Photo of testing machine is on Figure 7.

Both types of synchronization showed not very different results. Application of such lock may
excludes the accident on Sayano-Shushenskaya hydroelectric power station, Russian river Yenisei.
The last project was development and testing of hydrostatic power drive for regulating of supply of fuel
in gas-turbine installation. It provided various modes of return and rotary movement of a ring and
blades connected to it. It performs like the blades of directing device of hydraulic turbine.
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Fig. 7 Testing machine for ring lock

It is not the full list of research works of our scientific group.
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Experimental study of Ocar fire. Methodology of research and measuring equipment

Kamen Grozdanov, Svetlin Antonov, Angel Terziev, Detelin Spasov,
Stanimir Karapetkov, lvan Antonov

In this paper is briefly described the methodology of the study and initial conditions under
which the experiments were carried out. The performance range and precision of the measuring
equipment were provided in detail. During the experiment the following equipment is used: Infrared
camera FLIRE40, Quadrocopter drones, Multi-channel digital thermometers TC6800,
Multifunctional meter Testo 435-4.

Keywords: measuring equipment in fire conditions, infrared camera, Quadrocopter drones,
Multi-channel digital thermometers TC6800, Multifunctional meter Testo 435-4
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(B Mssf sdzsy jdzed jIsts 2O IsjtedidsHoas2Cdlsjy | §t5C0OL Odets dzO
d ftcdlsjiyOo0Ols ModHjlsjdmlses L O COdzdstdtcOdsj i slse
190/ 12.6016.201dLHOHjded 5l Wdteds® " RdzlsjtedzOB" ¢7 . v
CedRfslsi 6 Asus i fsBshisO &0 fMjtedj dz §fstels RS 486

AdGe. 3 (1 OLfBisyjdd) dO jteditHoats2Cd fBSHGESISe §
1-He g Ols j dzj df kstlsif josi, Is @) M j-fide i isGzts d B i8I B ERBGEL £ lsde dds B 2" ©dzd |
Cdzs YOdzE O ff toj +o jtedd ISCOO tf @G ,HOaB® Ode'Os @ o j H 020 OH tzig dz@ s E T dzts, §Ish, 12
Ot RO ztcdzts -I§ @ RS, BIOF Oy dzts -Bis kst dgth Bzd zzO 1 d 2 BO - P [ 15 BO B drtizezO

B0 6] H dzOY ta ) H)ED , OO Off j

10 dL®B3jtcoOdzjlsts j dLYGh 00dz dzdyjdet J6Ode MW isk to
OteRdodtOdzj dzO0 HOdzdzdlsj t5ls dL Bjteo Odzj 5ts.
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4 BjEEo 0O fodBsh HOdbe]lk] Gl dLdBjts Odkdwkso fj odL
dLfdlo Odzjss d fj OLSdodtOls soi MaWOPRd| sgO {4 5bd o J
jCmfjtedd dEs® MO ©wOLYisdsyjdd s MojHOLO &O {dd
GOl tedOdzd &0 HEMIsOlI Ydes B j L 5§ OMdets 8OL MissW ded § . s
CjLEdksOldls] sl jCMfjtddj dls fpG te@us & dfipxysidps € dgard 2
[hdcktejd j ftjdshdd jdojSstdujmMSd ¢jdj Ot L O dls
d dLsyddyd &0 dmStO. vjtdSHeas2Cdl) MO (ko
ftosdLotsHdIsjdv d ftod MfOLoOd dqLdMCoOddwWIlsO fzO W L O
Ly dlso Odzj, dLMmdzjHoOdsy d Mjwlsd¥dsoyd™y s Stdlsj od?
sl dzi, "Mdmisjdkd LO bkfwOody dedj dz©@ &idz d Hdd", d
fsCtedlsdw

[ s{i dzdzq’ls; dzdzO sjtecBBdsHoa B2C 0O J f smMisOo j dzO ZzO o]t
tcsdzsy J dzdw Ooltsd@sBdd (Ade. 4) .

Ade. 4 (OLfds)yjdd] @O LjttditcHes2¢C0O0 -~ 6 dO -
Ci g BddL S5 MlssWh dzj§ Oolktdssdd &0 tLOL fist

1 jLBfOMmMdsmisls®O ftod M hjiMmMlsewe Odzjlss dzO0 dzOlskztcdzd W
fossdotsftsyOtejd JSdf fieted (g JHBR .1 a1 171

1 OOd3j Isted dz0 BEC sdzdzOIs O Mtcj HO

Is otejddd d2O JjSMfjteddzi dzZs©O MMy dL &3J tco Ols tMmdese dzd Is
Olsdi3sMW § tedets dzOdzv ¢ Odzj , tSlsdesmdlIlsj dzdzO o dzOy desfls, MEtstesh

RL&BjtcoOdzdwIsO MO lsydls @ddsyhp ®p € d 3 &lsdztolday d3g Guse s jff
f 5y O1e3: 19NUYI3, RIEBRSMW J cdeslathc dzO8z) ¢ @iz L OF OL 9O Y tsylsd ¢t
0 jSCMijtcdd3j dzls O, COlsts My 34 dzd dzj L dzOyd s dzdets i f
ZOKROLY o Odzj tsls 925 hPO Hts 924 hPO. 1 ttkug®lso daRj
f sy Ots.
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RL®Bj dzgj dzd j b5 O MCtsteshssO &O owili 60 (Aade. 6), ¢
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1326 h Hts h4: QAcdj GO fnlsesddphlss Isf SL2H dz0  Is j &3 jqiEaEs kicsizO
N#&. [ldsfdlj dzOls0 o Oy dsmls (Adc. 8) 5 otjdj dzO
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stsdzj SIsdoils dO MlsOdWwIisO dqLSOLo9 O MotwWilsO B EZOGKHO

Cdzj ¢ d:

1.

[CSIN\N]

W N

(208

(S Jjted dj dalsi Is defjd Gl dz@ 5 HEEsSo®B/ 3° fpwlade j efmdlsj
RO ydetsdL Mdzj Hso Ols j &zl S d Stk dzij S (vl RrRS) LO ddzsa
5B &ZOMislsO d20 GBSt/ dzOdslsj mdsdzscdd o &Osj ted Odzd,
9 delszOdzdzts ddzy § dzaj teflse ts1i .

D tesW-tc . 1 jSvwicE dl.d [Hasyf.© jHo sMis Qo j dzdIlsj Isjtedito dL C
10 Ctsdzjetglsdidzy . H [ ITf e PHEBEOOISjdz 9 ¢S OHJBIJW dzO [ 1t ,
ftojHsMisOo jdadilsy Ijted@sHoB2Cd d dL d&3jtco Olsj dzdzO Off Ot O
1dLOadMddBO yYyOMmlsdz® OB BKOIsstedy A PLUSnch.cDQ@q’uqi]’Wq’lss
fts Ctedbjted? "tjOCydw dz0 tcéi d", AkzMmbts2ydetsmls dzO
[JsHjd AAjddsi 6 LO dLMmdzjHO Oded W d JS¢mMyfjtlsdL dh ]
BJLBYOMdesils d L OO dzO© dzOMmJ dzj dzd j Istshi

10 10yYOdzdzd € © dzO0 wdeegzO Rul rRUz§jo L O BteeOdzdL OydwisC
L O dfiptew 0o Odzy dz2O0 BJj L S OMdzesMislsO fted ftetsoj yHOdzi dzO
] dlsj 6Olslztc©

JibsHduimMits i CsotsHMlsots L O EMlsOdzsow o Odzi dzO { tog
11 RISV YL, wBWdw, 2007.

. NEPA 921 Guide for fire explosion investigations, 2008.

bl dzse , -SljydAtyy HOtOCIsjtedMisdSd dO OoalstslstcOdzy Stell

1 Oz yfidtsd dztsy § dz ddemisdIskzls 117371, 1998.

. Computer Modelling of Automobile Fires. Chapter 9.2012.
. Johan Mangs, On the fire dynamics of vehicles and electrical equipment, VTT Publications
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Sy jtedd3j dels Odzdets dL Mdzj Ho Odzj L OdlsFiilssdz®. f Y O
d OdzOdzdL d

SO dz | teSLHOMSe, wojlsdzddz ¢ zzfdesatf Ofted j Az v j oL d 4§
dlsOdzd 3dtc s OO jlsSCso, ROOdz ¢ dzls s dzts @

J cOBBISOIO | GfdMOdd ®&BilssHdSOBO dO0 dL Mmdzj He Odzj
sjrdd¢O. ltwdoejHjdd MO dvitd i §odkkzydddlsy tjLkzdls
otcj 3y dz2O Isj kB jtcOlskztcOIsO ftod { tsx0Hcts fold fipO odzQ ddselgts digts 1y
dLiftsdzL o 0dzj O Ho O BjIstsHO dz2O0 tlsydlsOdzj Ists d.

RLMdzj Hoe © My 9l L sy desMisls© COIsts otcj d3dj od ddzlsjtco O
Mi Minded OolbtsBisBddzd, HtsHf Odzo Odzilsts d dLGEOWdzj st Kiz.

lwwdojHjdd MO dqLoaBHJIs] LO wOLodIsdjllsts 3dpQlzd § s d&bs ©
tojLEzdzsOIdlsj .

sdzs yse d :HUEHdsH Ote dzO OolstsdissBddz, J ST jted i dzls Oczdzts d L
Experimental study of Ocar fire. Result and analysis

Kamen Grozdanov, Svetlin Antonov, Angel Terziev, Detelin Spasov,
Stanimir Karapetkov, lvan Antonov

The work presents the on-site fire test methodology and the measuring technique. Some of the
results obtained concerning the temperature distribution during a fire at a specific measuring points
of the vehicle are presented using two different reporting methods.

It is shown the way fire moves to adjacent car over time and when firing and burning of the
vehicle starts.

The conclusions about fire development are made as some practical applications are
presented.

Keywords: car fire, experimental study, fire development

jLEzdzsOlsd BIs fteseojHjddw JCMtJtedd3j dzls

fjtedd3j dz2lsOdzdzdIsi dL Mmdzj Ho Odedw Mo oL Oded ) @& tstej dz
. 2017 E. © 12,58 yoOmo o fsddecsdkd o fm. [ L jds
f sftcj HMis ad®OB s UsalmBitc WOdzj2izsd dz ) S dzi H fd Bz dzd te ©
jdz B3OS zy. wdziH LOYOdzo Odzi dz2O0O HO G OIS dzdedwW Is SIS
sls o9l LddCo0dzy dzO YOO Mj dzOBdzE HO8 O L OH(
3 dzz Is O § dztzk® dzfs igts DS 920" dzOH C Of OC O dzO HoadG Ols
fsCOLO0O, Y J BettOddyd deslsts Csdzd yd mMlseo s  dzO

LO wOLfftesmistcOdzj dzd jIsts dzO@ L Of Odzo Odzj Iss d o
szted oemifn taondtfsg HAMe Ols BMdeso Odedjy HO M o HT
4 dzv o Odzj dzO cstedd&zdd BOLjtedOdzd © Hodc Olsj dzdzd
ftojL sjrdtsdzsedydedlsy tlotsted Ci &3 Sk jlts dzO
d4d .

10 otejdBBilsts lsn,10f tattse j2HOj dadils ] dv Sz ts5 BYJISO HO M
i hssts ®B"Mists ftsH ol LHj2Msodjlsts 2O ofti MCOds Ci
Ho G OIlsj dzdedv tslsj ¢ Htcd L Obeowtcjdz COfOC dzgj HOO O tojL
fsodh Oo Odzj dzO Isj dstf jjteoieulisdizvic GssChy jo€ .H o d ¢ Ols
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vizjH fsolsttdts LOfOdeOd MM M "skks SCtsddyjmsst
fdz Isjdz Mi ) MESEsmls O ©COLM/acshisteOds dzdj §sojyj Gl 5

Pesyntat oT Tepmogeoika Nel (geurateneH
OTCeHK) B HAWanoTo Ha TecT-noMapa
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toOLfsdzsy jdzd jIsts dzO [s] cftca® SR O feslgys g ¢ 4] . U oo
GOLtso jlIs§ emi thi thpdzjlsij fSso lststcdzslsts L Of Odzo Odzj ©® L Olso st6j
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Ade. 2 RL&BjE]dd Isj i jtcOlsktcd OdsoHsdeg O I€ OdFd2EY &

1 OB dz* HOD Odzd HH 2 MBOH®: MistcOdZO &O dzj S % Oolstsdtse dd
%O BdecOoydlsy. I} &ZOMsBOMOLO &O MisteOddydksksts ¢ dj HOdds
SCtdts djets Mihts j Mty jdd. wistfjd | HiphddEo s d
OCobtdseddO. 1}t MCcmEHlsfokd belkikec® & &BMNSO dO Oolst|
oo BBjlsts dzO L OHI 6y Odzj dz0 dZOYOdzdzdw MEOH G2 2O 1 55 Ots(
fj otejdBjlsts dzO L OHtE ¥SO 2O ©OLodldjlts dzO ) OLO ol

HzjH (swoOlO dzO tcid o LOkottk) dsksts {§tshlstodmls
GOl jtedOddlsj (Mlsjdsd, MjHO®RLO d HiE.) oBHWI HE
fsmisi fo0Oh ftjL kjndsdscdyddls] thotted dO Cttf ki L
LOfOdzd ol b®j taasib " j Mlso o ON dlsj OIS ted Odzd .

1dCils dz0 Isj s j cOlkicOlO o Lidfigslk ®lsL @ Of idls ded 4 & d & 0@

17 dgh zOlkO (o) eodsils &O SOFOCO dLdBjtej O M Isjteds
slsydlsO Mtcj HdzO IsA ekl p &-Ee g jedp Gfbazr Mtcj H dz0 Is | Bt Ozt
LO ot d3j lsmick sEds flBo sStdslsts L Of Ocdzo Odzj .
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BXL #='Max 183,1°C
Min 13,9 °C
Average 28,8 °C

Bx2 qut"s'/o,1 °C Q

Avirdge

CMd BOwEZO kj &f jcOk® O ol th dasf
JiC dLBjtej O f ddMteOyjtee j O C OB &€
v

] fi LHOddwY M ftsyjf d&O cstjdi, JLltydds Eo o]
SlsHjd" o ©jLbdkOk dO t©jOSydqwiso 0 cttj djlst.

[jrnOodzdL B s LO oi LdzdCo0dzj 20 tOL{tetsMisteOdz) dzd j sts dz
LOC dzk YO O o MmdzjHdeslsts: fsH o LHj2flsadjlsts dzO dLlssyc
fMdzs2 20 &OlsjtedOddls) dd Sasjfisjshlsdz@isd, f odte Hj MistekzC ydw
SBOL Lo Odzgj sts dz0 OJ tetsL sdzdzd fdsd Md, Ctdlsts M M Misswis
koi tHdlsj yOfmlsdyd ©ls ojh jfMsoslkts d &OkjwdOddlsj. uvol
esteddi3d M3 Md MOt ftedlsk®e,) H]jdjdd IsjBfjted

1o M {smMsOowds 20 §odkyj 0O Isj &fj tOkkeds iy
600Ay ftMisOo j O o MOdsd i bddyd (Adc-15min H)E i lodoC
B j cOktcOlO &0 ol L P4ROEIOR PSS dsls ¢1dBOm d, fj H OdS O
sBtstekHo Odzd Oo lstsditss g dzd Is j .

Pesynratu 3a spemeTo ot 13,42 no 14,05 (64min)
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Cstejdj (5 dicsodls) (ol tndesflsd. 4 Bkdhslss d&Okss Ot
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{5y 00, COCkts d Ssddyjmsecke o bl MOV BEedOYdd. d)
shdese dz0 § o difdeds®@ i gy qflisj dzdzslsts otej &) L O ¢ sded dzg d fyfts Cebil
sj &Y j eOkE® (AdcE. 5 O d B) .
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B) Uj B jtOkztcO® 5l jSMfjtoddjdls dzO IsjtodssHo 526 0

1 OB dzs HO9 Odzd 91 dzgh dzd ( 5C OL Olojdded] j tts ez § Oifftsiytaiefazj ©zB L
SBESEYWdZ HodEOjdjd Skj§; tBesttwd ftjHjd COfOC;
d Ott®kOlkztcdslsts IsOBdzts; ©BEOLWdz dzO BSWISO dzO f toj H dzO
CERO d dzOyOdzj dz j sOf dz0 ©OLHYAdO@dzj &O Odzz Bd dzd j o Ols

lted Mftewdz OoltsdsBdd, §d&OK Cils Mj TLOL fns s td Adarded
SBRoOh Odzgj @O Skijkts, HodeOkjd" d BOCOY ZOM.O s
[SCBdyOls | dzdztslsts HSGOtW dzj dzO 0o lsts BEEPED . fiyju sk ¥ 0wz ¢
Oz dgdfjda dlsj HY Odzlsd j o) L Bsydats Adsd Isj B j eOlsktcO dzOH €

O dzOdzdL 2O toj L zdzsOdlsy tsls jSCMmf jtoddsj delsOdzdedIsj oL fydz
I sHsdze MO i HMIsOo jdzd Ghdeseadedlsy dLotHd ls ffese

dL Mmdzj Ho Odad W :

U ¢dzOdzdL i s fs5C0L9 0O, vy thdssddw &OBEH cGOISJO8d Adz IsjiO
BEhtsded (Adcec. 6B), bOfdydittdwlsO dO MijHOESdI] d of
sls MddalsjIsduyded BOLjtedOdzd d HEZO§tejdz. vjLd dLHJdzd
ctsted &3 dOIsj ted Odzd .
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c:

1 dzi sdztsfplsls© dz0O L OHd d3Y 9 Odzj d ) tcjLEdzsOl s od
ddzlsj dzL d 9 dzsflsls© dzO ¢ OL stsB d3 dzO. Vo4 dzd yoe Odzj dO ¢
fstcOHd ©WOL dzd S O®Iste Kddgzd yi kst M BLOLEZOIO o LB
Cs2lts Mj lsHjdv ftojL skotstedl @O fi sdtslsts ftojotstL
U ssdemMlstczCIsdodes ftejHodH]dedIsd ceBteddsd Jdzj o3j delsd o

Mf OHOl C1 &3 ctelzf OO dzO Isoi HdIsj ¢ Bizdzdzd z igzts g 'Y O dzc

Me dzsdzdztsils €1 5 MOBso i L §f d&zOd3j dzv & Odzj . Il Lf dzOd3j dzv & O

ol LBy dets jHJdzMlse jdets fsH ol LHj2Mlsadjlsts dzO dL Istsydz
0 [byjlsj dedlsj Is | B0 OtATs ot dp  305iPd S d Mdzzyod j wWEMO
soi teHdlsj cwteddidd BOIjtedOdzd o Htoj o 5L dzd Is jo iy jdpChisle O
Yyomls tsls BOIjtedOdzd ls tteeOdzduyd dz ftsdLatsH M MO

BdzOetsftedWisdzgd Efmdzsedw L O LOfOdZzoOdzj d MOBsL Of Odze C
ftojsa detslsts Mtej HMiso 5.

a ftcjosLded MicjHMisoa ®© MO hJqtesC s -dtsty is dzdz® © gz d @ dfdn.¢ L
nOttOCIsjtedL dJcOls f o dMs¢ O EmMlss?2 yde sfls dzO sci dz
OolstsdisB d dzdzOIs© g EMlstcdw oMy Ftojud My dLfdw oC
li fejsagO,l afmdysd Isj dd&Ol ddmSéts Mmi fteslsdodzj ddy 1§ ts
CtedlsdyudzOls© Isj B j eOlsEZtc® dzO Mmilsi € dzj dzd 9 &zOC dzO  §
dLftsdzL 9 0dzd o Oolssd@itcBddzd ¢ Ot L sdzOydw Mmi hts ddiOI
Isj B j cOsztc® dzO jidz dzOl BBAKCEZ dz@tfjta d Isj & j cOlskzted MO |
oMWCO LisdzO dz20 Ijtedzdydes o dzdwdedy Hted sy Ot o i Isdz
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Characterization of a wing profile for aerodynamic compensation of road vehicles
Yasen Tsvetanov, Angel Terziev

The aerodynamic drag is one of the significant factors influencing vehicle behavior. Its
influence grew substantially, with an increase in the speed of movement. More than a century,
engineers trying to reduce the impact of the air resistance, through the use of a more
aerodynamics forms. Is it possible to use the air itself to reduce the aerodynamic losses? Is it
possible to develop an aerodynamic compensation of the all resistance forces acting in motion?

Keywords: Wind airfoil, aerodynamic drag, aerodynamic losses, aerodynamic compensation,
aerodynamic forces
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M2 dshisls® dzo
fesWdd fted ©OL dduj d
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v OB dZdyo 1
] sHj dgdz@ni ftetslsdo dlsj dzdzO Md dzd

v OB &zZqRYy ©

GOE 428, sistwdzshdaslsdy0dzj
) vV Fy Fx
km/h m/s N N

1 10 2.78 14.17 0.01

2 20 5.56 56.69 0.04

3 30 8.33 127.55 0.10

4 40 11.11 226.76 0.18

5 50 13.89 354.31 0.27

6 60 16.67 510.20 0.40

7 70 19.44 694.44 0.54

8 80 22.22 907.02 0.70

9 90 25.00 1147.95 0.89
10 100 27.78 1417.22 1.10
11 110 30.56 1714.84 1.33
12 120 33.33 2040.80 1.58
13 130 36.11 2395.11 1.85
14 140 38.89 2777.76 2.15
15 150 41.67 3188.75 2.47
16 160 44.44 3628.09 2.81
17 170 47.22 4095.77 3.17
18 180 50.00 4591.80 3.56
19 190 52.78 5116.17 3.96
20 200 55.56 5668.89 4.39
C, C, S,,m’ S,,m? kg/m?®

0.7653 0.0079 4 0.3 1.2
[Mdzso dzd R OLOCkjtedmsds d dzO € tod dzdzd W
GOE 428 - Re = 400000

Alfa Cl Cd Cl/Cd Cm

-1 0.4463 0.0104 42914 -0.111
-0.5 0.4987 0.0098 50.888 -0.11

0 0.551 0.0094 58.617 -0.109
0.5 0.6038 0.0093 64.925 -0.108

1 0.6535 | 0.0087 | 75.115 | -0.107
15 0.7147 0.0076 94.04 -0.108

2 0.7653 | 0.0079 | 96.873 | -0.107
2.5 0.8146 0.0082 99.342 -0.106
35 | 09116 | 0.0092 | 99.087 | -0.103

4 0.9609 0.0097 99.062 -0.102
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Numer i cal simulation of wultraviolet germici.d
approach

George Pichurov, Jelena Srebric, Richard Vincent, Stephen Rudnick

The efficiency of ultraviolet germicidal irradiation in a ventilated room is numerically simulated.
Air disinfection is achieved by UV-C lamps that collimate UV-C radiation horizontally under the
ceiling. The flow is modeled with eddy-viscosity models and the pathogenic microorganisms are
model ed i ke solid particles usi ndm taltwdatesLtibea gr an
accumulated UV-dose and the probability of inactivation for each microorganism. To increase air
mixing and help transport the microorganisms into the irradiated zone the room is equipped with a
ceiling fan. The simulations and efficiency calculations are performed under different fan speeds
and blow directions. The calculated efficiency is compared to experimental data from a climate
chamber.

Keywords: CF D, UvaGl, Modelling, Léagrangian met hod
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HWdzZ Is ydLdzj M smise ded d36 Yitst to i@ defridglsd IsisL s ftcd dHJ O
olsstets, HBted ftod odMtsC O Yztsizy Olgdzpo tafiylits Y te@H @y des J L |
B3d C tetssted OdzdsL. df . sMisOlsi ydzedw ddi3 HWdz tsMisOe © dzj dzz dzj o .
Cevwists ol Lftejtfwisfiso O ftoj desMO dzO BdSCtesBtee OdedL d3d €
sBJLLOtOL WIS, Is IsOLd fteduddzO o HLOCISJEOSO 9l LHLE-
JWitCl J Odefalzjfgdz Ho ON diIsj MdBzddteOded toj ¥ d di3d.

tdxdd3 4 (1dMsC0O 9o LotsHwh @ MEtstetsfis 1dzOls U dislst faf d ¢
tcOBBISjhdwis M adMsCO MEttsMmMls o) dzisd zOlstste 6j dzj tsdtcO Is
fesd3ihjddilts d ftsoaodh 000 o steWHI . HdW¥ELIJWISO dz2O d3d ¢
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1 wOod of juOldzj dzdj thkzf)f d®0 ssOBRO dtsHY &z MY tow dt
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Yo O wOLd&Zd¢ O d HJj BsdhistcOydw da@xt@ydy L Hice hHigs sls ¢
9 j dzglsd &zOIststc. dtcQo dzj dzd SISO L of® L fiptfj jipdscets] dzlslzO Hfy |
j CIsdo dztsfisls O dzO SBjLLOtOL W9 Odzj , CsjlIsts d fmdzj H 1
d dzL d o dztsfyls, ted MY . tcOL d3j o Odzjealizdb@® dREHIJW IHT @y disls Cls
Blzdzj dzlsdzd ¥ cytsH OB OYd M JHdztso toj dzd dzdaB dzO tzxefig P iy d EHadi
toHd dzOIsdzO0 MmdMmlsj BO.
dd&z 5 (1 dMSO dedLrtsHWwWh O MEtstetsfils O ic @b gzflzgzd jdz
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Air flow modelling through prototyped device for measurement of fine dust particles
concentration in the atmosphere

Martin lvanov, Sergey Mijorski

It has been documented that the main problem with the atmospheric air quality in Bulgaria, are
the exceeded concentrations of fine particulate matter. That is why, this paper presents an
innovative measuring device, designed to raise the awareness of the population about ambient air
quality in the urban environment. The specifics of the project require modelling of the air flow
through the prototyped device, in order to improve its performance. To achieve the goal, two
design versions of the covering box were assessed. In the first one, thereisaso-cal | ed HApr ot e
c a v il tayrée volume of air prior to the main sensor position. In the second design, this cavity
does not exist and the sensor contacts directly with the outside environment. A comparative
analy si s of t he t wo variants i s represented by
visualizations.

Keywords: computational fluid mechanics, outdoor air quality, fine particulate matter,
measurement devices
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sfstejH MEBsh jd2 HBECEZOH d@O0 o jlstso dzZOSO L HtKOs dzZO 5
JideOth’W ZdsdtcOls ftojyHjotej dsjdedets dzOH 18 000 HEMJ ¢
Cts2lts Hdh Ol ftejL YdoeslsO MmMd [7]. sOyjmbeaslts dzO Ols
My Mdzind s [dddhlsjtthMlsoslss dO0 CtdzddlsO MjHO d o
zOB dzt Hj dzdd, SCtdestetsdz d dJdaW stedZOydw. 1 9 ftejCd Itso O
otcl LCOISO BIYHE LOB temMweoOdzjIsts dzOPQlel LHERO ( LHtg(DaJls

) e HdYO HEG@&OHYUMHHHO o jHBNMISs O MmJ fsmtsye O, ud
COyj Msosists dzO Ol BsMW jtedzdW o] LHER d20 dzOyd sdzO dzdets dz
Wdded fteOrntsead yomsdyd (aAly). wfistejH Jjotetsf j2MEOKO M
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LOj B0l i tcodlsj dpEshMe@masC@o s @ j dz dzO L Of tOh j desfyls. 3
HOO [0t j2MC OO CudRIMdY otHd d dzOC OL Olsj dzdz® f 85y
&ZO 2015 é. Jj o9juyy o MiuHjBdd WOLO [9].

AlY MO BfOMdd LO LHtOyjlks ddoj - iaciOls Oo @ly difsH te@sLs sdzf{ls
L OBtsdzV 9 Oded W s StcjH HOddzd sy d2O [ oty j2MC OSSO BJ dZSH
LOBBdRW o OdzdwY MO ftedyddzO® L O 1/ 6 s BhH OlsOdO) dgdslsizs i
LH©Oodzd Gtesedzj B, COSCkts o [otksfO, ©OCO duj dz® ¢

flstcOdagdejjdzC d dzO [ ot j2MCdw i sL k®kdteOls dzOH 600 00
omMWCO esHddzO, dts Ml hs d, Y4 MihimMseko O ttdMmMs s
Mdzi H dL ZOcOdzj Ists dzO0 oadMsSdlsy dzdo O dzO L ORI MW o Odzj dz

1itBayddgs HO MJ ®lsBijdiyxd, i o Mejlktse jdz d¢zZONM OB d

BjyHEZ 1.5 d 2 d3dzdz. M3l telsdzd MmMdzzyod, Hi dzy O d My
ftsd3d h 4 dad w . 1doslsts dzO L O3 e dztsfls dz© OlsdzsmW j teded W
COyj Mo slsts dzO oA hBlIOdEE JlsOBHAEZdls dO L Olsste]j dzdlsy
Mz yOd, 9l 9 9l LHERO 9 LOkoaste]j d&zZOSO MtejHO GtodMmi Mise
i 4 Hddzj dzd v, cOLGdzj yHOdzd COlts LOB tmdlsj dzd tsls t©OL
dv ¢ sd Bl sjLd L Od ifsfdgdgd sy e dsin@fdulssd ) IfEs? desyls o, ¢
fted ol dzhdzdw ol LHEZR. 1 , $OCkts d ELF MO COkjcetstdy
fsd3jh jddw jJ hddd s tojH ttdmMise WOCktste LO ol Ldd$ o0
tsls sfr]du‘;cf L OB sdz2070odzd v s Mo jlsO

RLAGSY jdslss HEt k¢ fsCOLOO dzgjfftej Ci MdzOIsOISO dglzy H
ddex § daj tGdz.q’ i jdzdv LO YBHYBRBOGCOd tjh OoOdzjIsts dzO {1
dzsod, NdtesSCts HBMIsI fodddn s OH A ds toldfd ePHEHzts Mils 5 slsdash §
z0 o9& @dzd W ol LHERA. RA3j dzgdets Iss9 O § d VyJjdzsDH@O f{t
Hy BsdehMistedtc® dJdeso Olsdodes tejh jdzdd L O fmsodhjdzO ddaW ste
gL &3 tco Ols j dzdets EMmlstets?2 Mise ts5, COClts d HteddzOcOdzj dz0 M
stflsd BOdzdzOIls O ts@EsR B o dz® tsiz )

Adqded fteOrtsod yYyoOfgplsdyd d ysejhCtslsts LHtOs j
#l ¢ dzOfdzs 1 OtjHBO ~ 12 dO [ ddzdMmlsjtemlseots dz0@ ¢ tsdzdzOl
dzO LHtcO9o j 5 OL 9 Odzj Ists, 9 tdfkBdzdC O 11 dzg Oted W ho 1
Mss2desmisd L O Wddzd fteOrtsad yomlsqdyd:
vsoOBd&dyoO 1
le®sod Mists2desmisd L O Wdded fteOatsad yoOmlsdyd o

Addzed fcOatsead yOfmsdydmm( ey di3j 6 HEs 10

l 600 O Mists? [ sfbkMmlsdd Btes?2 ftojodh O Oded™  ( f
TR 50 ng/m’ 35
TR 40 ng/m® 14 M HBsfbkmeo!

Andded ftOrntsed yOMmisdyd mip @)Bjte ftsH 2.5

[ sfEmisd Bt 5ls¢ [ sfkEmisdd Btets? ftojodh Oo Odedw  ( f
d 41 30 ng/m® 14 Mj HsfkzmMCO! *tls 20104
b1 25 ng/m° 1J Mj HBfEMSCO! *tls 2015¢
d 41 20 ng/m® 14 M HsfkmMCO! *fmdzjH 2020

* o ftej HHigsdzts dzts h dzO
* g iifmtej H dzts ¢ tSoztE[ts d
*1 OtejHBO ~ 12 d20 [[wl d [y Ci d

[Bhits CdzdyjmMsots f tOnR

1t Hj dzdzts H 1 Iz s [ dis®dzth) e gz 3

Csdzyj dzlsteOydw 0.25 mg/m

ltojHj dzdes Hisf ZMmisd &3O Mt
Ctsdzyj dzgsteOydq v

0.15mg/m3
*1 Otsj HBO L O dLdz. d HBY.. 8029
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sOClts Bj Mytsdj dzOlsts, Al y MO tMmdese jdz L OB temdlsj dz d
FotcjyHOdz O yYyseojhitslsts LH©GO? |, ftcd dL d&zOe Odzl dz0
~ddduyudedw fi MlsOe dzO@ YyOMmlsdydlsj, C0O0CIkts d dzO Q@mymisitcs d tc
Ml 4 Hddzj ded W, C Ols 5- difsmdzjdztdds,tsteff1 & Htckzcd. {Is L dzOyg dzd .
o M JicOtstedzOIsO MdMmisi BO, ol ternk Ctc2lts fMj lsdzOeOIls Ml
I sjHtedlsy yOMmisdyd Mmj L OHI 60l o ¢ dslfdfzdls g~ QBndzdzd] d
tcOL Bjted Mns A1 10) HBMSJEOI Hts 9 stcjh dadlsj tsted Oded o

HS EZotejyHOdz] dzO ki COdzd-glzo fyls s lszddzdzcH tcfsiBdz 9 PBsC d dzd
Hj Yyolso d rBOISO M ~"tetsdedyded B J dzsHtctsB dzd L OB tsdzv 9 Odzd W

LMIsOdztse § dets  § , UJ deffydiso dz@ls W d ded st usOrntso d  yOMmisdy
Ols Ml jtededw o) LHER, MO fsdkdh dzj deslsls O, jdzjtecdjlsds C
2ZO kol teHd etttdoaO. 1 tOLd&dJyddls] ticdtdd dO 1 dcOote
JListsyddyd &0 LOMi thve Odzj S OWts -ads@®@A o5 dz® P s d dgj tef s to O dzC
sl ddlsj dzdedw fj L sdz sMmdzeseodzed dL Istsydzdyd dzO L OB temw o C
soi tcHd cBtedoa® o BdkO d o BBEZOMKO dO Jjdjtecjlsds o
kteOW dC. ltjL Meodw djlsj dshiost sipsdj dd ¥ |s © o bzt Gis ¢
ds jWjiSkil fMj f§sHmMdde O ©l d&sh0lkO fi lkd0 ddittomnlst
ACOdzdzgd i, dzj L Olstej o jded f dztsh (.

l tskyo Odzj dzO 1. 1dCsdso O d € sdzjcs. ls diots S QLLOs] 6 i) REY A
dZzdo O dz0 L OGP sy j todzdw ol LHEAE MW & Mistsdzd yOlsc
9l 8 1 OttdzO d uwlsOLO ) OetcO®. | jtetcOWMEBlt ttOL ff sdzsy j d
COLMj200dsj dzO LOK tehmdlsjddlsj, fttcOHd LOlotste) ddw o
Mi st fskys Gasi tePdastsC sy ) Misdzdlsj M dlsjded tyjdeo
fMejHO CObts AfMtjHdsA (fsCOLOjd: 3,1 6l 5), CObt
flsjtfjd O Mol teL Odzsfls dz0 dzOMj dzj dzd jIsts ) tsBh j fMise j dzO
ptsHd o MistdepyolsH@ishjo o oj ydmlse Olsj dzdzd MsOdzydd, Ctsjlks
Z0 slkfOHdzd otsHd oi ternlz AL jddedid d dzjL Olstejojded  dztsh g
MstcOdzO O dg" KO W JydOdde HOdzdzd L O SCtsdzdyj fmse OO j
otcl LSOO B Ne1@dzjLIOER dg@®)W ol LHERO d LHKOs jlsis dzO0 dzOMm
AGreenpeam®Otcdvi MO ©OLwOBEISdd] Jdtss Olsds dzts Isj A dats d
kst d § e dj k.

ltiesjClsils Al cOatsBiGY ydh

Al tOAtsBtotsw ydi J ddztso Olsd o j dz ftetsj Cls,-1 1 dedO@ tasdMBiis Is
(www. greenpeace. org/ bulgarial/bgl), i o d3j Mls dzts i M
At sBBSlsj o fi (www. robotev. com), Cs2lsts d &30 L O Yyg
ZOMmd dzj dzd j sts ®lsdesmMdzes COyj Mlsoaslsts d2O Ol@sMW jtededw o
ftod HZOG O ddalBpiPdad] o dz@® Mc dzsB W & Odzj d ddzimls ©dzd tc © dzj 4 d
AdzOf tc©Oad Mmd MOMH, dzOtej yj dzd Al cOntsBtosw ydi [ 8] . U
dLBi o O d MitsHjdv Mss2dsmisdlsy dO aAly, o BddL Ml H

litoadlsy 25 §ddzslsded Af tcOndz® te@®ER OA ts DS setO WO HY dzd 1o (
10etstc® d tojedsdzO ftojL BiMiy ClsRBaoted 2016 a. s C
gL i3d toj ded Mst€ d Mists2 desMmisd dzO L Od3l temw o Odzi dzGs dzjLdgd2= O
CGteOH wuwtsWdw. wdzjH CtcOIS B tsBEZ §jddskjv,0 Osts Bt g fdidDjls i
slsCtedisdlsj ftosMmistcOdzmises O € 5dzts Htso3tsocjlscj md. R dzMmls O dzc

BdLYdqudzO ddzlsj tedzjls Bt O d dzO mMi¢d Cti ¢i dz yoOMm
[( 14 Hdzj o dzts, gL zsd tej dzd Is J fnlsls?dzsfr]lscflss Oaﬁmd{m%aﬂ@dgjsdzlzcm
CiHjlts Mj M "tcOdzv 9 Ols, BtOBBISo OIS d o9dLEZOdZJL JteOIls o
| ZsB OdzdzO O vyjdz &0 EMsts2MseOkO j HO MdedOddL d
LOM temMwoeo Odzgj dzO© o9©i LHERO ) Al Y dzOH ®fitcjHjdzjdedls] HIB
dzj ftetsW j M sdzOdzdzd, dJLGWLOHjded MO 9 ternlz BGlsatstej dzO { dzOIs\
MO dLyvdts stedjdsdteOdd S & cLOyHOd]l)], O da S & o
slsydlsOdzi dO Aly f L BMEPGRRYHELIOCAWOF ( Shadzpd 4
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Cogj efnd Odzdzts HtsMisi § j dz 1 Of e Qo j dzd Is § Isj Mistso j fl dzOB t
dL d&3j tco Olsj dzj dz EUSHjOHO MITEh eprDRO  Sci enti fic) fCOLOOI Mmna
9 MisjtfjdalsO® dz0 L OftcOh jdesfls dzO MmtcjHOLO. 17 flt) Cff st
Emistes2Miso © Isdf AdzOfteOoad Mmd MmO, gL d3j 6§ dzdIsj H O dzdz
Hisfisseo jtedzd d HJtej Clsdats MtcOo dgv 9 Oded ) dZzOB tstcOlststedzd d dzd

ltejL Bifgjy wdzkeOted 2017 6. MO dsdasdtcOded d Qv $ t5dzS
RZO wtsWdw, COts jHds Gls kwn | dO Isj tddidstitedvw s @ tedp® i dsj
MedztsB jdz  ddzMlsOdzdteOdz tsls jSC IO dzO Af OBtsteOlststedw
sofia.bgl/), i s dgj Misdes Mmi i ASmart Fab L@&Ybd Is( hdz@ p
LOhN JlsdzOIs© CEkIsdw j fid LjHJOSG ol tsvis taotgzn drizj o . R d34 dzdzts L
Emtcs2 Mlsoaslsts j B Sl dO dL Mdz HSOdZJ o ftojHMIsOo j dzOIs

AstedBOISO d odHi s dO Cklsdwis z0 Al cORtsBtosw ydlsj i
ddzs j cf tcj sOYyde® B fHiiss®iBdlsj q’ i, Stibkt | sMmdase dzO
ftotsd CIs. | &zOodedlsy Jdzj d3d dzlsd dz0 EMmlstes2 Miseo sifts, dis@lEEHz,
MideL stei Is L O Ay, ojdlsddzOlststci Is, BOLjtedWlsO d ¢ OBJ &
{ Hd dzMmis e j disdsds] Ejndz Mj dzLr steci Is L O Ay d o j dzZlsd dzOlsstei Is
ol dzh izOIs O Mtcj HO. 18 fMi s OC O, l yddz ftojydL dtcOdzj
ftosdLotsHdIsj dzvils dz20OdzOec O MYy Jj ydWw q’udzO fsLdydy dO0 dBsdzls
dzj ¢ ts, Cswiss Ml )] s B8 @OHPOEZB.] v O L dZOyYyOs O, Yd
Cklsdwis® dO Al tcOntsBetsw YyoOR j Cdz¢ ytse WOCIktste LO tsflilsd
sBkmMdzOew yjdzsO®O d LOHOYdIlsy d2O0 ftcj HMIsOs j deslsts ydmdzj dz

Ajdz dz0 ftejHimlsOs jdetslsts (L fdzj Ho Odzj
AKjdzsO dz0 ftojcehlsOOpEROREO | HO M dLMmMdzjHea O oi LHEHN

o 0tedOdzZs© dz0 fJtoslsslsdf JteOdz EtejH L O dL d&3j tco Odzgj dzO0 € s
OlsdsmMW jtcdzdw ol LHER. 10 fMmisdcOdzgy O yjdzZsO e dL o]
BjlssHdls] dO dL yJOpedClsqy dedad IsVaizig(jHad Is j .

RLMdzj Ho Odzd MO HOoO o90tdOdzsO dzO HJL O2dz dzO L Oh s
Celsdwiso § ftcj Ho dH j dzO Is. diO th) o SheLtH jddis dz@ B jSdg - pdz@iH Iz A
fsLdydtsdzedtcOdzj sts dzO tsMdzso dzdw M dzLr ste. 1 ted olststedw o
My deL stel Is CsdzlsOCIszoa © Hdtoj Slsdes fp ol dgh d&zZOIsO Mtej HO. ot
d fteiuMmlsOoeajdz YyteiL odLEZOdzdL Oydd dO MEstetsMmisdd § tsdzjls

[ dlstsHd

10 yddzdlsjy dO ydmdzj detslsts L mMmdzj Ho Odzy J dL§fBKOs Odz
B rOdedC O d2O0 W dkzzdHdIlsj (CFD). 1ltsejHjded MO Hoj MmlsOn
Zz0 McOo dzdlsj dzj dz 0OdzOdzd L BiyHEZ HOoOIO o0LdOdzsO dzO |
MdBzd&zOydd j dqLitdLosOdz0 OHOfIsdiOdzO tsls ENGYSE (www.
CtsSHO LOpenFoamE (www.openfoam.com). ydfmdzj dgdw s d3tsH
BOLdOdz dz0 BjlssHO M EmMtejHdzjded 4 2dzsdzn mtse d -wdzOff te g
skztcBlzdzj dzls j dz d©gsH jdz SST (Shear Stress Transport) [ 3

10 HtMisdecOdzi MratHJBsMIS dzO 40j0Q daffl¥ JsOO Y] thMesd vy
BsHEZzdz si mpleFoam [5]. d4dzjH bteaO® MO fHttseo jHjdd HBHI
d ftjydL dteOdzj ZzO0 slstdzsdzy dzdwvisO o Mists2 dzsmisd sy dz0
ltej MW IsOdzj Iss d B9l L 8 Odzj Ists  dzG di te @aafzj dgd Wiish) hLiGnisfp §
Odzé tstedlsi 3@ ASI MPLEGR. ] SHictsB dzgO J dz sted3Oydw L O Odz
toj ZOCMOyYydw dzO tjh jdedjlsts MO ftwjHMmlsOojded o [ 6] .

LdtBjbtedyjdz ddsHjdz d ydmdzj dz0 HdMCtejlsdL Oydw

RLYdmdzdlsj dzdzOIs © tsB dzOfyls J H j W d dediftdcOdis@sdsw{O dzd o | Bl j A dz
gL &3 to Odzj dzO Ctdzdyd Msotslsts dzO Wddzed HtOasod yYyoOmisdy
sw dzslsts dzO o j dz2lsd dzOlstste® d J BkHI dzyj 20 d tcOwAddasj dzO sl
2). UHi A jddjlts | ©jOdkdLdtOodks M vyJj d dsfjHiz i) d vd
L sdzOIsO dzg0@ o nBHWh slts Mjyjddy dO CkkdwisOo.
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M3xomnawo cevyeHve Ha
npegnasHara Kytus

BenTtunarop: SUNON

| MC25100V2-0000-A99, MAGLev®

Motor, 5 VDC, 25 mm, 10 mm.
Oebut: 5.097m%*h

CeH30op 3a otyuTaHe Ha OMY:
GP2Y1010AUOF (Sharp)

Bxoosio cedeHne Ha
npegnasHara Kytus

Add | jBdjlsteduj d dssi o i@ idzdsd] Wids@L d3j tsd: 100710 (

RLUGMdzdls j dzdzOs© B d&ZOfl | HdMStjlbdL JeOdO 4.7
RLUGMdzglsj dzdzdlsj stejyd M M Mg kBlsL @ FBEISBOQ] @ sl
CkRiddz® d 950 000 SCtdidstesdzdzd SBjBO LO obktstedy ftlksls
BOLJEOdd &0 CdjlsSd f ©OLdkdyudkd Westdkd ("jfsshlsjd
IsjsteO©iHted d HEked Jdzj &ddelsd) , CCHtsj dided B ZBOH ON(d
{OLBjei Is dzO BOLBOOKO CdzjlsCO o (L ydmdzdlsj dzdzOls© ste |
fojydLrdts c¢jodkjstdyuddlsi ROLOClkjtdmisdSd o Cklsdwiso,
ROBOdzj &z His 0, 155 mm d o CtOdd ydzgdd¥mmidzs? 20 § soi 1 d

MauncnutenHa mpexa npu BapuaHT CbC
,3alUMTHa KyxuHa“, 1.72 MMH. KNeTKu

MauncnutenHa mpexa npu BapuaHT 6e3
BbHWHa cpena ,3almUTHa KyxmHa“, 0.95 MIH. kneTku

>

Ad.@ RLUdMdzdlsj dzded Bted 3 g
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1 OyOdzded d cteOdzed yded Ekfpdztse dw
[ dWddzedteOded MO Isted tOL dzd yded cteOdzd ydzed EkEfpdztse W :
1T 1 EZOHECO ol terdesfyls dzO oemMdyusSd Misjded M cwOf O sMmls
T{Bididz HiBdIls o L BdOLAS,dzO 9 j dzlsd dzOIstste
T votcBtSH S o n SH dzE /e spdatz E pd2tondyjh d 4§ tedslse ste dzO ¢ |
HiWddedteOdets tslsdzetsd s j dzozis z dz®dz@ ¢ ldzgzd 0 - @O Cds j ted Misd € ¢
5.0%.
ydMmdzj dad tej L 2dzlsOlsd
tdLEzdzsOBdlsy ls ftetso jHjddlsjy udmdzj dzdna figd d3lz dkOydd d 5 ,f
fsmMtcj HiMsasds odfL INO@kEsHis@dz 1§ tsdzj IsO, stsSCsod dzdddd d
dtcQodzdIlsj dzdzd W Is OdzOdzdL iy HisssBEOd e @ded*Odzle ® HzOL O
Codzd yi Mo st j BB EZMBBILO dOdZzdudilts dO ddntsht skl
toj ydteS zdzOydsdzdz® L sdz0dz@m QARO[ s40ls 08 iz& djWjSls Bd +
ZOlskzf o Odzj d LOMssYeOdzgy dO JwOrtsoad yYyoOmlsdyd o SCiza
ftci HfsMISOCO L O dzj ftcOo ddzdes WEdS ydssdzedtcOdzy dzO Mg daL
sfdetso j dz ftetsBdzj o5, Cts2Ists IftcyB oH@ L HOQ dad Hfj tcOls OB jsdg € Ols
ftcj HMIsOo j deslsts EMmlstes?2 Mise 5.
v [m/s]
IZS
%20
15
E
— 10

BapuaHT cbC ,,3aWMTHA KyxmnHa"” BapuaHT 6e3 ,3aWwmTHa KyxmnHa“

N8 wltttsMmisded  sdzj IsO

sOIsts ywdzts, ydmdzjdedlsj tojLEzdzlsOlsd dzaj ¢ OL 90Ol L dzO
CernddzO dzO CEIdwlisO, dzj f sMtcj HMise j des  toj Hd teafj dee@f dzO|
FtcjHO d EfmMzseodijlsts L O cdzOHC O ol tondesfls dzO® Misj dzed s d
ftsdzj sts dzO dz® dke56)Qdzj IstsdzAyJ dedIlsy L Oc ks d, 9 tjLEdaksOls
9 0tcdOdzs©, MO dHJjdasdyded Hted IsjSkh dlsj § tojiHdfdsdiiEs)ydzdde] W
dL fdzj Ho Odad v , fted ©OLdEZJquUdd cteOdzedyded Efmdzse dv, B
dzi sBrBHddB3dIsy R~ OLOCISjtedMmisdéd dzO o j dzlsd dzOIsstc©® d Mmi sl
Ftej HO.
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BapuaHT cbC ,,3alWMTHA KyXmnHa“ BapuaHT 6€3 ,,3aWmTHa KyxnuHa“

ANdat vssCtsed dzddedd dzO MEtstetsMmisls O

BapuaHT CbC ,,3aWMTHA KyXmMHA" BapwuaHT 6e3 ,,3almMTHa KyxnuHa“

AdG 1 tdzjlsO @O &OdkYcOdz st

10 ffjiflsowe Odsy dzO 1 dzdz@ Byj S O &zO (W jSbO sl i hj
B dds d Hsfl dddlsjdjd O0d@OddL, f(sohmjHmlsssd {

dzj sB A SH

Hstf ] dzded Isj dzj dz dL yudmdzdlsj dzj dz d3sHblzdz hj odLEZOdJL O L
9l LHERI P #HDORMEs otcjdBBI. uvtsoaO® MO d Lddlsi, €1 HJIsE
Aly., wihts OCO, LO §J dzdzO tsyj dz€ © dzO0 OB SISOSO dzO f
dL mMdzj Ho Odzy f dOZdqudd dO kttOmMdteOh d yoOmlsdyd o tMdas
AYY 9oCdz¢ gdls] dzdz
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1 06 dz8 yg dzqd J

RLMdzj Ho Odats ol LHEh dsIsts Isj yd dzd J ftojL HO O 9 Otot
dL Bjtco Odzgy dzO SCdzdyd Msoatslsts dzO Aly o Ol jtcddw o
OdzOdzdL, BOLdEOd &0 &jlssHdl] &O dLyudhmddlsj ko d&j q
{OLEd&zj HO®R] o B JDalzk © dzO® HdL O2 di iEon L P h & jsiizOAs100 i dzlisdi®

dzj f sftej Hiplse jdets ftojH L dyd s daoptdeldjdsts j dozd 8 fig dztOadzRdirg |
Ho OO o0LdOdsO Hj Bedhstdtd &Okdydjlss &0 ddmns 61
toj ydtel zdzOyd s dedeQd sLatods@® o€ ZAd@0Oni. ovtsid jWjiSlk Bd HSBY
L Oflsts™ o Odzj 20 fOSwad yOfisdyd o SbkoiddoOko, Cjlt
dzj f Qo ddzdes W EkdzC ydesdzdtcOdzy dzO0 fj dzL ste®@ L O dL d3gd teo Odzj

yqfdg dedlsj tojLldzlsOlsd dai S OL oj @l juUsdsO W lsgj ttaiago Iswo0 L Cd

Cklsdwils O, dzj f sftej HMilse jdzes tej H] 9 j dzZls dzOIs 516 O. [ syd|
EmMdzsedjlss L O CdzOHC O ol torndetsmils dz@ flsj dedlsyj , dzd MmJ
dZzO0 d&Odzv ¢ Odzj Ists. 1 sdzz y g ded Is § L Oc kzB dy o QdsjO Iz alz® ®ds O dasC
dHjdzelsdyded fted IsjSEhdlsy ftojHfdyjddy LO cttOdd ydzedls

gUdlsO fj, ud drel th jddisy dLMmdzjHo Oded™ M j §6HY B
ZzO0 CEkkdd LO f(kipHmOa Pddfls j&3j tco Odzj dzO Ctdzdyj Mise tslsts
9l LHER.
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dzj dets BSH | &zd e Odzj dzO 8LOC{d31S ji2Msodjlsts dzO I
LCOj dzjdz ssotste fted dekdzjo jCMyjdestedydlsjls

S

ROOdz 1 4 dzgj o

J dzw dzj lsastc jag@lzd H tcORtsead d cOLBseoad yYyomlsdyd tsls
d dzOdzOcOls odzgj HicW 9 Odzgj Ists dzgO@ Ctstej Clsdets ftoj Md3j Isc
Ouch LO o jHOdzj dzO otcjHdsMIsdIsj tsls tcOB tsls dzC
tcQo j dzO@ ydfmdzj dzO fydodslz dz® g g ¥ 3 nd@dzj f tads®y j Bz teB [z dzj dzls
dLdtcOdzi dO0 MestsMmisddlsy odzikso0 d f§tsWddd,

jdedIsj HOdzdzd HO9 Ol dJdaW stedsOYdw L O odzdwdzedjIsts
MistcOdzj dzgd j sts dzO MistezwIsO d oL Od dstsreisAemiso d jIsts d

sdzv ytse d :HisdgdeB 2 dzj dzlsdzd Mlstelzd, ydmdzj des ostsH j dzd 6O dzj |

OQ—
ZRa S ﬁ-S‘I

Numerical modeling the interaction of turbulent jet with suction opening without
eccentricity between sections

Ivan Denev

Separation of harmful dust and gaseous particles from various technological processes impose
correctly dimensioned ventilation to evacuate the pollutants out of the working zone.In this paper is
presented numerical modeling of a process of leading off turbulent jet and visualization of velocity
fields and profiles in some specific sections. The results gave information about the influence of
inlet parameters to distribution of the jet and i

Keywords: turbulent jet, CFD modeling, suction opening

1l e jHjdedd

| Bdzv B3O yOfmls s fsyjmdlsj o ftesd®dh djddlsj ftjHYtd
otcj HdzsMIsd o tOBKISdEZOISO LtsdzO. 1 soadh 0o OdzjIsts dzO € tsdzy
GOL Ba d yomisdyd B ( Htse Jdzt Hts L OMistcOM O Odzj LHO?

fj idgOdzO, tBMmdzzy 9 O Htoddzj y O slsts tsBStelzH 9 Odzj .

4 Yjdz fsHtsBEGWY 9 Odz 2O bEmMdsesdwlsO dO Iktekzn d fO
ftesj CsdteOls d dLGEtOYHOIs o] dzlsddzOyd tsdzdzd d dzils[@,dBbydd .
6 [(1 MO t©OLecdzjHOdd odHtso j sl ot ggsuidBmylsalO d&J Hzgzd sMils O
Mz yodilsy dzO GlsHj d&zv dzgi dzO o to j-fHtsasdtsdY oO tgjO B d5isfdOdzQ I<s@ZOf
o4 dzZlsd azOydqw .

stsdzo j dzyd sdzOdzdzd sy BIlssHd L O ftosj ClsdeOdzy dz0 MBS
Mtc Oo dzd Is § dzdats B O9 dzd d 9 dzOMCK o Codgjdzlz ¥ dizts  teftcste st @ikl j M
dSMf dzsOlsOydsdeded t©WOL mntSH(.

1l teLs tOLoadoeaOhdlsy My MoWlskzjttded ftesHkzSIsd Mol toL O
WdzedHdlsy HO9 Ol ol Ld@3sydesMls L O Bl oLt ftoj Md3W IsOdzj dzO
d dzils OdzOydvw s 0, i ¢ dzQsEdsdss odACofifdd;Q dzdzts Is s

{ Mdeso dzOIsO yj dz dz©O dzOMsswh OISO ©OBSISO | HO MmyJ tc
MdBzdzdtcOdzj 2O oL OddBsHj2Msoadjlss dzO IskteB kzdzj dzls dzO fls tc
i smdzs M GftejH] dzj des tOLMisswdzedy BIYHE Mdi3E¢ OB gezdzOIs ©
d odzdwdzd §j Iss dzO tsMmdatse dzd Is § dLrartsHde §OttOdiisted ( ME
tcOL Msswdzdy dBIYHE MBECOI] d2v d dzOcdzj IsOIlsj dzw) o9 tornlz
d 9adHO dzO EdzOeawdzi ls MisttOdZO dzO M3z ¢ Olsj dzdzed v lso tste.
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RLGIGOYHOd d&O cJjtdilstedyl dz d@BtsH j dz

t Ozg Y HO Mi MOodzdlsj dzdes f tetsmis O @ .defmls teEXIsysq i, t5 HY talgsHC
J BLdAdOYJj d dzO0cdzj IsOIsj dzdzedw Istci Btsf tctsotsH, f§ BHO9 O Isktes
sLdZOYj 20 ff dshijtc 2. wBzCOIsj dzdzdw Istci BsftesotsH | L
f sbh O Odzy ddzd dOBOZY 9 Odzj dzO dzOdzYW G Odgj Ists o dIsH j dzO,
LOMBBES o Odz HijBdIsd MO ftojHodH] dgdO € szl g EaiOQdkjs dzde@ skt
ZO BsHj O | dLiftsd. o 0dzO ¢ &Ddfidta)ddafdBddiifke s tcOBO L O

Add | jtsijdtedfsHj dz L O dLMdzj Ho Odzj oL OddBsH j 2 M
ZzO IskztBlzdzj dzlsdzO Milstczw Mmi i Mi3z<C Ol dzj dz s

ddzjH (oMmbssweo Odzj dzO@ BsHjd&ZO d HjWdddOdj dO Gt
fMlsi 90 S i ydmdzj 20O MdBzdZOYdw. ltwjHd kB8O Mmj
ks jh jejMOea Ol f yjdkz HO fj fodkkzuyd ©OLYJtj Hj dj ddj st
SO j dL B tcOdk fsis@ daiO s das iz tc 2 &z dzlf tz® Gipls dzP  Is tc O daf f ¢
dzj dzdv L O Iskztes Iz dzj dzls dails @f Chek dmjtddsofipisds@ sited) teicofid A0y d v
Md HiWMddgd )@ Hdzd Is] IstcOdzmf tstelsded EZtcOo dzj dzd Vv :

Q

q
q
j dz

Sq—UfS

(]
¢
Y
EtcOs
U J

—"® — ¢ —— O 0 "-& Y, (1)

—". —"4§ — ' —— O-0 50 0O"— Y8 )

iGECjdj tOyYdY @O bbtelkdj disdz® Cddzjlsdydz® J dzj tsq
Misj dz GicOa Jdeids@ydvw  dzGdzOls FCepdzjdiy dlalsdzO® j dzj tedz@ v o
j BAzO IS, @y ITd=EOOL 0 © Misjf j dz2s O dzgO ko j dzdyj dedj dz0 Iskztes
& StdiyfjdhdOd &0 LOkdRoOdslsts dz0 MCBEshislsO da
%O ModoOj ddsfls dzO WL JHOG . ted o dMsCd ydmdzo
Oydwikso &O f{ sy  idFlsent djs Hizd®s 120 da® W dsizgsyded ¥ 1§ o
dilts j f§omsdcdOlts MmojH ftdeddL dlsj dds 420
ddlsj Stedljtdd.

dzZlsOlsd ®ls ydmdzj detslsts tej " j ded §
Yjdzd MO toj L & @is QBRI DO Ryt fizdets, 1 dzdes o dzj 1 dz
dzj dzls zOls© Mistekzw sls MBEZSC Ol dzdzdv tslsotste. R L ASHdz]
COLOdzd ©® IsOBdZduyujdz 9adH (uvOBdZ 1).

JdLEzOddL Oydwy d0 §dkkzyd ddlsiy M¢ stesMmdbaeld , § €B@jsksO g
BDftcOo jdzd Mjujdedw 65 MO &O dJLisdyOdzj. uvtsStedls]
~nOOSIsjte dzO Isj yj dzedj Ists.

g—ﬁ'



54 0OLpwOTo Ko z¥j o6UH
vsOBd&dyoO 1
tdLEzdzlkOlsd tls ydmdzj detslsts toj h j dzd J
\ Od dsj deso @ t OL &3 toif ulss? dzts iy ls
{ OLd3j 6d dzO Yt jddjlst

15 ts5f) m mm 2500

1t ts5f) Y mm 2500

15 M) Z mm 2500

1 Ocdzj sOIsj dzdz@ fj Cydw
r Oodsj Isi .o D mm 100
ri dzy d dz0 mm 300
4 BzC Olsj dzdzO fj Cydw

rqOdsj si 6 D mm 100

ri dzy d &z0 mm 1200

A

t OL B ed dz0 C B j dMOydsdzdzd fslseo ste(

ridddz0  f mm 800

zdsyd &z0 { i mm 200

] OO Botflstelzd s j

1 OcGdzj Isj dz H | kg/s 0.0354 0.06936 0.166404

1 OBz S Odz H | kg/s 0.137208 0.13728 0.136536
if:z’tqsléngJ g 3,88 1,08 0.82

[ $Myd dalsted y mm 0 0 0

10Ad.2 | (6COLOMs fodzyjdssts MSstshsdsksts §sdj,
o 0tcdOdzgls Mi i Motci i dzdes EZdzOo W dzgj dzO dzOG dzj IsW o OO O Is
sdzj Ho Oh dw o Oted Odzls dzO | dzdasd. & (zOOV ezPtof Oz B L GG dzP 1t |
j St OL Ondal.dz0

=] 1: Contours of X Velodty (m/ ~

Options Contours of ’ 1.52e+01 m
Velodity... 14401 L3
DF"E e & = . 1 362+01
[] Global Range L) - 1 ;Sz:g]
fuﬁ?iT?i ‘ = — 1.13e+01
Clip to Range 40.3294888 15.15605
[ oraw Profiles 108+
[ oraw Mesh CliE 24600
Surfaces L) @.96e+00
interior-boss-extrude4 ~ 8.19e+00
. kompensatori T 41e+00 1
Levels Setup nagnetatel G.64e+00
= v 5.08e+00
wall-boss-extrude4 4.32a+00
Surface Mame Pattern New Surface = 3.54e+00
’7 Match 2.77e+00
Surface Types g = 1.89e+00
axis o 1.22e+00 %
dip-surf 4 45e-01
exhaust-fan -3.20e-01
fan v
Contours of X Velocity (m/s) Juloz, 2017
Display Compute Close Help AMSYS FLUENT 13.0 {3d, phns, skey

Ad.@ uvisCtsed ddddd d&O fstkvlsO ftd I MdE&I Fifk ddass & iz@p



AYOKDOO ADOY-YOpY p Or g BOA D] O

55

Contours 2 |[1: Contours of X Velocity (m/
Options Contours of

[IFiled velocity... vl

| Node Values =

[]Gibal Range [xveocty -

[] Auto Range Min (m/s) Max {mfs)

[Aclip to Range ”-(LZ‘&TBSE H| 15.25781 |

[loraw profiles

[ADraw Mesh sufaces EE

interior-boss-extrude4 A

Levels Setup
e omE

Surface Name Pattern

kompensatori
nagnetatel
smukatel

wall-boss-extruded

Se+00
4.40e+00
363e+00

Mew Surface =

2.85e+00

Surface Types 2 08e+00

1.308+00
5.28e-01
-2.47e-01

axis

dlip-surf
exhaust-fan
fan

Jul 07,2017

Contours of ¥ Welocity (m/s)

| Diplay | [Compute | [ Gose | | Hep |

ANSYS FLUENT 13.0(3d, phns, ske)

A8 uvsSsod ddddd &O MisekvwisO §wd I,§9 szdds lkdzOp ® azjy

B oo [ o vy

Options Contours of

[CIFiled |velocty. . |

eeae | J

[ Auto Range Min (mjs) Max (mys)

Clip to Rang |o.gzos174 17.89711

[Joraw Profiles

[ Draw Mesh Surfaces ElE
interior-boss-extrude4 ~

Levels Setup nagne

oo™ s
= 4728+00

Surface Mame Pattern ey Surface « 378e+00 ¢

2.848+00

| ] e e == Tete.on e
s ~ 9.61e-01 L
dip-surf 2.048-02 i
exhust-fan -8.216-01
fan <

Contours of K Welocity {m/s) Jul 07, 2017
| Display | |compute| | Close | | Hep | ANSYS FLUENT 13.0 (3d, phns, ske)

A d.@

{ OL ¢
Mistclz v
f tsdzlz uJ
HO BI H

visCtsod dzdded d dzO MmistelzwIsO fdsdH jiBdfdsy | fzdzls d 2 fz® e ¥ ugj

&j HOdd MO d MSseshmlsddls fos¥ddd o ROLOCI, tc
d o dL kzOdbfE-4.c 0Ouzd S @Ol stedsj dzd, Isj EsEOl HO f sf
ddlsj HOddd sl ydhdj dzOls0O fEdimyzidefuljvdzldy IO jdoto
i ©OLc&jHQds jds® {1 s

1: X Velocity

X Velacity

-1.00e+00
-015

-0.1 -0.05 0.05 015

0
Position (m)

Mar 08, 2017
ANSYS FLUENT 13.0 (3d, pbns, ske)

mn
mn

A& Custsflsdd fosW¥ddd ftd o20dOds d&zO Mot o



(@)
T«

56 OOLpPwOTo Ko 2Hj 06

0.00e+00
0.2

-0.15 -0.1 -0.05 1} 0.05 0.1 015 0.2
Position {m)

KVelocity Mar 08, 2017
ANSYS FLUENT 13.0 (3d, phns, ske)

Ad.® Sustsflsdd fesWddd fid oOdOdlds dzO i dzdzts

211!19-600 o, S ! : _
0.00e+00 e S :
-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Position {m)

K Velocity Mar 08, 2017
ANSYS FLUENT 13.0 (3d, pbns, ske)

AN @uSttiisdd s ddkd §td oOwdOdls M daj i dd

1 OC dz8 yJd ded §

| GeclsOO | dOf©Oojdts ydmdjds ©j"jddj @O oL O0ddHt
i MbzSOk)djd skttt f§td &OEdudj &O 6 shdshls o
stel BsftesosHg. ) shtesjd j cjodkjlsteduj dz BsHj & &0 {
d ctOdd whd" R OSE LO tjhOsOd O KkOSO W fstsdk dd!
fls OcdzH Ofels jtzH j &z 20 Ibhktsldzj delsdzsfls. 1 dLEzOdkdL JeOdzd 1y
Bz zOyd™Y mMSswshisddls] (sdjlso  MSseshsddls] §tsldd

[ dlsj 6Okt

1.L.Ansys Fluent de2000. User ds gui

2. Wilcox D. Turbulence modeling for CFD, 2006.

Bbdzstsdzse R. v. , Jltoddsydd Bir0ddtO @O WdhkkdHdlkj, ut
4.1 § dzj o RO ., 1vetsd OMfiSilsd dz2O oL OddiIsH | 2 Mis d dz
M3 Olsj dzj dz M J CIsi t6, | OkydzO ¢ sda¥ § tol|j Ty €824 [SNM 6 2 0 1 6

1314-5371.



FYOKDOO ADOV-YOxpY p O g BOA D] O 57

5 s0H0R ¢., vdMmdzj des dBsHj dzdtcOdzj dzO HokzW OL dzO IskzteB Iz«
S Olsj dzj dz M jCIsi 6, Oolsicj W jtcOl dz® HdMjtsoydy,
6.1 jdzj o w., 1twtsdi3dh dzj dzO o j dzZlsd zOydw d tBjL O Oo Odzj
7.A0dH ¢., JLOdisispbBkazg jzsdgPy Mty d MikzC Ol dj d
@O HdfMjlkoydwy, uwsWdw, 1989.

BOG . d dzy . R Oi@ds Wrdjvdzj o£,0lsfHtc® AmMdHtSOjtetsH  dzOBRI S O (
e-mail: ivan denev.eng@abv.bg



mailto:ivan_denev.eng@abv.bg

(@)
T«

58 OOLpPwOTOKO) 2X¥j 6

Application of CFD for energy efficient design of batch (discrete) dilute phase
pneumatic conveying systems

Ivan Dukov, Diana Taneva

This study presents application of CFD tools and commercial code ANSYS Fluent for design of
energy efficient dilute phase pneumatic conveying systems for batch conveying with given only
overall mass and characteristics of the transported material, without restriction of delivery time. The
main design parameters of the system with minimum consumption energy are determined and
relatively simple methodology for optimal design is proposed.

Keywords: pneumatic conveying, CFD, energy efficiency
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Introduction

Dilute phase pneumatic conveying systems are basically quite simple and eminently suitable
for the transport of granular materials in factory, site and plant situations. A relatively high velocity
is required and because of that reason an essential concern of dilute phase pneumatic conveying
system designer relates to minimize the energy losses during transport, because of excessive
power consumption.

Usually in dilute phase pneumatic conveying systems, the materials can either be conveyed in
batches through a pipeline, or they can be conveyed on a continuous basis, 24 hours a day if
necessary.

This study presents application of CFD for optimal design of dilute phase pneumatic system for
batch conveying. The following initial data are given:

9 overall mass of the transported material M,;

density } , and geometrical characteristics of the particles;

1
i start point and end point of delivery;
9 there is no restriction of delivery time of the particles.

Energy efficiency criteria
In the pneumatic conveying systems, the power consumption P is

|:>u — m QQ

=—2 s, (1)
he Ol i QO
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where: P, is the useful (fluid) power,
h,, and A, are efficiency of gas mover and electric motor;

Dp is the total pressure (head) of the gas mover;
Q, is the air volumetric flow rate.

The head Dp of gas mover is consumed for acceleration of the solids in initial section of the

pipeline from velocity O to average established velocity of the solids, to elevate of the eventually
available geodetic height and to overcome the hydraulic resistance in flow through the pipeline
system. Since A, and /4, practically are constants, the main condition for the design of energy

efficient continuous conveying systems, which will be satisfied, is a minimum useful power -
P,- min [1].
For batch pneumatic conveying is necessary to provide minimum consumption energy E:
E=P, € 2
where: t is the transportation time of the particles with overall mass M . Therefore the criterion

for the design of energy efficient batch conveying systems is E- min.
The main purpose is to determine the optimal design parameters ensuring minimum
consumption energy: diameter of the pipeline D, average gas velocity U , mass flow rate q, of

the particles and possibly pipeline layout. With given mass of the transported material M_, q,

determine transportation time t since

MD

A9 =— 3)
t

CFD modeling and results

As an example, CFD simulation of batch conveying was performed with M, =27360kg. The

solid phase is polypropylene with density 7 =876 kg/m®, average particle diameter d, =3.6 mm

and particle sphericity 0.8. For given start point and endpoint of delivery, the influence of pipe
layout on energy efficiency was investigated in [1]. In this study horizontal 40 m length pipeline was
modeled by the means of ANSYS Fluent. Selected length corresponds to the actual length of
pipelines, which are used in the industry. In this way is eliminated the influence of the length of
initial section of acceleration on the obtained results.

Unstructured mesh with 1322 379
elements was used as shown in Fig. 1 with
the thickening of the mesh towards the

wall. The effect of mesh refinement had
. previously been evaluated in the simulation
process.

RNG k-U model was wused
the gas-solid flow. The particles were
injected from each facet of the inlet surface

with initial velocity 0. As the particles are relatively large, their motion is not influenced by the
turbulent pulsations and because of that reason the turbulent dispersion was not modeled.
Presence of the solid phase was modeled by means of the Euler-Lagrange method, which is
implemented into the ANSYS Fluent software as a Discrete Phase Model (DPM). The
computations take into account the shape factor (sphericity) of the particle [2] and the coefficient of
restitution with the wall [4]. The calculated trajectories of several particles in a section of the
pipeline are shown as example in Fig. 2.

Numerical modeling was performed for different values of the solids mass flow rate
g, =1.26;1.6;3.8;7.6,10.13kg/s. For each solid mass flow rate g, were realized computational

simulations with different diameters of the pipe D =0.154;0.180; 0.204; 0.254; 0.304 m.
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Fig. 1 Computational mesh
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Fig. 2 Particle trajectories

For each diameter of the pipeline was determined the critical gas velocity U , and the

corresponding pressure losses Dp which in this case are losses mainly due to hydraulic friction

and acceleration of the solid phase. The critical velocity is the velocity at which the particles start to
fall to the bottom of the pipe. Obviously required gas velocity for successful conveying is U, 2 U, .

For exactness, it is accepted that U, =U

gcer®

Large number of experimental data and correlations are available concerning determination of
critical velocity. One method has been developed and validated from the authors by the means of
CFD, which says that critical velocity is reached when only 30% from the particles are able to pass
above the axis of the pipeline [3]. Furthermore was determined the optimal diameter D,, of the

pipe for each solid mass flow rate g, of the system. In batch dilute phase pneumatic conveying

this diameter is defined as the condition for minimum consumption energy E - min is satisfied. It
was obtained for all solids mass flow rates that the optimal diameter is D, =0.204 m and this is

shown in Fig. 3 for significantly different solids mass flow rates q, =1.9 and 7.6 kg/s.

8000 It is known that with increasing of the solid
E Wh mass flow rate q, the pressure losses are
7000 ® g.= 1.9kgls . increased and hence the useful power is
A qoF 7.6kgls increased. Also with increasing of the solids mass
] flow rate due to the decreasing of transportation
6000 time of the particles, as a result the consumption
// / energy is decrease. Hence the two-way influence
7 of the solid mass flow rate indicates that there is
5000 \ AL/ an optimal value of the particle mass flow rate
\ i / d,o @t Which the consumption energy is the
'\\ /./ lowest. After the determination of optimal diameter
4000 = D,,, =0.204m, the next step was to define an
optimal particle mass flow rate q,,,-
3000 1
, m
0,16 0.2 0.24 0,28 0.32
Fig. 3 Optimal diameter
Table 1
The obtained results are shown in Table 1. Obtained results for D, =0.204m

As can be seen, the useful power P, is

,kals
increased with the increasing of the g, due to %<9 1.26 | 1.9 38 76 | 1013

the higher values of the pressure drop Dp and | Yser: m/s | 16 | 15 | 17 | 19 21

critical gas velocity U .. But the results also Dp, Pa | 1459 | 1839 | 3566 | 7171 | 10100

shown that the consumption energy has an
absolute minimum value E =3604Wh at P, W 763 | 901 | 1980 | 4451 | 6934

conveying regime of the system q ., =1.9kg/s, E, Wh | 4576 | 3604 | 3960 | 4451 | 5201

as it can be seen from Fig. 4.

0

(@)
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The optimal design parameters for energy efficient g wn
batch conveying pneumatic system with overall mass of 5200
the transported material M,  =27360kg and given

properties of solid phase (polypropylene granules) are:  ,g00 /
- diameter of the pipeline D,, =0.204 m,

- gas velocity U, =15m/s, - T //
- solid mass flow rate q,,,, =1.9kg/s. | //

D= 0.204 m

Conclusion 4000 -1} — |

The results of the present study show that the
commercial code ANSYS Fluent can be used
successfully to energy efficient design approach to 3600
batch dilute phase pneumatic conveying systems. For qplkgls
this purpose a relatively simple methodology has been 0 2 4 6 8 10 12
established based on the optimal design parameters of Fig. 4 Optimal solid mass flow rate
the system with minimum consumption energy.

The following methodology for optimal design of dilute phase pneumatic system for batch
conveying is:

1. The two-phase flow in horizontal pipeline is modeled by the means of CFD and
Euler/Lagrange method, which is implemented into the ANSYS Fluent software as a Discrete
Phase Model (DPM). The characteristics of the solid phase and gas flow are entered into
ANSYS Fluent.

2. For several solid mass flow rates g, computational simulations are performed with different

standard diameters of the pipe D =0.154;0.180; 0.204; 0.254; 0.304 m. For each diameter of the
pipeline is determined the critical gas velocity U, , and the corresponding pressure losses Dp.
3. The optimal diameter of the pipe D, is determined for each solid mass flow rate q, of the

system, at which the consumption energy is the lowest E - min.
4. All modes of batch conveying are compared and the optimal particles mass flow rate q,,, is

selected, at which the value of the consumption energy E is the lowest from all transportation
regimes with a diameter D,,.
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Centrifugal Plug Fans
Anton Sotirov, Todor Chakarov

The main feature of the centrifugal plug fans is the absence of a spiral chamber. Thus, the
dynamic pressure at the output of the impeller is lost, which must be taken into account when
designing. On the other hand, it is possible to estimate the aerodynamic characteristics. Software
has been developed for the design of the impeller and the calculation of these characteristics.
There is an experimental model that has been developed and experimentally studied.

Keywords: centrifugal fan, spiral chamber, aerodynamic characteristic, experimental
specimen
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ftoj M3 dzOsOO o foHftSEEOBOSO AERCHAR tl fttse 0RO

wtcOodsj ded jIs5 dzO Ho jlsj ROwLOCIjtedmMsdSd 8C0L9 0O, Y
dZO dzv ¢ Dk p8%tsls ftotsj Clsdzslsts. wiso O fj HI dy d SHdgste @zts  dzO
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h j dz HdOdyIstodem, dzts 3d dzOdzj dz 15 @) =§25EMIVY,B disj MisslsO dzO o |

n=2050mn" ' d tOL dzd ydzd MlsOlsdydzd dzOdzw ¢ Odlzd v . R LciPOH & O o
ol L B3y degsflslsO L O fsMisdeOdsy deO o dMsC s fls QEOGdsy datiddzvj
L OC &z BDp3y , ff tsdb, 2 40&kffils Oo Ols btk tcso ® ctdj B, YJ BB LM

o jdslsd ZOlststc f) dzOL OH GBI wdOld dzsf OlS (.
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1 65 € Is gde® dailzls d z@ls s 8 5 4 dzts g Y O dzj
10 ddz MlswOyd™ 20 fEscE0hOls0 j 66 0L OdBs, §BEH[GYIs
q ¢ s dztsiidiv] & OB @d HO0E @ stcH ARG B C OO d dv S22 Hkzed *

Vtrefcoodrornwwt Ao rpr 1 v-RIPBARSBY ¢

Q= 6250.0 [kubm/h]; ps=1250.0 [Pa]; sig=0.08; D2=0.40 [m]; n=2950 [tr/min]; ISTR=2
U2=61.8 [m/s]; FIv=0.224; PSIv=0.593; PSIs=0.546; ns=96.5;

1 Gnls OdzH OAdsdgEOM W- jotel@ kg/kubm; ni=15.11*1.0e-6 kwm/s

tosJuvrd sdfrfd

D1=0.28 [m]; D2=0.4 [m]; D0=0.28 [m]; b1=0.16 [m]; b2=0.144 [m]; b0=20 [mm];

gama=15.0 [gr]; tita= 8.0 [gr]; bet1=25.0 [gr]; bet2=35.0 [gr];

bh=0.115 [m]; del=2.0 [mm]; NZ=8; RL=0.276 [m]; RC=0.160 [m]

D4=0.48 [m]; b4=0.144 [m]

1t Md3d sdzOIsts dzs d3d dzO dzdets dzOdzw 6 ©dzj pvn= 1362.64 [ Pa
1 toj Md3d sdzOIs deso3sd dzOdzj dz ~ JH e Oo dzd yd dz s 1 Etahn= 0.

s{fruvtdf1vd ¥Ttrefcudrr 19
1 dzdats dzOdzw ¢ Odgj pv [ Pa]; MlsOlsdydes dzOdzv cOdzj ps [ P
pv=1362.64 [Pa]; ps=1253.63 [Pa]; P= 3.95 [kW].

Cxema Ha BeHTunatop SpPF4-35
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AepoanmHamnuyHa XxapakTepucTuka Ha SpPR4-35
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sddzsjL dz0 tcOBtslsdets Ctsdzj dzts dzO 7 d H tots 8z@ dafs |y d y dzO
] Odzj dzlsddz [Biojlsjdagtse, ¢ tshjd Rddjo

] OBBlkOO MO ftjHfMisOojdd tjLEdsolsd 6l dLfdjHs
jClkdodzs ©OBGlds Codzj s &O ndHESSddslsdydzO Is|
Hso Ols j dzdzsls s fted d&zOG Odzj dzO® L OH GOJ KO  LdBs { iPdsdzlayjdzO
BO d OOddL ljujddjlsts ftejL djv. 10 shdss 0O
Ceqdjdels MO ©GfwjHjddd sflsddOdddls; nNss?dshlsd
i UkOko fdmij 0. IltjHmlsOs jdd MO tjLbkdsolsd
qUOszjdz0 OB Slsdslsts S(tdj s Gls ssHslss Isj uj ddj .

dzj
Is d
[}
Ols

sdzt ysod :HIERdgH tetsS ddzj Isd ydz® IskzteB d dzO@, OB Slsdes € sdzj dz
dZzO0 daztsf OS¢ O

Synthesis of Runner of Vertical Hydrokinetic Turbine
Valentin Obretenov, Rossen lliev

The paper presents the results of research aimed at creating an effective runner of a Darius
hydrokinetic turbine through the consecutive implementation of the tasks of synthesis of the
geometry of the blade system and analysis of the flow through it. On the basis of the results of a
planned numerical experiment the optimal values of some important parameters of the blade
system were determined. The results of a numerical study of the flow of the runner from the water
flow are presented.

Keywords: hydrokinetic turbine, runner, blade system, blade profile

94
HJdz tsis fisdh OlsO

[ L O tcj h Oo Odzj dzO ddzi ced?2dzd sy
cOL tcOBtSlso Odzj ss dz0 W jSIlsdoeded MmMdMmisjddd L O EMetswe Od
sjyj dedvw (o tjSdlsj, dBtcjlsOlO d ¢ j Oded s ju)dzsi fstezisLt j I8 .C
My ®lsBj dzj ¥ d, Y Hjdzils dz20 sOLd ~RdHtetsjdzjtedd?2dzO@ Isjn
shj J el teHj BOdz €. [Mmdesoadedlsjy ftodydded LO Iseoa @ MO
COf dlsOdzts o dztsy j dgd W COCIsts d MtcOo dzd Is § dzdzts dzd ¢ Ol O C
Ctsdzo j dzyd sdzgOdzdzOIs© R dHtetsj dzgj tce jIsdC O) .

l [ OBBtcOlstcdWIsO s RdHesjdzjtecijlsdC O d RdHtOs dzd yd
[ 7] dusfuwy slsc.20fj0 ftese jyHOI dL Mmdzj He Oded W , dZOmtsyj
JWjCldeaded dztsf Olsi yded MmdMmilsj dsd LjoL bBEH1L b §Hj stz isEdad
dSMf dzsOlsOydw MmMlsjdzH L O dL i dlseo Odzaj dzO [AHtetsC ddzj Isd ydzad

Il 1sOLd t©0OBGBILO MO tcj HMIsOoe jded toj L ZzdzlsOIsd tsls dL Mdzj
dWiClkdodes tOBBlsdes Ctsdzj dzs dzO0 =~ dHtets$ d dzj ts o Qldzd dzdaddsds
f tod &zOc Odzj ZzO LOHOyYdlsyj LO Mmddalsd L ZO CcjtdijlstedwisO
sjyud ded j sts Rfcijdzj HIBj@dzd W IsO© MO yoOMmlks s Oz yd®B.O0 f tetsa to

(_et : e ~ c h o — e ™ ~o c * t t< e ~ 73 " ho |

1 tod fr]q’dzlschOlsdz.OdzlE@@mlsdﬁq’ &ZzO0 ~RdHEBC ddzj Isd yddrielssk te B d dzd
sBdCdetso J dzs MJ dL § sdzL 9 O NAGAONASAZ S gettathen tf tc tsH1(6029]) . vlz¢
Mddzlsj L Is ZO ftosWddzO dO dsfolSdls] {igsc tzOREERID | dz M
cOL tcOBSlsj dz® .YyOI§ jolctmy® ftoj 3w IsOdzj dzO OB BIsdzd ¢ tsdzj dzO
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[ Ot dBlfy Bj lsdzs j HO M) dzOfwOod kltydsg dzdj s, uj Mlso:
d LO CsdStejlsjd SBjSCl), O GLOLEjYs Odgjlsts | dzOftcO
% totsdzls Odzdats 20 ez s B Bk Y zz0 S tedeo d &ZBmY 5 IO WPEIOls
ZO &S OkC OO | Atftdj HiEs@EGIDREEE | &z 20 dsf 0lS 0k O.

800 - HEHT_ Laboratory
] Confoil #1
600 Hydrokinetic turbine

T T T T T T T T T T T
-1500 -1000 -500 0 500 1000 1500

X,mm
Add) ceWdd dO dsf OO0 &0 SdHEEC ddz

ltoj MW IsOdzy dzO R OOSIsj tedm
f Ctod deisls 5
RLMMdzjHoe © Mj BBIsdyOdzj Ists ¢
Ctoddzts fp fsMmistswdzj dz f 5 o d My
ygwiksts assttHO J Mt sted HdzO
e COOEZO. 1 sMisOdtso OO dO L O
_— My WestoBzdzdte® it fMmdzj HdzdWw dzO
f sted dzslsts cOL  Sdztsy j dzfs
yqvists M dtesyddO @ fyll tsizs tisQud jdaio
i i hjMmlse j desls s Emdztse d §
I Rz § dad W ) Isd ud dzd § Ists (8
o tcOL Mistswdzdj, tOodets dzOH MBI dzy
Misjdedlsy d Hts HI detslsts dzO € O dal
AJ.@ 3-DWisSH j dz dzO dztsf OlsC O Y&k dzd detsists  dL fdzj Ho Odaj |
TdHEEC ) kdUkolkO L O ©BOL&dydd Mt dshlsd &GO |
Isjujdda)lsts Hi EZPddgD R icH PlsO
odMmMsyd dzOls O (tcOL B3O Of) WFOdz € et telgtsHs jisdz dzj 20 st Is d B3O dzdzd Is .
TRLIMMdZjHO O Mj wWOLHtjHjdziddjts dO MmMEstsmisdlsj d
Cteddzslsts d dzO IsOLd BOLO M ®fftejHjdwis Mmist?2 disdfipdsdd Is j
(dimf. YoHjdddy d M feslsdodlsj dddy Csjvdydjdsd).
RLMdzj Ho Odzj ss | dzOff tcOo j dzts ) f s BENSKESY t@z@ Qetdds cfigjO dixlztx
090 ~dHESHJdZO®BdYdzO L OHOYoO) .
1. 1 ZOdzdteOdz j S j tod o3 dzls
sOCIkts Bj JLetdjds L @Oyl do dL fdj Ho Qodjjlds] j
sflsdB3Odzdzdlsj Miss2 dsmisd dzO HI dzy (Xl © | dZ0 dZOs EEEXAOIs kG
d oadfmtsyd dzOls© (hd2®). CtofddslsldsOL d yYjdz § Bt OdedL d )@z § dzO«c
WOCIktste O, yddists M2 dshmisd eb®@kdeBls d g0 RO ds=(figd® o. dzd Is
EftcOo dzv o Oh dlsj f OtcOd3j Isrtg GO diegd5 nfyi  tRIstplsjj ldedat® dAdls | dz@; o Ote d t
20deg;3m.ulss2 desfisdilsjy dzO@ HI d2y JdzZOIsO dzO " tsHOBO d o dMmtsy
HOdzdzdIsj] L O tjOdzjdz tsBjSls (ndHtsel L jdz Avtwd@®&dv A)sls
ftoj Hddzo j MIsdydtsdzdztsists ftetslzyse Odzj ) .
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10 GitejHjdvdjlts &0 tflsddOdddls] Mkt dshlsd d&O sted

f zOtk [ B2 dO ISYSNFBY @0 Is dakdid By dits dzdzOIs©O L OH Oy O
Codsf dzj €S mdzed v 3§ s H &@?MBBSWM[&S@I—EC{SHW&ddeZJ?dZISfI’]ISISO dz(
ZOdzd yd j Ists dzO cteOded yj dzedwv ol o W O IsjsCidmiEtreidzizOte yfy lsitg @ daf

WkdSydw M dOKkde0 Mmdzj H d3dztsGtthG®lsdzts qufndzwao(m
MOo dg" 0 Ocdzj 2O §dEyj dedls) MiSE2 &EQISY L I § OB iHEg ke v o
Ctod dztkKs@YC(Ci iyl feslsdo dls | dzj dz G- jsiHo) fisdedisdiy o J dzls) .

RLlftstL ot Gﬁjchﬁ]%ttsdzjdz sld): adH O |

Y= bc>+abKXk+abK|XkX|+ah<ka : (1)

k=1 I=k+1
s 5 H ie(ds j fr]lsisiédzlsfr)lsq’ %O ktdlsj bkftwOodveoOhd 4§ OkOk]
JEMY e &), €Otk d )L dibionydynisyl] d dQd hf
mi fetslsde dlsj ddsd v ¢ s W ARG d oY, to o @EMEHEDs O O Mlso Sk
C tod dzesfis@ f te)oHfplissO Bocz. 1 .

v OB d&zdly ©
[ OtedyO dzO f dzOdz0 d tjL kzdzsOIsd tsIs dL yd mdzj
) X1 X2 X3 Fy = C, G K
- - - N N - - -
1. 1 1 1 8000 12114 1,113 1,686 0,660
2. -1 1 1 385 923 0,536 1,284 0,417
3. 1 -1 1 10390 1517 1,446 0,211 6,845
4, -1 -1 1 981 63 1,365 0,087 15,611
5. 1 1 -1 3223 2939 1,794 1,636 1,097
6. -1 1 -1 174 193 0,966 1,074 0,899
7. 1 -1 -1 1250 500 0,696 0,278 2,503
8. -1 -1 -1 245 18 1,365 0,098 13,948
9. 1 0 0 7745 3017 1,724 0,672 2,567
10. -1 0 0 400 228 0,890 0,508 1,754
11. 0 1 0 1860 4100 0,753 1,660 0,454
12. 0 -1 0 3781 285 1,530 0,115 13,267
13. 0 0 1 4367 2276 1,105 0,576 1,919
14. 0 0 -1 1684 800 1,704 0,810 2,105
SHtsdze MO fGtoddztsy jded t€OL Y j yolsSd dzO0 wmdtseodzdIlsy t64
JeMf jtedd3dj dzls (L O BBiKOBSISoa Odzj st dzO tojL 2ZdzsOIsdlIlsy tsls
My i ydOdzdets ®©WOLWOBESIsjdz LO yjazlsO MeWilskzj ) : Mists?2 dztsm s
s Isd &30 digds{tis) dets m Is d EftcOo dzv 9 Oh dIs j f OtcOd3d Iste( . v d3d
fMils s dztsfnlscfls; ZzO tjcetiMmMdesdedzedlsy StsijWwduydjdaZsd MO sftey
YyJ dzj o OO WkdeS ydw (ftesetcOBRBOISO Y tcj HJ dzw dzj 2 2O O R
Hd Of OL tsdz)
* REGRESS ION COEFFICIENT S: * OPTIMUM VALUES OF PARAMETERS:
BO= 0.644807 # * NORMALIZED * REAL *

B1=- 0.085441 B2=0.7383
0.16496 B22=0.49419
0.18669 B13=

B11=-
B12=-

07 B3= 0.167428
7 B33=
- 0.115995 B23= 0.2687

- 0.146727

95

1 X OPTK= - 0.7589
2 X OPTK= ~ 1.0000
3 X OPTK= ~ 1.0000

X  opi= 4.1697
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2.t jLzdzlsOld ls ydmdzj dzd dL fdzj Ho Odad W

10Ade3 MO ftjumksOejdd o cwOWdujdz adH twjLEdsOd,
yqdmdzj des dLfmdzj Heo Odzgj d&zO tsflsd BOdzdd™w o Oted Odzls dz® ¢ 6 dzts
Mestesmisd d dO&zv¥c0Odzj ftod BlsdyOdpjdedsdedd3iz tstsise o sy id ddafl
(z*=2/h=0.999; 0.5 d @D1).

L Oz & O dgj

uCistesmisd
| 7%=0.002 | 7%=0.500 | 7+=0.992 |

AN ButsSCtsod COtlsdded, tOLftejH]dzidedd dz2O dzOdzv G ¢

[T dMOdzO®E f sd L yd mdzd lsi jzded2® POEGtcOdzO dzO t©OL OB slsj d
LO tjh Oo Odz ZO BBiKOIdOISO " dHtesHJdOBd ydzO NSY®BH Oy O
fldzj Ho Ols Mi otej d3j dzdzdW Y GSHEBH LO fsjCkdeo@)  &O
fsMdzj Hso Olsj dzdzts e ZOG Odzy dzO0O Ho N dzls pu O deBs figg i stey) Gded
zsf Olsi YydzOls O MdMmilsj B3O d O0dzOdzdL dzO Isj yd dzed j € j @) i dz
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qidMmisdudz® flescdsL 0. OL©OBEISs O Mj o
TOOCI ted Cqd &0 =& dH et didzj IsdfruigaRjsiOe Gs kfpe d 8208 515 Ols O
g Mmisj B0 dz0® OB SswAsts® sz aBicdls j dzdzd toj L z dzla @lssf MO

(cOLftejHjdjdedjlsts dzO dzOdkW ¢ Odzjlsts o 5B dkOMskO &O o

CqHEC ddzj sdudzO kkztes d dz0 st @ OWd)zde Md® O tetd® jsis fdatrj dzd
e seshisdls]) .

f sCOL OmE.ARZO HO9 O 9o LBy desMis L O tsflsdBOdzdts ftetsi CIsdtk
~ndJHEsCddzj Isduydzd IskteBddzd sIs Isdf O o OdgdglizdH d Q@ JH Odzifff§gs .
ftocso Y HOMz] st O &OBBtcOIststcdzd dBsHj dzdzd dL Mmdzj Ho Oded W
gL mMdzj He Odzdw MO f zZOdzdtcOdzd HO BI HOI ftetse j[H]J dzd dzO Mls
OnpepgensiHe U BbBeXAaHe
Ha OCHOBHMTE NapameTpu
CuHTes Ha paboTHa nonartka
(VABId)
AHanus Ha xapaKTepucTMKuTe
(ANSYS)
Yaoenersopssa e
KoHcTpyKTHBHA
AOKYMeHTauums
Ad.@t) dztsh§n j B3O dz20 dL f sdzL 8 OdzOIs O d3j IstsH
Va3 Misdets  § HO dimJ ulssigjdeibdzls Olsd Is § sls ftod Z2OBz] Ists
B ssHdSCO ofMmi hdatsmls MO f ddzslsded ( BsHbEzddI] d Maj BOO
dgddizO0 ftejHOdH Ud OdzOdzsec qyded BJIssHdSEd MO dL ftsdzLt 9 O
ztstf Olsi ydzd MmdMmilsj d3d dadO osHdiad] @B ffidBdf@APL Odzd Mo sWIsO J ¥ j§
o] Odz€zg € MY dzts OIls Oy d s dzdzd ) Emdztso d w . RA3j dzdets IsjLd tojL kz¢
dzOf cOo j dzO ts{ Is
filsd
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A&t OLtejHjdzj dedj dz20 dzOzw ¢ Odzj sts o L t50zOs

P —

0.300

ANJ.&t OLftejHyjdzjdzdd dz20 MStstetsMisdlsy o L s8dzOk
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1 O¢ dz¥ y4d dzd §
I Mdeso dzd sy tjL EdzlsOIsd sls dzOff tc Qolsj dats Iz jdHidaidsjts 0 Odzj M

.l LHOHjdO | ®BIBSHIJSO LO fftojmMddwWilsOdzj dz0 OB lIsdzd

BOLJuOdO 020 ©Oi @®HEl | dasd sy 6 d 20 f tc NSYB QO O f
ftsfdzj Hise Ols j dzdzts ftod zOC Odzj dz®@ Hojlsj oL OddisMel oL Od
I Ol YydzOkO Mdmisj B0 d OdOdzdL dz0@ kjyjdedjbts ftojL

tdLEdazkOlsdlsj tsls &zOf tcOo § dzd Is 4 ud mdzd dzd dL fpdzj H ® Odzd
ftoddztsy j dzZOISO Bj IssHdSC O BsEOls HO BIi HOIs tsfftoj Hj dzj dad
fOcOdj Isted dzO dztsf Olsi YydzOls© MdMmlsj GFO.

[ ilbBHdCOBSOH&EBBR] H] dLiBdEZLI OO d LO ftj MddvilsOdzj da
szteBddzd tsls Mmi hdw Isdf.

[ dlsj cOlkztcO

A Eys ®se H . dlstsw dzts o . [ Ol BOIsdyj MS 5 dsH | dzd tc ©Odzj d
sBjS¢Id. w., uvjndd¢fO, 1980.
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JftejHijdvdsy dO CsiV¥dydjdlsd L O dLetste dzO vy dzlstet
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Odzj SMOdgH ) to © s Odzd dzts o
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Determination of coefficients for selecting a centrifugal pump operating in turbine
mode

Aleksandar Stanilov
The paper presents results from experiments performed to determine the coefficients for
selection of a centrifugal pump, which works in turbine mode. The test results are compared with

other ones obtained experimentally.

Keywords: pump, turbine, pump as turbine
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Fixed Cone Valve Test Rig
Tsvetan Tsalov
In this article is presented a new construction of a fixed cone valve (FCV), developed for the
purpose of the test facility of gates at the HEHT laboratory in the Technical University of Sofia. It is
presented as well the test rig and the experimentally obtained flow characteristics of the FCV. The

results are presented in terms of FCV discharge coefficient as a function of the opening of the
valve.

Keywords: fixed cone valve, experimental study, discharge coefficient
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Ml sBttOy j dzdw MO:

{Mdecktcweo Odzj dzO0 o] L BEFdsFOCOS Gis®@OEY djyd § izsh 50O
Mdud dzdj By BOstsls §f dzsh IsO dz0 o - SH deSIsts.

RLBWG9oOdzg odzdwdedjlsts dzO HjBj dzd dzgOIsO dzO Ctstef MO o -
20 L BlfHe@ s dzj 3 dzd dzO s ERpOAENslzisldsts, 5

| 5dzj B ZOBO dZOSlsp Oy fpflstsls ¢ jsBjlstedvsO dzO L Obo fsts
fts LOodMmddtsfilsls O:

i — 0 — 0 Q — 0 Qo&4, 1)

Ci H] Ists:
{11 1l d&z fted o) trn O dz2O ©OL el MC o O dw € sdzkzfy;
D=104mmiHdOdj sl to dzO o rtSHO;
D=112mmiHdOBjlsi & dzO L Ole Otwh OISO olsk &S O;
d=12mmiHdOdRjlsi tt dzO yYj destcOdzdzaslsts Isw dzts dzO Cstef zMO;
Z=3iBtec?2 dz2O tjBOISO;
]J]=4mmiH]jBjdzddO dO tjBKOISO. )
Rdzlsj tejOoff dL Mdzj Ho Odzi ftoj HMIsOo dzw 9 OIls L Olseo siad Ify I9tcliddz
HJOY OL sdz, dL Bjdzj dzdjIsts, e s deptip§ d 5 (@ QEdEBAL. Odzs o

vO0OBdZzdyo 1
[ dded 30 dzdzed Mists2 dats fyds,d fda©d sis@®LOded'wialzd | 6 dzd dzO t©OL § o)

{.deg 70 80 90 100 110 120

S mm 48.8 42.6 37.9 34.2 31.3 28.9

10 ctsdzj BqdzO0 dz0 o dMsyYddzOls O d20 lso St sFomm. dJhtEdsH O
sOL d ¢tsdzj d&3d dz0O, odzdwdad jIsts dz20 HjBj dzd dzOls O dz® Mlsj dzOIs
BOC Md BOGzdzs sy @Y PL HBKEEHS o O d -BOdzGHdskh 80 dz s

ssiWdydjdasi s dzO MmlsjMmdzj dedj O Mjuyddedjlsts o Cstef
Yyj dzstcOdzdztssts Iswdzts j 0. 922.

10Hody00dzj sts dzO L Okoatte® j jdzjSlttsdjnOdedydets. [ f
tJdtsffd41/ 4 Mm Wsd adidshsydsnis L O tl ydes 5L dydtsdzd ts
Msts?2 detsfls dz0 tcOB slsdadiv wklz yFdRH BQPC ifpdpbdzsO dzdzts teOL " dtew 9 O0
dLMdzj Ho Oded ™, O i h OO Miss2 desfls | dOMstes) dis d d
s =45mm. s CBesMislsO dzO H o dOP jddzd j d3lzdz0] dig jowj lodsd o] d3dzts G s
ZOzsy d BsHIW dydteOdzj ZO0 kttOdhdkdmdwIsOo. 4Ctstetsfilsls ©
0.75 mm/s.

vi 2 COks c0O0OBOtdlsdlsj dzO LOHoadyo0Odzjlsts MO ¢ tsdzj d3d,
J LObtkzHdj des. 165 kOLd §tc@ yd@OL Owdsd sacOdz] dddiisj dPOL
MO dwsdsdteOdd o) thk § ZOY sStekO®. | Olko Oewh OO o lskdt O
LO LOHoadYo90Odsj My jdzj B3jdzlsd, fsLotsdzveoOd dzOMmistets? 9 Odzj
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Ad.&. [BHjdedYls Bd&sS,
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d bkfwcOodj Lo, j Mol L Od o

t5ls ¢ dzts dzj i G.5C 1 3 G StodzOls O dzOY t5tc dz®i tstisd B O qiZDls ) IsH 2B B3] Is
D=190mm[3].} Ot OdJ sted sy dz© Isj ud deddlsts dz0 o~tsHO d2O yddzq
sls yjdelstetse jydedW o) dads oo s, (KR kst o] ¢k ddtcOdz

sfi hjflsed ddd YtjiL HEth] Cife®da didH4HS so f & &0 o s tzC
@O ol lsjdzgj dzO o) dzlsd ZOBEO. 10 dsStdkOdds § o ) H O]
2O dZ2Of stded™ ISicif B is@HsB I 8 j tdj Isd ydss L Olsd Wusjzdz i s
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7/ '—-_|/ fff/
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[fteijHjdvdzjlsts dz0 HjBdlO ftojL LOsosO fj §i5O896. s d3j
10 yjdzsO M dLfdzL 8 © MC o i sSthdOn gz400 ols azf@tcdzd W Is
L Bdzj B dz0 O &0 HJdzO By desh s C P ¢ Gpgj St Hj dv  fte]
stcl BsftetsosHO Mj dLBIito O M HJW jithisdeyd &dzdads yddafsdstists dfaity
pRsHO dzO0 yd dzd dzH g dinyded f L dgjQdsoa@s tef) d3d ¢ tf tsdBOdEsgj dsd de@s O  dz
slko Otw dzj sts <) LBGSedBOR Btz] |6, EsdsdiOdz Si &3 L Ols OteW h (

Jidldd dL mdzj Ho Odzd W

g4 yddzddHtedydedw L Obatstc MO ftoso jHjded dL fdzj Ho Odad W
Bz. 10 iy j Msats GiIs Glisdetwfgd i dzdzdO H©ls OBte Meddd “dzd ydzd § C
ontHO Bkz. 10 oMmjCd s IsjLd tjdBdd My j exafyflsu j dizjls sf
1 ndé MO fsSOLO0dd ftdzyjdkdls] M ftosisde dlsj dzdzd & OtOS
M foslsdodzj ded j sts dz0 L Ol otu©®@ O dgd 8 dzpO0 sty dels ) §f tzj dzdzts Is t
MlsOo O-B@@O s o0 78, MdjH Ctjlts sldkses - d)rsjsdgdy
dLfmdzj Ho Oded &30l ROLOCkjedhsdCdlsy M ofOHO
flsol 6 HO9 O (tOo ddzdshislsO dsOdz@ L pusde Odz@z0¢ ®ieltiiash@f da2® OL
BOC M BOEEZOSO Miss2 dshE 2O o O™ dzj st ik

10 oM &d wixdd My tftjH]jdvA ¢ st d O jdplsidiss inde® OH J Bd

7 (2)

Cl HjmMis §d sdesfisls© dz© 9] LHERO.

1 sdzzyj dedlsy #$sCBPdizBOBY yj StjWdydjdasils dzO@ HjBdIsC
ROV cOdzj HftojL LOlatste®, O MOBB Bl djcsotslts tslso Otow d
HiBdlO ftojL LOlotstc® L O ftejH]jdz dzts slso Otew dzj HO
fsdzzyj dzdlsj L O tOL dedfydisitisajO toylsjod@ifef® dfn© Y 6C OL Odzd 1 tsdzl
i LzdzsOlsd L O dLdjdzj dedjIsts dz™A o€ tajNoddfypfdideiidsifds digds Hisjlssdrid
Slso Ot dzj QY cPshsEOsHdE JLisdyods .
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ANddstjWdydjdals dzO HjBdlO fted Mo tsBISHI

1 O¢ dzs yg dzq J
tdLzdzsOlsdIsfjtetste j H J dzd Is § dL dzj Ho Odad v HO9 Ols tMmdzatse C
fdzj Hdzd-BOx lzf dL otsH:
1.t OLtcOBBIj 20 | CtdmistezS ydw dzO@ dtsH j dzj dz yd dzd dzv tod Y J
Bsdels JteOdzd teOL ftel MCo O Ctsdezfd M twWOL dzd yded 1§ ¢ dzd .
2.t OLtOBSIsj dzZO | =~ dHtOs dzePy dizGic j fprB jOsQ OdzQ L thyfdaf Is1dz O dzj  da(
LOlotsted. [ BSHJdzddy B¢ ftsLotsdvWo O HO BI HOIs ffttse j
3lwtsoa jHjded MO tfdlsded dLMmdzjHeo Odzdw L O ftcjHJ dvdy
MotsBtsHdzs dLIsdyOdzgj o OldismMW jttOlsO.
4.1 OC i &3O dzdzOIs © Mils 5 Ydpty fddls O dz@2OSC B B ISO dzO dL Mmdzj H o Odzd
cOL el MCo O dyv AFBdzBf 80 | Htdzzyj dz0 ftod tslsdatsmdlsj o
s5,=0.78.
5RLBBjdzj dzd jIss dzO SCtsjWdydjdesO dzO HjBdISO o ddzlsj tea Oc
HS 0.75 jJ BdzdLSB HEtS dzd dzj 2 dzs.
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Experimental study of CFturbo program to predict axis pump parameters
Ognyan Bekriev, Konstantin Konstantinov, Aleksandar Stanilov

A study was carried out on the possibilities of analysis of the impeller axial pump with the
CFturbo program. An axial pump with a volume of water flow of 25 I/s, a head of 2.5 m, at a
rotational speed of 3000 rpm was investigated. The results obtained show that the program gives
close values only in the optimal operating mode.

Keywords: axial pump, CFturbo
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