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Abstract

Experimental work is held to investigate how nanoparticle affects the hydrodynamic
properties of the fluid. Nano zinc oxide particles with different diameters using different time
duration with ultrasonic method are produced. Thermal conductivity enhancement, changes in
viscosity, heat capacity, shear rate and density of nanofluid are compared with those in water base
fluid.

Keywords: dynamics, nano fluid, density, viscosity.

Introduction

In recent years, development in the miniaturization technologies results in fabrication of
micro-scale electronic devices which is used in various industries such as aerospace and
automotive. For maximum performance of these micro devices which is known as MEMS
(Micro Electromechanical Systems), the temperatures should be in a certain range. Microchannel
[1] as Compact and efficient cooling devices have been developed for the thermal control of MEMS.
Utilizing nanofluid as working fluid could improve the cooling and heating performance. Because
of more stable nature of nanofluid compared with its pioneer generation (including micro and
millimeter particles) and exceptional thermal conductivity of nanoparticles, it could considerably
enhance the convective heat transfer coefficient in microchannel. During the last decade, many
studies on convective heat transfer with nanofluids have been considered [2-6]. Pak and Cho [2]
revealed that the heat transfer coefficients of the nanofluids increase with increasing the volume
fraction of nanoparticles and the Reynolds number. Mirmasoumi and Behzadmehr [7] studied the
laminar mixed convection of an Al203/water nanofluid in a horizontal tube numerically using a
two-phase mixture model. They showed that the nanoparticle concentration did not have
significant effects on the hydrodynamics parameters, but its effects on the thermal parameters
were important for the fully developed region. lzadi et al. [8] considered the laminar forced
convection of an Al203 /water nanofluid flowing in an annulus. Their results indicate that the
friction coefficient depends on the nanoparticle concentration when the order of magnitude of
heating energy is much higher than the momentum energy. Thermal transport of nanofluid flow in
microchannels has also attracted a few investigators [9-15] due to its promising applications. In a
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study by Jang et al [11] the cooling performance of themicrochannel was significantly improved by
the significant reduction in the temperature difference between the heated wall and the nanofluids.
Ho et al. [12] experimentally assessed forced convective cooling and heating performance of a
copper microchannel heat sink with Al203/water nanofluid as a coolant. Their results show that
the nanofluid cooled heat sink outperforms the water-cooled one, having significantly higher
average heat transfer coefficient and thereby markedly lower thermal resistance and wall
temperature at high pumping power, in particular. Meanwhile, in an experiment [14] using
SiO2—water nanofluids in a aluminum heat sink consisted of an array of 4 mm diameter circular
channels with a length of 40 mm. The experimental results showed that dispersing AlI203 and SiO2
nanoparticles in water significantly increased the overall heat transfer coefficient while thermal
resistance of heat sink was decreased up to 10%. Also they numerically investigated corresponding
configuration. The results revealed that channel diameter, as well as heat sink height and number
of channels in a heat sink have significant effects on the maximum temperature of heat sink.
Regarding numerical aspects, Kosar [16] demonstrated when the commonly used assumption of
constant heat flux boundary condition is applicable in heat and fluid flow analysis in microfluidic
systems. Also a general Nusselt number correlation for fully developed laminar flow was developed
as a function of two dimensionless parameters, namely, Biot number and relative conductivity, to
take the Conduction effects of the solid substrate on heat transfer into account. Kalteh et al. [17]
numerically and experimentally studied the thermal characteristics of an alumina-water nanofluid
flow inside a wide rectangular microchannel. In their study, a two-phase method was adopted.
Their comparison shows that two-phase modeling results have better concordance with
experimental data than the homogeneous (single-phase) approach. Few researches on
characteristics of nanofluids which experimentally behave as non-Newtonian have been performed.
For example Hojjat et al. [18] prepared three kinds of nanofluids by dispersing gAl203, CuO, ZnO
and TiO2 nanoparticles in a solution of carboxymethyl cellulose (CMC). They proposed a new
correlation to predict successfully the Nusselt number of non-Newtonian nanofluids as a function
of the Reynolds and the Prandtl numbers. In most of the cases, heat transfer in microchannels is
connected with conduction effects of substrate. Most of researches are performed Regardless the
substrate material and thickness under the assumption of constant heat flux boundary condition.
For cases where thick and low thermal conductivity (such as polymers) substrates are utilized
commonly used constant heat flux boundary condition may not be valid. Thus many researchers
have been performed studies on single-phase flow in micro-heat sinks to investigate their thermal
performances and the conjugate effects [19]. This paper aims to consider the hydrodynamic and
thermal properties of the AlI203 and ZnO nano fluid in a channel. According to the literature
[20—25], in micro scale systems, large channel length to hydraulic diameter ratios brings about
large velocity and as a result thermal energy generation due to viscous dissipation effects.
Thus, this paper studied some attributes of nanofluids flow performance in the above described
configuration.

Experimental set up
After preparing nanoparticle in two steps process, the determined amount of nano particle is
fed into the experimental set up to prepare nanofluid and experiments running.

Results and Discussion

The effect of the time of ultra-sonic on the synthesized nano particles

Figure 1 illustrates the size of produced nano particles versus time of ultra-sonic. According
to this Figure the size of produced nano particles is decreasing versus increasing the time of ultra-
sonic. The increasing the time can broke the structure of macro molecule.
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Figure 1. Size of particle versus time of ultrasonic.
Average Temperature and average velocity distribution

Figure 2 shows the temperature changes through the pipe with different amounts of
nanoparticles. Also, this Figure compares the experimental data with the calculated data from the
mathematical model. The increase in the amount of nanoparticle increases the average
temperature of nanofluid at the constant heat flux. This is clearly due to the increase in the amount
of thermal conductivity and also heat of capacity of the fluid. The decreasing trend of temperature
is obtained through the non adiabatic tube.
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Figure 2. Average temperature versus length (2 % volume fraction nanoparticle).
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Conclusions

This work investigates the effect of nanoparticles on the rheological parameters of fluid,
experimentally and mathematically. Experiments are held to measure the viscosity, shear rate,
shear stress, heat of capacity, density and enhancement in amount of thermal conductivity of nano
fluid in a pipe with 0.025 m an 0.2 m in diameter and length, respectively.
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Abstract

The effect of the shape of impellers on the wastewater treatment process is investigated in
this research. Wastewater from the desalination unit of petrochemical industry is used in treatment
tanks. Experiments are held with three different types of impellers in the treatment tanks and the
amounts of chemical oxygen demands, biological oxygen demands.

Keywords: wastewater; type; biological; oxygen demand.

Introduction

One of the famous treatment methods to reduce suspended solids and turbidity is
the coagulation and flocculation. Coagulation uses salts such as aluminum sulfate (alum) or ferrous
of ferric (iron) salts, which bond to the suspended particles, making them less stable in suspension,
i.e., more likely to settle out. Flocculation is the binding or physical enmeshment of these destabilized
particles, and results in flocs that is heavier than water, which settles out in a clarifier [1].

Scientifics stated that removal of very small particles by gravity sedimentation requires
excessively long retention periods [2]. Typically these solids are bacteria, viruses, colloidal organic
and fine mineral. Chemical treatment of wastewater containing these solids results in the
precipitation of chemical agents which cause flocculation and rapid settling [3].

In addition to solids removal, chemical treatment can help the reduction of organic pollution [4].
A study was made to determine the effectiveness of various mixers on the removal of organic
pollutants [5].

Scientifics studied mixing, coagulation and flocculation process with a standard jar test
procedure with rapid and slow mixing of a kaolin suspension (aluminum silicate), at 150 rotate
per minute and 30 rpm, respectively, in which a cation Al (3+), acts as a coagulant and pectin acts
as the flocculent and found that maximum flocculating activity and turbidity reduction are in the
region of pH greater than 3, cation concentration greater than 0.5 mM, and pectin dosage greater
than 20 mg/L, using synthetic turbid wastewater within the range [6]. The flocculating activity for
pectin and turbidity reduction in wastewater is at 99% [7].
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Researchers investigated the feasibility of mixing rate and ferric coagulant recovery from
chemical sludge and its recycle in chemically enhanced primary treatment (CEPT) and found that
the efficiency of coagulant recovery had a linear relationship with sludge reduction
[8]. Experiments verify that it would be a sustainable and cost-effective way to recover ferric
coagulant from coagulation sludge in water treatment and chemical wastewater treatment and then
recycle it to CEPT, as well as reduce sludge volume [9 and 10].

Materials and Methods

In the field of water treatment, mixing and contacting are important unit operations having
a fundamental influence on the performance of individual process stages or even on the results of
the complete process itself. The ever increasing demands on water quality call for continuous
improvement of the cleansing processes. This has led to a marked increase in the general use
of mixers for mixing and contacting operations in the treatment units.

Two reactors were used in the laboratory experiment. The procedures included two minutes
for rapid mixing, followed by eight minutes of slow mixing and half minutes settling,
approximately. Supernatant was taken for determination of turbidity test. Turbidity was measured
by turbidity meter. Raw samples, chemically precipitated samples and aerated samples have been
analyzed for transmittance (turbidity) and COD. COD was measured using Velp instrument and
according to the Standard Method for the Examination of Water and Wastewater, 1992 using the
closed reflux, titrimetric method. Table 1 shows analysis for samples from MED of Mobin
petrochemical complex.

Table 1.
Brine outlet
Composition Unit line
ppm as
Ca++ CaCO3 14616.3
ppm as
Mg++ CaCO03 36080
Fe++ ppm Trace
Ba++ ppm Trace
S04 -- g/l 5.25
HCOs - g/l 0.185
ppm as
Total hardness CaCO03 453
Salinity Percent 20
Conductivity ms/cm 58666
Silica ppm 0.1
Specific Gravity at
15¢ 1.25
pH 10.11
Viscosity
(Kinematic) mm2/s 1.2
TSS g/l Trace
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Results and Discussion

A submersible mixer is a mechanical device that is used to mix sludge tanks and other liquid

volumes. Submersible mixers are often used insewage treatment plants

to keep solids in

suspension in the various process tanks and/or sludge holding tanks. The submersible mixer is
operated by an electric motor, which is coupled to the mixer's propeller, either direct-coupled or via
a planetary gear-reducer. The propeller rotates and creates liquid flow in the tank, which in turn
keeps the solids in suspension. The submersible mixer is typically installed on a guide rail system,
which enables the mixer to be retrieved for periodic inspection and preventive maintenance.

_ 3500
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O 3000 - P ¢ .

(O]

@ 2500 ® For mixer, type two

g 2000

= For mixer, type three

)

@ 1500 ¢

5 . d .

= 1000

g * * ¢ 5

T 500

E " .l . . "om
0 T T T T

0 5000 10000 15000 20000
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Figure 1. Total hardness versus total alkalinity.

25000

The effect of three types of mixers on the total alkalinity and total hardness is illustrated in
Figure 1. All types present relatively poor elimination of total hardness at amount of 10000 of
alkalinity. Type two shows the effective elimination in the amount of total hardness in the range of

different alkalinity.

COD (ppm)

¢ For mixer, type one ® For mixer, type two
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—Poly. (For mixer, type three)
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Figure 2. The effect of sedimentation time on the COD.

2000

2020

The mixer type 2 shows the lowest amounts of chemical oxygen demands (in the range of

10 ppm to 15 ppm) in all related sedimentation times. This may be since of the
blades in flocculation mechanism. So, the organic compounds which react with
between flocs and sediments.

best effect of mixer
oxygen are trapped
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Figure 3. The effect of temperature and mixer shapes on the amount of BOD.

The effect of temperature and mixer shapes on the amount of BOD is investigated in Figure 3.
Biological oxygen demand is the major criteria in wastewater treatment. The mixing phenomenon
by mixer type 2 increases the temperature of reactor to 21C. the range of BOD values between
18.5 C to 21C are changed between 2 mg/I to 6.2 mg/I, respectively. Temperature distribution is not
considerable with mixer type 1, however mixer type 3 and type 2 shows wide temperature
distribution, comparably. According to the results in Figure3, the mixer type 2 removes BOD
effectively. So, at the adjusted temperature, the smaller amount of BOD is obtained, after using
type 2. This may relates to the best effect of blades in mixer type 2 on the coagulation and
flocculation of organic compounds. Temperature of environment doesn't show any clear effect in
the BOD elimination.

Conclusion

In this study, the effect of mixer blades and the number of blades on the amount of major
parameters of treatment process are investigated. Drainage of petrochemical desalination plant
makes environmental emissions and treatment of effluent wastewater is considered in this
research. The relations between important parameters such as turbidity, total hardness, alkalinity,
chemical oxygen demands and biochemical oxygen demands are presented based upon the results
of experiments.
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On-Line Hydrogenerator Rotor Winding Condition Assessment
Anastasiya B. Khorun

Tomsk Polytechnic University, Russian Federation
E-mail: abh3@tpu.ru

Abstract

On-line monitoring systems allow assessing the condition of generator stator windings,
bearings and the air gap are now widely employed by hydrogenerator plant operators. However,
there is no on-line monitor that explicitly determines the condition of the rotor field windings.
Although salient pole field windings tend to be very reliable, in each major outage plant personnel
spend a considerable amount of time doing the ‘pole drop’ test, to assure themselves that there are
no shorted turns on the field poles. In addition, the pole drop test may not be effective in detecting
shorted turns in the standstill condition.

Investigations have occurred to determine if rotor shorted turns can be detected at lower cost
during normal generator operation by measuring the magnetic flux from each pole as it passes a
probe that is placed in the air gap. The article presents the results of tests on several
hydrogenerators which show that there is some promise in the method.

Keywords: hydrogenerator, a rotor winding, rotor’s magnetic flux, monitoring, turn-to-turn
short circuits.

BBenenue

Jns  ruzpporeHepaTopoB cpefHed UM Oosbllled MOIITHOCTH Hambosiee paclpoCTpaHEHBI
SIBHOIIOJIIOCHBIE MAIIIMHBI, 0OMOTKAa POTOpa KOTOPBIX BBIMIOJIHEHA IIOJIOCOBBIM ITPOBOAHHUKOM [1].
To ecTb, 0OMOTKA COCTOUT U3 MEIHOM MOJIOCHI, KOTOPBIE HAJIOKEHBI BOKPYT IOJIOCHOTO HAKOHEYHUKA
B BH/IE BUTKOB C MEXBUTKOBOH MB0JIANNEN. DIEKTPUIECKas U30JIAINA, KaK ITPABUJIO, BBHITIOJIHEHA HA
OCHOBE CTEKJIOBOJIOKHA. IIpw 5TOM BUTKH HW3O0JHPYIOTCS KaK MEXAYy COOOH Tak W MEXAY
MarHuTOIPOBOZIOM. HecMOTpsi Ha BBICOKYIO HAJIEXKHOCTh BO BpEMs SKCIUIyaTallUd W3OJIAIUSA
TH/IPOTEHEPATOPOB POTOPHBIX OOMOTOK TIOABEPTaeTcs Pas3IMUYHBIM BO3ZEHCTBUAM, HAIPUMED,
TIEPErpeBy, 3arps3HEHUI0 OOMOTOK, a TaKXKe eCTECTBEHHOMY cTapeHMIo [1]. B Hacrosiiee Bpems
CPEACTB OmpeziesieHus: TPo00s MEKBUTKOBOM UBOJIAIMH HET. BOJIBIIMHCTBO IOBPEXK/IEHUH
BBISIBJISIETCS KOTZ[a BUTKOBOE 3aMbIKAHUE IIepepacTaeT B 3aMbIKaHUE HA 3€MJTIO.

Hasinyme BUTKOBOIO 3aMbIKaHUS OOMOTKH POTOpa NMPUBOAUT K HAPYIIEHUI0 MarHUTHOTO
TsOKEHUs, KOTopas, B CBOIO Ouyepeslb, MOXKeT IPHUBECTH K CHUJIBHOMY YyBEJIWYEHHUIO BUOpanuu
MO/IINIIHUKA, BIJIOTH /IO CPbIBA I'mMaporeHeparopa c¢ ¢yHaamMeHTa. XOTs IPAaKTUYeCKH Ha BCeX
reHepaTopax KOHTPOJIUPYeTCs BHOpAIus MOAIIUIIHUKOB, KOHTDOJb BHOpAIiM HE MOMKET
BBICTYIIaTh TOYHBIM METO/IOM IIOJIyYeHHs WHQOpPMANUM O BO3HUKHOBEHUM 3aMBIKAHUA IIO
IIpUYMHE CIJIBHOTO BJIMAHUSA HA YPOBEHb BUOpAanMM MHOTHX (DAKTOPOB HEIJIEKTPUUECKOTO
XapakTepa.
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CaMbIM HaJ/Ie?KHBIM W PACIPOCTPAHEHHBIM CIIOCOOOM BBISBJIEHUS KOPOTKOTO 3aMbIKAHUS
SIBJISIETCS  COTIOCTABJIEHWE YPOBHS TAaZieHUs] HAUPsDKEHWS Ha KakaoM Tmosoce [1] mpu
MIPUJIOKEHHOM IIEPEMEHHOM HANPSIKEHUH, HAlIpuMep 120 B, K KOHTaKTHBIM KoJibliaM. IIpoBepka
IIPOBOJUTCS HA OCTAHOBJIEHHOM M YaCTUYHO pa300paHHOM ruaporeHeparope. HampspoxeHue Ha
KaKOM IIOJIIOCE JOJIKHBI OBITh OAWHAKOBBI. Eciin B 0OMOTKe IOJIIOca MMeEeTCs 3aMbIKaHHe, TO
HaIIpAXEHHWE Ha 3TOM IIOJIIOCE 6y,aeT MEHBbIIIE, YEM Cpe€JHEe ITaJCHUE HAIIPDAKEHNA Ha OCTaJIbHbBIX.
ITOT METOJ UMEET TPHU CYILIECTBEHHBIX HEAOCTATKA:

e OH MOXeET 6bITb BBIIIOJIHEH TOJIBKO Ha OCTAaHOBJIECHHOM THApPOTe€eHepaTrTope — 4TO
MpPEATOoJIaraeT Y3KOHOMUYECKUE TIOTEPH.

+ 3aHHMaeT MHOTO BpPEMEHH, OCOOEHHO Ha OOJIBIIIOM pPOTOPE CO MHOTHMH IeCSATKaMu
TIOJTFOCOB.

¢ IIOCKOJIBKY PpOTOp H€ BpalllaeTcd, HET IIeHTpO6e}KHI)IX ClJI, WU IIO3TOMY OTAEJ/IbHBIC
nepemMmexarwnyue 3aMbIKaHUA HE BBIABJIAIOTCA HM3-3a TOI'O, YTO KOHTAKT B HHUX IIOABJIAETCA IIPHU
HOPMAaJIBHBIX CKOPOCTAX BpallleHUA.

I[ToMUMO TEXHHUYECKHX 3a7ay pas3paboTKa MOHUTOPHUHIA COCTOSIHHUS OOMOTKH pOTOpa
THIPOTEHEPATOPA MMO3BOJIUT PEATU30BATh CTPATETUI0 OPraHU3AIUA PEMOHTOB M0 TEXHUYECKOMY
COCTOSIHHIO.

3a nocijieguue 20 JieT UHTEHCUBHO BEAyTCA pa6OTbI II0 JUATrHOCTHKE BUTKOBOI'O 3aMbIKaHUA
B 00MOTKe poTopa TypboreHepaTopa Ha OCHOBE aHAIM3a JJAHHBIX C TaTYMKA MAarHUTHOTO IIOTOKA,
YCTaHOBJIEHHOT'O B BO3J:[y11[HbII>,I 3a30p MalIWHbI [1] MeTOZ[I/IKa IIEPCIEKTUBHA U IIPAKTUYECKU HE
HCIIOJIb30BaJIaCh IIpU JUATHOCTUKE ABHOIIOJIIOCHBIX THAPOTE€HEPATOPOB, BO3ZMOX¥HO IIOTOMY, UYTO UX
POTOPbI KOHCTPYKTHBHO OTJIMYAIOTCA OT POTOPOB Typ6oreHepaTopOB 1 3aTpyAHUTE/IbHA
WHTEpIIpeTaIusa N3MepeHnn.

MeToa MOHUTOPHUHTA

Metos; MOHHTOpMHTa OOMOTKH pPOTOpa 3aKJI0YaeTcsi B U3MEPEHHH He CHMMETPHUH
MAarHUTHOTO IIOTOKA B BO3JIyIITHOM 3a30p€ TeHEepaTopa, YTO ITO3BOJISET OIPEIEJINTDH IOJIIOC C
KOPOTKO3aMKHYTBIM BHTKOM. PaauasbHass COCTaBJAIOIIAA MATrHUTHOTO IIOTOKA CHHMAETCS
MIOCPEACTBOM JaTYMKA, BBIIIOJHEHHOTO B BHJE IJIOCKOUM KaTYIIKH, COCTOSAINEH W3 HECKOJIbKHUX
JIECATKOB BUTKOB, NMPUKJIEEHHON K 3y0y cTaTopa, WM B BUJE 30H/A, BBEIEHHOMY B BO3IYIITHBIH
3a30p Uepe3 KaHaJl CUCTEMBI OXJIaK/IeHusi. MeTo OCHOBAH Ha TOM, YTO B JIaTYHUKE UHYIIUPYETCS
9C, mponopruoHasibHad MAarHUTHOMY MOTOKY OT IMPOXOJAINIEro MUMO Aarduka mosroca. I/C
HU3MePSIETCA ¢ MIOMOIIBI0 OCIIJLIOTpada WiIM MOCPEACTBOM aHAIOTO-IIU(PPOBOro mpeobpa3oBaTes
U PErucTpUpyercs B KOMIIbIOTepe. B SBHOIIOJIIOCHOW MalllMHE BeJUYMHA paJuaIbHOMN
COCTAaBJISIONIEN MAarHUTHOTO MOTOKA OT Ka’KJIOT0 MOJII0CA POTOPA 3aBHUCUT OT BEJIMYHUHBI aKTHBHOM
YU PEeaKTUBHOW HArpy3Kd MAaIllMHBbI. A II0 U3MEHEHUIO B Ipoduie MOTOKAa B IMpejesax I0Jca
MOZKHO CY/TUTh O HAJTMYUH 3aMbIKaHUSI.

J/IC Ha BBIXOJle TAaTYMKA MOJKET OBITh 3aIlMcaHa B BUJIE BOJIHBI, MPEACTABJIAIONIEN cOOOM
KoJieOaHHWs OTHOCUTEJIPHO CpETHEr0 3HAueHHWsi IOTOKAa OT OJHOTO TMoJiroca poropa. Jloboe
YMEHbBIIIEHNEe TOTOKa OT IOoJiFoca ToBOpUT 00 ymeHbmieHuw MJIC, a IOCKOJIBKY TOK BO BCeH
00MOTKe OJMH W TOT 2Ke, TO ymeHblneHue MJ/IC, m3mepseMoil Kak aMIIep-BUTOK, TOBOPUT 00
YMEHBIIIEHHOM KOJIMYECTBE BUTKOB B IOJItOCe. [[JIsT ompesiesieHus MoJIioca ¢ HAJIMYUEM BUTKOBOTO
3aMbIKaHHs 3allFCAaHHbIE JaHHbIE CUTHAJIA AaHAJIM3UPYIOTCS, a IJIA 9TOTO HEOOXOAUMO OIPE/IETUTD
MIOJTIOC HavaJsIa OTCYETa ¥ IIPOHYMEPOBATh MOJTIOCA.

[To 4YyBCTBUTEIBHOCTH METOJT IIO3BOJISIET BBIABUTH 3aMbIKAHUE OJIHOTO BUTKAa. B Hem
Ipe/lyCMaTpUBAETCsI TPUMEHEHUEe aBTOKOPPEJIAIUKM, W CpPaBHEHHE HHTETPAJIbHBIX 3HAYEHUU
IIOTOKOB OT Pa3HOIOJISIPHBIX TTOJTIOCOB [3].

dKcnepuMeHTAIbHbIE U3MePeHUs
CHATHE JaHHBIX POBeEHbBI Ha ruiporeHepaTope CB 1470/149-144YXJ14 (Tabu. 1).

62




European Journal of Technology and Design, 2015, Vol.(8), Is. 2

Ta61mua 1. /laHHBIE MAIIIUHBI C YCTaHOBJIEHHBIM JATYUKOM IIOTOKaA

MOIITHOCTh, MBA KOJINYECTBO KOJINYECTBO BUTKOB n3MepeHHasd MalllnHa
IIOJIFOCOB Ha IOJIIC
78 52 27 U3

Ha pwuc. 1 mnokazaHa KpyroBas auarpaMMa MAaTHUTHBIX IIOTOKOB OT TIOJIIOCOB
HEIOBPEXK/IEHHOTO 52-TI0JIIOCHOTO ruzporeHeparopa Ha 78 MBA. Ilokazanus oOpabaThIBalOTCA B
COOTBETCTBHUH OIMCAHHOMY BbIllle MeToay. MarHUTHBIA MOTOK, IO CYIeCTBY, PABHOMEPHBIH IO

BCEH OKPY>KHOCTH POTOPA.

Puc. 1. KpyroBas quarpaMMa MarHUTHBIX ITOTOKOB OT HEIIOBPEXKIEHHBIX ITOJII0COB
(HopMas3upoBaHHAsA ITKaIa). B uzease moKeH ObITh KPYT, KOJIeOaHUsA 00YCIOBIEHBI
He KOHCTPYKTHBHBIM BBITIOJTHEHHEM MAaITUHbI

B xauecTBe 3KcIiepuMeHTa ObLIO UCKYCCTBEHHO CO3/IaHO 3aMbIKaHHE B BU/le IEPEMBIUKHU PUC.
2. [Ipu aTOM OBLIM 3aMKHYTHI 1 U 3 BUTKA B /IBYX pas3jMUHBIX Iosiocax (8 u 48). Ha puc. 3
[IOKa3aHa KpyroBas JuarpaMMa MarHUTHBIX IIOTOKOB OT IIOJIIOCOB C 3aMbIKaHUE B 8-M U
48-m mosioce. Kak BUAMM U3 puc. 3. METOJ MO3BOJIsIET HE TOJbKO (DUKCUPOBATh HATUYUE

3aMbIKaHHA HO U CTEIIEHDb €I0 Pa3BUTHA.
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Puc. 2. Bup 3ampikanus B mositoce 78 MBA reneparopa

Puc. 3. Kpyrosas quarpaMmma MarHUTHBIX IIOTOKOB OT IIOJIFOCOB
¢ 3aMbIKaHUe B 8-M U 48-M 1o110ce

BpiBOABI

Mero/i TI03BOJIAET B PEKHME PEAJIbHOTO BPEMEHU ITPOU3BOAUTH OOHApY:KEHHE BUTKOBOTO
3aMbIKaHUsA B OOMOTKEe pPOTOpa SABHOIOJIIOCHONH MamiuHbl . C KpPyroBod JuarpaMMbl UMeoIen
MIPUBA3KY K IOJIIOCY MOKHO OIIP€/IeJINTh IIOJIIOC ¢ MOBPEXK/IeHNeM U CTelleHb Pa3BUTUA JedeKTa.
V3MepeHre HECUMMETPHUU IIOTOKOB OT IIOJIIOCOB B BO3JYIIHOM 3a30p€ MOKET CJIY>KUThb OCHOBOU
JUISl TIOCTPOEHUSI CUCTEM CUTHAIM3AIUM M 3aIIUTHl OT 3aMBIKAHHN B OOMOTKE BO30YKAEHUS
ruaporeHeparopa. Hammune Ha I'DC cucreMbl MOHUTODHUHTA  COCTOSIHHMSA OOMOTKH PpOTOpA
rUJIporeHepaTopa IO3BOJIUT Peajn30BaTh CTPATerdi0 OpraHU3alyi PEMOHTOB TeHepaTopa IIo
TEXHUYECKOMY COCTOSIHUIO.
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AnHoTtamusa. CyliecTByIOI[Me B HACTOsSINEe BPEeMS CHUCTEMbI MOHUTOPHHTA B PEKHMeE
peayIbHOTO BPEMEHU IO3BOJISIOT OIPEENIATh MOBPEXK/IEHU B HMOJAIIUITHUKAX U HKCIEHTPUCUTET
pOTOpa, YTO HA CETOAHSIIHUN JeHb fABJAETCA IJIAaBHOU B3azadveidl. OJHAKO HE CYIIECTBYET
arnpoOUPOBAaHHBIX METO/IOB CIIOCOOHBIX SIBHO OIIPEIEJISATh COCTOSTHHE TOJIFOCHBIX 0OMOTOK pOTOpA B
PA3JIMYHBIX PeKUMax paboThI ruAporeHeparopa. Kak rnmpasusio, Haau4dmne NOBPEKAEHUN B 00MOTKe
poTOpa HaJEKHO OIpeJesiseTcs TOJIbKO Ha BBIKJIIOUEHHOW MamuHe. B pabore wuziaramorcs
pe3ysIbTaThl HCCIEAOBAHUA IO pa3paboTKe METOJa TEXHHUYECKOH JUArHOCTUKH HATHMYHSA
3aMbIKaHUN B 00MOTKe poTopa. MeTos; 0CHOBaH Ha MOHUTOPUHTE CHMMETPUU MarHUTHOTO II0JIf, B
pexuMe peasbHOTO BpeMeHU paboTaromell MamuHbl. li3MepeHMe TPOU3BOAUTCA € IOMOIIBIO
CHEIUATN3UPOBAHHBIX JIATYNKOB MArHUTHOTO IIOTOKA, YCTAHOBJIEHHBIX B BO3AYIIHOM 3a30pe.
[IpuBesieHbl 5KCIIEPUMEHTAJIBHBIE PE3YJIbTAThl, CHATHIE C THAPOTEHEPATOPAa, IOATBEPIKAAIOIINE
IIePCIIEKTUBHOCTD IIPE/IJIaraeMoro MeTo/ia.

KiroueBble cJjoBa: THApOTeHepaTop, OOMOTKa pOTOpa, MarHUTHOe II0JIe PpOTOpa,
MOHUTOPUHT, MEKBUTKOBOE 3aMbIKaHUE.
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Mathematical Modeling of Dynamics Floating Bell

1E.A. Kuznetsova
2S.S. Makarov

1 Kamsky Institute of Humanitarian and Engineering Technologies, Russian Federation
2 Institute of Mechanics, Ural Branch of the Russian Academy of Sciences, Russian Federation

Abstract

The article contains mathematical model and simulation of dynamics of raising the height of
the bell from the gas mass flow. The results obtained for the three sizes gazgoderov GM-600 GM-
6400 GM-24000. Assuming the law changes the mass flow rate of gas obtained by the functional
dependence of the height of the lifting bell on the initial state.

Keywords: wet gas tank, a mathematical model, the dynamics of the bells.

Beaeunue

AxTyanbHOW 3asaueld NMPU TPOEKTUPOBAHUM M 3DKCIUIyaTalluM OOBHEKTOB HedTerazoBOro
KOMILJIEKCA SIBJISIETCSA IIOCTPOEHWE M WCCJe/[OBaHME MaTeMaTH4YeCKUX MOJeJiel ITPOIEeccoB U
SIBJIEHUH, UMEIOIUX MECTO B IIPOU3BOJICTBEHHOM IITMKJIE€ CJIO’KHBIX TEXHHUYECKHUX OOBEKTOB H
cucteM. B cBA3uM ¢ 3TUM paspaboTKa MaTeMaTUYECKHX MOJieJiel, aJTOPUTMOB PAaCUETHBIX
IporpaMM M IIOBeJIeHUE YHCJIEHHBIX HCCIEJOBAHUM CIIOCOOCTBYIOT 0OoJiee JeTaJbHOMY U
BCECTOPOHHEMY U3YUEHHUIO PACCMaTPUBAEMbBIX TEXHOJIOTHUYECKUX ITPOIIECCOB.

Tak B pabore [1] cucTeMaTUYECKH H3JIOKEHBI JJAHHBIE IO KOHCTPYKIIUSM U OCHOBHBIM
XapaKTEPUCTUKAM Pe3epByapoB, TasroJIbIEPOB W JAPYTUX KOHCTPYKIUHA I XpaHEHUsA WU
TPAHCIIOPTUPOBKU CIKUKEHHBIX Tra30B, HedTENPOAYKTOB M TOKCHYHBIX BelllecTB. IIpuBemeHBI
yKa3aHHs IO WCIOJIb30BAHUIO Pa3pabOTaHHBIX MMPOTPAMMHBIX CPEJICTB /I NePCOHATHHBIX DBM
I10 OTIEPATUBHOMY aHAIU3Y ITAPaMETPOB PE3EPBYaPHbBIX KOHCTPYKIIHH.

O0beKTOM MCCIeIOBAHUA  ABJAETCA  MOKDBIM  Trasrospep, paboTaiomuid B
JIMHAMUYECKOM PEKUMe IIPUeMa U OTIIyCcKa ra3000pa3HbIX YIIEBOIOPOIOB.

IMesp0 uccaIegOBaAaHUM SABJIAETCA HCCIEAOBAHUE JAUHAMHUKH U3MEHEHHS BBICOTHI
MOJIHATHUA KOJIOKOJIAa OT MacCOBOT'0 pacxo/ia rasa.

3agauyu padoTeI: cOoOp U cucTeMaTusanusa HHGOPMAIUU IO HCC/IelyeMOMy IIpOLieccy;
paspaboTka pacueTHON CXeMbl MOKDOTO TIasTroJibJlepa; IIOCTPOeHHe MaTeMaTH4ecKOW MOojesu
Ipoliecca U3MeHEHHs BBICOTHI IOAHATHA KOJIOKOJIA OT MacCOBOTO PAacXofa rasa; HcciefiloBaHue
MaTeMaTUYeCKOH MOJIeJTH IIPOIecca MMPU KOPPEKTHBIX HAYAIbHBIX IAHHBIX.

la3rosip/iepbl TMPEACTABIAIOT COOOW HWHXKEHEPHBIE COOPYKEHWS, IpeJHA3HAUEHHbIE [IJIs
XpaHEeHHs Ta30B PA3JIMYHOTO IPOUCXOXK/IEHHUSA U Ha3HAYeHHs U CHAOKeHHbIe CIIeNHAIbHbIMU
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YCTPOUMCTBAMHU JIJIsI PETYJIMPOBAHUS OCHOBHBIX ITapaMETPOB XPAHUMBIX MaTepPHUaIoB (KOJHMYECTBO,
COCTaB | JIp.).

B cooTBeTCTBMUM CO CBOMM Ha3HAYEHHEM Tas3TOJIbJEpPbl MOTYT BBINOJHATH OJHY WU
HECKOJIbKO (DYHKITUI, OCHOBHBIMH M3 HUX SIBJISIOTCS:

a) ITUTEJIbHOE MJIN KPAaTKOBPEMEHHOE XpaHEHHUE rasa;

0) cMelIMBaHME U IIePEMENINBAHNE Ta30B PA3JIUUYHBIX COCTABOB MJIM OJTHOTO ra3a Pa3IUUHBIX
KOHIIEHTPaITH;

B) aKKyMYyJIUPOBaHHE SHEPTUH TABJIEHUS XPAHUMOTO Ta3a;

T') U3MepeHre KOJIMYeCTBA BIPabaThIBAEMOTO HJIU T00BIBAEMOTO I'a3a;

1) pacIipejieJieHHe ra3a Mpy HAIOJHEHUH Oa/JIOHOB, ITUCTEPH U AP. WIX MPH IOJaYe €ro B
HECKOJIBKO I1EXO0B;

€) BbIpaBHUBaHUE JIaBJIEHHUS ra3a B 3aMKHYTOH ra30pacipeeIuTETbHON CUCTEME;

’K) CUTHAJIM3UPOBAHHME O CTAOWJIBHOCTH YCTAHOBJIEHHOTO TEXHOJIOTHMYECKOTO IIpoIlecca WU
HapYIIIEHUH €ro.

PaccMoTpuM MOKpBIE TrasrosbAepbl HU3KOTO JlaBjieHUs. Takue TrasrojibJiepbl 10 CBOUM
TEXHOJIOTUYECKUM O0COOEHHOCTSAM OTHOCATCS K Ta3roJibiepaM IepeMeHHOro oobeMa (IoCTOSHHOTO
naBieHuss He Oosiee 5 kIla, 4TO COOTBeTCTBYeT 500 MM BoOj.cToyiba). B HuUX maBieHume rasa
COXpaHsEeTCs 3a CUeT Beca IMOJIBUKHBIX YacTeHd B pe3yJIbTaTe UX OIyCKaHUS WM noabeMa (puc. 1).

or. 1 dr, 2

Puc. 1. Cxema MOKpPOTO ra3rojpaepa

MOKpBI# ra3robAep nepeMeHHON eMKOCTH (hur. 1 1 2) CoAepKUT pe3epByap 1 ¢ KOHYCHBIM
JIHUIIEM 2 U C MOABEMHO-OIyCKAaeMbIM KOJIOKOJIOM 3. B pesepByape 1 BBINOJIHEHBI MAaTpyOKu
3aIl0OJTHEHUA 4 U 5 OMOPOKHEHUS pe3epByapa 1 MPOTOYHOU KUJIKOCTHIO, MAaTPyOOK /maTpyOkw/
MoJIBO/Aa 1 OTBOJIa raza 6.

3abopHas JacTh 7 marpyOKa OIOPOXKHEHWS 5 pe3epByapa 1 OT MPOTOYHOH >KHUAKOCTH C
0CaJIKOM, BBITIOJTHEHHAs B BUJE U30THYTOH TPYObI, HIDKHUI KOHEI| KOTOPOH YCTaHOBJIEH B IEHTPE
KOHYCHOTO JHHUINA 2, 2 BEPXHUU - BMOHTHUPOBAH B PACIIUPEHHYIO BEPXHIOI YacTh HM30THYTOTO
narpyOKa OIOpoKHEHU 5 Ha paccTossHUM "B" oT Bepxa pe3epByapa 1 B HECKOJIBKO BBIIIIE ITaTPyOKa
5, 4TOo obeclieunBaeT CJIWB U3 pe3epByapa 1 IMPOTOYHOM >KUJKOCTHU, BBITEKAIOLIEU C OCAJIKOM C
BEpPXHETO KOHI[a TPyOb! 3a00pHOI uacTu 7. /111 omopoKHEeHUA pe3epByapa OT KUJIKOCTU B JHUIIIE
2 BBITIOJIHEH NATpPyOOK 8, a /I MepuouvecKoil OYMCTKH JHUINA 2 pa3 B 3-4 roZila OT OCAJKOB
CHH3y B CTeHKe pe3epByapa 1 BBIIIOJHEH JIIOK C KPBIIKOW 9. [l ycTaHOBJIEHUA
pernamentupyemoro CHull paBiieHusa rasa B MeTaHTEHKaxX U rasrojibepax K KOJOKOJY 3 CHU3Y
MIPUKPEIUIEHbl ChEMHBIE TPy3bl 10, BeC KOTOPBIX HA3HAYAETCA C Y4YeTOM JuaMeTpa U Beca
KOJIOKOJIa 3.
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OCHOBHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTAMHU I'a3TOoJIbJEpa ABJIAIOTCA: peE3EpByap, KOJIOKOJI,
a TaKXe TPY6Ha}I o6Ba3ka. PaGota ra3rojipaepa OCHOBaHa Ha IIOCTYIIAaTE€/JIbHOM JABHXXECHHN
KOJIOKOJIA. HpI/I IIoABOAE ra3a 4epes3 HaTPY6OK KOJIOKOJI TIOAHUMAETCA, IIPU OTBOJE — OIIyCKA€TCA.

PacueTHasa cxema
Ha puc. 2 npeacrasiieHa pacyeTHasA cxeMa ra3rojbiepa MOKpPOTO.

d

ras

—>

-

Mar Moar

BOAa

Puc. 2. PacueTHas cxema rasrojp/iepa MOKpOTO

Ha puc. 2 h — BbIcOTa KOJIOKOJIa; 0— BHYTPEHHUU JHaMeTp KOJIOKOJIA; My — MaCCOBBIH
pacxo;i ra3a Ha BXO/JIE; Moy — MACCOBBIA PACXO/T Ta3a, OTOMPAEMbIi U3 Ta3T0JIb/iepa.

MaremaTuueckas MOJ€e/Ib
Bynem cumTaTh, UTO B KadecTBe pabouyero Tesja MPUHUMAETCA Ta3, OJM3KUUA IO CBOUM
CBOMCTBaM K HIeaJIbHOMY Ta3y.
3a OCHOBY JIIs1 pacueToB OepeTcs ypaBHeHUe MeHieneeBa — Kimanelipona:
pV =mRT, 17807 p=pRT 1)
rae p — abcotoTHOe naBiieHue, [la; V — o6bem pabouei mosioctu, M3, m — mMacea, Kr; R —
yZenpHasa rasosas nocrossHasd, [xx/(kr K); T — abcontoTHas Temneparypa, K; O - nioTHOCTb rasa.

3azjaueil TIOCTPOEHHs MAaTEMATUUECKONW MOJENU SBJISETCA WCCIeIOBAaHUE IIOBEIEHUS

¢dyskmuu h(t) — u3MeHeHHA BBICOTHI IOAHATUA KOJIOKOJIA OT MaccoOBOTO pacxoja rasa,
MI0/IaBA€MOTO0 My M OTOMPAEMBIA My U3 TA3TOIBEPA.
2
d 4V )
Torza samumenm: V = h To h = a7 O6peM paboueil OI0CTH OYAET U3MEHATHCS
IIPOTIOPIIMOHATIBFHO HaTaHCYy MAaCCOBBIX PACXOJIOB:
dv 1
—=—Am_, Am =Am_ - Am, .
dt p r r 1r 2r
{ - Bpewmsi.
Orcroza umeem 3anuch 7yig h(t) - U3MeHeHUA BBICOTHI MOJHATHA KOJIOKOJA OT MacCOBOTO
dh 4
pacxozma rasza: —— = —ZAmr. [I;1oTHOCTP Ta3a BBIPDA3UM W3 ypaBHEHUs COCTOSHHA (1):
t zd°p
p=p/RT , torna:
dh 4RT
—= —ZAmr (2)
dt zd°p

[TosryueHHOE cooTHOIIeHHE (2) OyZeM HCIOJIB30BaTh B KauecTBe OCHOBaHHOTO. [Ipumem 3a
nesneByo GyHKIUO - h(t).
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Pe3ysibTaThl MOAEIUPOBAHUSA

IIpoBe/ieHHBIA IIpeABAPUTEIBHBIA 0030p W aHAJN3 JIUTEPATyPHBIX HMCTOYHHKOB [2-5]
BBIOpaHbl HavYaJIbHbIE ITapaMeTphl Il TPeX TUIIOB ra3roJibJIEpOB: BBICOTA, JUAMETP KOJIOKOJIA U
nasyieHue tabi. 1.

Tab6aura 1. MicxoiHbIE TaHHbBIE JIJIST MOJAEIUPOBAHUS

Pa3zmepsr JlaBiieHue
Tun
KOJIOKOJIa, M raza, Mlla
ra3roJibJep

Juametp| Beicota | min | max

I'M-600 12,479 | 5,296 | 1400
I'M-6400 27,5 11,27 :le.gg(())/ 4000

I'M-24000 | 35,876 | 11,145 2400%*

*B uncaurene — IIPH OIIYIIIEHHOM TEeJIECKOIIE, B 3HaMeHAaTeJIE — IIPU ITIOAHATOM

B kauecTBe pabouero Tesia UCIOJIb3YETCs Ta3 MeTaH, yAeabHas ra3oBas mocrossHHass Rg=519
Ik /(xr K) mpu remnepatype T=300K.

Kak BapuaHT, 3aKOH M3MEHEHHSA MaCCOBOIO PAacXo/ia BO3MOKHO B3SITh W3 HKCIIEPHUMEHTA.
OxHako, B CBA3M C MHOroobOpasueM Obla BBIOpaHa
CHHYCOHaJIbHAsA 3aBUCUMOCTH (puc. 3).

IKCINUIYyaTallUOHHBIX PEXHNMOB,

1

0.8
0.6
0.4

-

£
f1(t)

02
— 0.4
— 0.6
— 0.8

0 10 20 30 40 S0

t

60 10 100

.t P
f =dm-sin(—): f1=dm-sin(—
(10) (20)
Puc. 3. 3aKOH HU3MEHEHHA MaCCOBOT'O pacxo/a ra3a

BusgHo, uto t/10, t/20 onpeaenseT UHTEHCUBHOCTD MTOAAuH Ta3a. [[Jis JajbHEHIITUX pacueToB
Oepem 1epBy0 GyHKIHUIO - f.

[IpuMeHsAsA 3aKOH JIi BBIODAHHBIX HCXOJHBIX AAHHBIX (Tabj. 1), ©MeeM B3aBUCHUMOCTh
MTOHATUSA KOJIOKOJIA OT ero auamMerpa (puc. 4).
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h —TM-600; h2 —T'M-6400; h3 —T'M-24000
Puc. 4. 3aBucuMOCTb BBICOTHI NOAHATHA KOJIOKOJIA OT €ro AruaMerpa

V3 poBeZIeHHOTO MOJIEJTPHOTO pacyeTa BUJIHO, YTO, YeM OOJIbIlle MaMeTpP KOJIOKOJIA, TeM
MEeHbIIIE BBICOTA MOAHATHA KOJIOKOJIA.
Ha puc. 5 mpuBeieHa 3aBUCUMOCTD BBICOTHI IOHATHS KOJIOKOJIA OT MAaCCOBOTO pacxo/ia rasa.

0.01
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h — mpu dm=1 kr/c; h2 — nmpu dm=2 kr/c; h3 — mpu dm=5xr/c
Puc. 5. 3aBUCUMOCTD BBICOTHI TIOJTHATHS KOJIOKOJIa OT MacCOBOTO pacxojia raza ajsa 'M-600

BI/II[HO, YTO 4Y€M MEHbIIE pa3HHIlda MACCOBOIO pacxoJa ra3a B ra3roJibgepe, T€éM BbICOTa
IIOAHATHUA KOJIOKOJIA MEHbIIIE, 4 U3MEHEHHE BbICOTHI IIOJJHATHA KOJIOKOJIA IIOJYNHACTCA JIMHEHHOH
3aBUCHUMOCTH, T.€. BO CKOJIBKO pa3 YBEJIMUHUBACTCA U3SMEHECHHNE MAaCCOBOTO pacxoaa, BO CTOJIBKO XKe
YBEJIMYUBAETCA 1 BbICOTA IIOAHATHA KOJIOKOJIA.
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MareMaTu4eckoe MOAC/INPOBAHUEC THHAMUKHN
KOJ/JIOKOJIA MOKPOToO ra3rojJbpacpa

LE.A. Kysnenosa
2 C.C. Makapos

1 KaMCKU¥ MHCTUTYT TyMaHUTAPHBIX U HHKEHEPHBIX TexXHOJIoTHit, Poccuiickas Deeparus
2 Muctutyt mexanvku YpO PAH, Poccuiickas ®eneparus

AnHoTamua. B pabore 1mpuBegeHa MaTemMarhdeckas MOJIeIb U PE3YJIbTATHI
MOZIeJINPOBAHUA JUHAMUKU U3MEHEHU BBICOTHI MOAHATUA KOJIOKOJIA OT MacCOBOI'O pacxo/ia rasa.
PesysipraTel moJsiydeHBl AJiA TpeX TUIOpasMepoB rasroaepos I'M-600, I'M-6400, I'M-24000.
3a7iaBasch 3aKOHOM H3MEHEHUs MAacCOBOTO pacxoja Tasa, NoydyeHa QYHKINOHAIbHASA
3aBUCHUMOCTh U3MEHEHUs BBICOTHI MOAHATHA KOJIOKOJIA OT HA4aJIbHOTO COCTOSTHUS.

KiroueBble cJIioBa: Tas3rojbJlep MOKpPBIM, MaTeMaTH4yecKas MOjeb, JUHAMHUKa
KOJIOKOJI1a.
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Modeling of Diagnostic System for Detectoin Torn-To-Turn Short Sircuits of Rotors
windings Turbogenerator Based on the Analysis of the Signal's by Measurements
Standard Transducers

Olga V. Liyasova

National Research Tomsk Polytechnic University, Russian Federation
634034, Tomsk region, Tomsk city, Lenina avenue, 30
E-mail: vliov@mail.ru

Abstract

The new method of short-circuit of coils protection in synchronous generator’s rotor winding
is based on the circuit of Pot'e. The mathematical model is developed and researched, allows to
determine the number of damaged coils in real time.

Keywords: turn-to-turn short-circuit, rotor winding, turbine-type generator, circuit of
Pot'e, rotor’s standard current.

Beeagenue

ButkoBble 3ambikaHus (B3) B oOmorke poropa TypOoreHeparopos (TT) saBisatorca
pacrpocTpaHeHHBIMU [1, C.17] W B TOXe BpeMA TPYAHO NOAJAIIIUMUCA MOHUTOPUHTY
HEHCIIPABHOCTAM [2, ¢.5]. TpyaHoctu quarnocrupoBanusa B3 oOMOTKH poTopa B pabouux pekumax
reHepaTopa CBfA3aHBI, MPEXKAE BCEro, ¢ (U3UKOU BO3HUKHOBEHUS 3aMBIKAHUS, ITOCKOJIBKY
3aMbIKaHHE, KaK IMPAaBWIO, SBJISAETCA HE «METUUIMYECKHMM» T.e. BUTKH B3aMKHYTHl 4Yepe3
mepexoAHoe compoTtuBieHre. CaMo 3aMbIKaHUE, MOXKET HOCHTH IepeMeKaloluil xapakTep [3,
c.21]. IlajleHrie HAUPsSOKEHUH MeEXKY COCEJHHMMU BUTKAMHU HAXOAUTCSA Ha ypoBHe 1.3 B m
CJIEIOBATEIbHO HET YCJIOBUU Il BO3HUKHOBEHHs 3JIEKTpUYECKOW aAyru. Bimsame B3 Ha
M3MeHeHUs TOKOB U HaIpshKeHWH B pOTOpe U CTaTope He3HauuTesbHO 1.2 %. TeMm He MeHee,
OCHOBBIBAACh HA MMeEIOIIEHCA 3aBUCHMOCTH MEX/ly MarHUTOABMKyInel cunoit (MZIC) F = If -w

U BeJINUMHAMU PEAaKTHBHOU MoOIITHOCTH Q, pazpaboraH crocob BbisiBieHUs B3 B 00MOTKe poTopa
TT. laHHBIN c1IOCOO 3aKJIFOUAETCS B TOM, YTO IIyTEM HCIIOJIb30BAHUA MaTeMaTHdeckon mozaenu TT
110 U3MepsAEeMbIM TeKyILIHM I1apamMeTpaM CTaTopa NPOU3BOAUTCA pacueT 3TAJIOHHOTO TOKA POTOpa,
KOTOPBIH /I0JI’)KEH COOTBETCTBOBATH OIpe/iesieHHOMY pexkumy pabotel TT'. IIpu BosHukHOBeHNU B3
BO3HHKaeT HECOOTBETCTBHE MeK/Ay PacyeTHbIM M (PaKTUYeCKUM 3HadYeHHeM ToKa poropa. llessro
JIAaHHOUM paboThl ABJIAETCA U3JIOKEeHUe MaTepuasia Mo UCCJIEIOBAHUI0 BO3MOKHOCTU MOCTPOEHUS
CUCTEMbI TEXHUYECKOU JJUAarHOCTUKHU 110 BbIABIeHUI0 B3 B oOMoTKe poTopa TT.

HccnenoBanue crocoba BeIABAeHUsA B3 oOMOTKM poTopa Ha paHHEN CTafuu Pa3BUTHUA
nedekTa OBUTH MCIOJIF30BAHBI SKCIIEPUMEHTAIbHBIE TaHHBIE TapaMeTpoB cHATHIX ¢ TT TBB-500-
2¥3 9xmbacrysckou ['POC-1.
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[TpuHIUI TTOCTpOEHMsT crocoba BhIsABJIEHUs B3 IpejcTaBiieH CTPYKTYpPHOH OJIOK-CXeMOU
(puc.1), KOoTOpasi COCTOUT W3 JATYUKOB. B mepBoM OJioKe copep:kutcss oO6paboTKa mapaMeTpoB
TEIJIOBOTO COCTOSTHHS TeHepaTopa JUIs N-TO peXHMa TeKyIed Harpy3KH, TaK)Ke JJIsI DTOTO
pe’krMa B 4eTBepTOM OJIOKe MPOU3BOAUTCI 0O0pabOTKa 3JIEKTPHUYECKUX mapameTpoB (S, I, cosg,
sing). O6paboTKa HCXOJHBIX, JOTOJHUTEJIBHO PACCUMTAHHBIX WM 00paboTaHHBIX JaHHBIX TT,
KOTOpbIE€ TOCTYHAlT U3 1 U 4 OJIOKOB JIUIsI pacueTa KOJHUYECTBAa KOPOTKO3aMKHYTHIX BUTKOB U
ATAJIOHHOTO TOKA POTOPA, OCYIIECTBJIsIETCS B MATOM Osioke. COCTOsIHUE reHepaTopa 0OToOpaskaeTcs
Ha 5KpaHe MOHHTOpA B IecToM OJIOKe, 7-0JIOK WHAMKAIUU. Bo BTOpOM OJIOKE yCTAaHOBJIEHBI
JIATYUKH TEMIIEPATYPBI, B TPETHEM — JATIYUKU TOKA U HATIPS’KEHHU.

Q
e p | biok
TT I, | pacuera
=[] n
a f | xox-Ba
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Puc. 1. Ilpunnun nnocrpoerusa B3

[IpenBaputesbHO B 0asy AaHHBIX BHOCAT i Kaxkaoro TI 3aBojickue HOMHHAJIbHBIE
JlaHHbIE, JTaHHBIE I[IOCJEJHUX MCIbITAHUN HAa HarpeBaHue, KaJIMOPOBOYHbBIE JIAHHBIE
WHAYKIIUOHHBIX JTaTYMKOB TOKa pOTOpa U JIaHHBIE PACYETOB TOKA POTOpA HA HArpy304YHOU
XapakTepUCTHUKe Bo30yauTensa (Aya OeclieTOUHOW cuUCTeMbl BO30y:kaeHuUs): P-akTuBHas
MOIIHOCTh, Q- peakTHUBHasA MOIIHOCTh, U- HampsokeHue, f- gacrora Toka, lp,- HOMUHAJIBHBIN TOK
poTopa, N- KOJUYECTBO BUTKOB OOMOTKH POTOPA, Xd*- IPOJOJIBHOE IEPEXO/THOE HHIYKTHUBHOE
COTIPOTHBJIEHHE TeHEepaTopa, Fis- COMPOTHBJIEHHE OOMOTKH POTOpa IO MOCTOSHHOMY TOKY IIpHU
TeMmIeparype 15°, lta-pacueTHoe 3HaueHHEe TOKA PEaKIIUU CTaTopa, lw- 3HaueHue ToKa BO30YKIEHU
mo XK3, KOTOpBIA COOTBETCTBYET HOMHHAJIBHOMY TOKY CTaTOPa, X.X.X.- XapaKTEPHUCTUKA XOJIOCTOTO
X071a, X.K.3.- XapaKTepPHUCTHKAa KOPOTKOTO 3aMbIKaHusA. [lasiee mpousBojaaT pacder lp, ¥ Apyrux
JIOTIOJTHUTEJIPHBIX IIapaMeTpPOB, KOTOPhIE B IIOCTEAYIOIEM BHOCAT B 0asy JaHHBIX. CHUMAIOT
aJiekTpuueckre mnapaMmeTpbl ¢ TI: P-akTuBHass MOIIHOCTh, Q- peaKTUBHAsT MOIIHOCTb,
U- Hampsi’KeHHe craTopa, f- gacrora Toka u lpusy- TOK poropa (Ipy HAJIUYUK HENOCPEACTBEHHOTO
U3MEPEeHUs TOKa pOTOpa, MNPHU OTCYTCTBUH H3MEPSIOT JIPYTUMH KOCBEHHBIMU METOJIAMU).
B 3aBepiieHUN pacCUMTHIBAETCA TEKYIIHH STAJIOHHBIA TOK POTOpa IO MaTeMaTHYECKOH MOJETU

(puc. 2).

73




European Journal of Technology and Design, 2015, Vol.(8), Is. 2

3=fp2+Q2 o 1o = S
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Puc. 2. PacuetrHbie GOpMyJIbI

KoanuecTBo KOPOTKO3aMKHYTBIX BUTKOB OIIpEAEIAETCA 110 (bopMyJIe:

n,=n(l- Ii) @)

Pusm
rzie: M,.- 3aMKHYBIIIEeCs KOJIMYECTBO BUTKOB, M- 00IIlee KOJI-BO BUTKOB OOMOTKHU POTOPA;
I+ - BTAJIOHHBIN TOK pOoTOpa (paccYnTaHHBIN IO ITapaMeTpaMM CTaTopa);
Ip 4=~ TOK POTOPA, U3MEPEHHBIN B TEKYIIIEM PEXKIIME.
B ciyuae mosBieHHA KOPOTKO3aMKHYTBIX BUTKOB (71, = 1) cpabaTbIBaeT CHUTHAIH3AINA,
CBU/IETEJIbCTBYIOINIAS O HaYaJIe MOABJIEHNUA TOBPEXK/IeHNA B 0OMOTKE POTOpA.

Jna ompeaeneHUs COCTABJAOIUX XaPAKTEPUCTHK BOCIOJIB3YEMCA BCIIOMOTATEIbHOU
nuarpammoi ITotbe.
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Puc. 3. luarpamma IloTse

Kak npumep pacuera ompejesieHUs KOPOTKOTO 3aMblkaHus npuseneM TI' tuma TBB-500-
2Y3 dkubacrysckoit I'PIC-1.

1. IIpegBapuUTENTBHO OMpEENAETCH STAJIOHHBIN PACUETHBIN TOK POTOpPA U KO3(PDUIIHEHTHI
IIpUBEIEHUS IMapaMeTpOB cTaropa K OOMOTKe BO30YXKAeHUs PpOTOpa IIPU HOMUHAJIbHBIX
nmapaMmeTrpax cratopa. HomuuanpHble ma"Hble: P = 500 MBt, Q = 310 MBAp, Uc= 20 kB,

Cos¢=0,85, f = 50 I';, Nn=126 BUTKOB, lta= 2310 A, ls= 2550 A, xd*= 0,355, Ipu= 3530 A -
pacyeTHOe 3HaYeHHne HOMHUHAJILHOTO TOKa POTOpa.

2. Jlasiee pacCUMTBHIBAETCSA MTOJTHAS MOIITHOCTD S 110 hopMyJie:

S=4P*+Q? )
S = /P?+Q? =+/500? +300% = 588,303 MBA

3. Berumcsisiercsa mompaBOYHBIA K03(GGUIMEHT K;, YIUTHIBAIOIINN H3MEHEHHE IaJIeHUs
HanpsDKeHUsT Ha pacyeTHOM WHAYKTHBHOM COINPOTHBJIEHUM paccenBaHus IloTee  Xp Ipu
OTKJIOHEHHH TEKYIIleH 4acToThl fr T HOMUHAIbHOMU, paBHOU 50 ', 10 hopmyrie:

f
ki ==L 3
750 (3)
f = i = 5—0 = 1
50 50
4. PaccuutbiBaeTcs TOK cTaTopa 1no ¢gopmysie I:
S

| =——— (4)

c \/§UC
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, __ S 588303

©J3-U. 320
5. Ompepensercs Sin ¢ yria caspura ¢as mexay HanpstkeHueMm Uc 1 Tokom | 1o dopmye:
sing = (1—cos¢?)%® (5)
sing = (1-cos¢?)*° = (1-0,85°)>° =0,527

6. Ompenensierca Xp+ — pacuyeTHOe HHAYKTUBHOE COIPOTHUBJIEHHE paccesHUs OOMOTKHU
sAKOp#, 10 hopmyie:

=17«kA

X ,.=0,81972-X,. ©)
X ,.=0,81972-X . =0,81972-0,355 = 0,291

7. Ormpepnensiercs Xp B MMEHOBAHHBIX €JIMHUIIAX 110 (popMyJie:

« . 0.81972-X,.-U, -

p \/§ IC
£ 0,81972-X,.-U, 0,81972.0,355-20

4 NCH V317

8. Ormpenensercsa AUxp TafieHne HaNIPSAKeHUA Ha Xp 110 popmyie:

AU, =+3-X -1 -k, (®)
AU, =+3-X -1 -k, =+/3-0,19766-17-1=582xB

9. Ompenenserca IO HUCXOAHBIM JAHHBIM COCTABJIAIONIASA TOKa BO30YXAeHUA |,
WHAYKTUpYIOIas 3JeKTpoABMKylylo cuiny ID/IC paccemBaHusdA, NpPONOPIMOHAIbHAsA W paBHAA
nafieHuIo HanpskeHusa AUxp Ha THAYKTUBHOM collpoTusieHnu IloTtse:

I fsu — Iﬁ< o Ifa (9)
g, =1, —1, =2550-2310 =240 4

10. Ompepesnsiercs 10 HAYAJIbHOU IPAMOJIMHEHHON yacTu XXX (MOsCHAIONMIAA uarpaMma
IToTee puc. 3) k03dduIueHT Ks- ITpUBeIeHNs HaMarHUYUBAIOIEeH CHJIbl PACCEUBAHUSA WJIU TOKA
paccesiHUs cTaTOpa K 0OMOTKe BO30YK/IEHUSI U COOTBETCTBYIOIIHUI TOKY poTopa | s, /IS co3/1aHus
nazsieHuss HanpsokeHus AUxp, B peXHMMe KOPOTKOTO 3aMbIKaHHs INPU TOKE CTaTOpa, PaBHOM

HOMUHAJIBHOMY TOKY lc 10 (popMmyste:
V3-X,

X =0,19766 Owm,

K,=—F"F— (10)
IfSH
3-X, 1 . .
kS:\/_ ol _\/3:01976617 oo kB
| 0,240 kA

fsu
11. Omnpegenserca no XK3 (puc. 3) koapdunuent kg- INpHBEAEHHA IIOJHOH

HaMarHWYMBAOIIEH CUJIBI WJIM HOMUHAIBHOTO TOKA CTaTOpa K 0OMOTKe BO30YK/I€HUS B PeKIMe
KOPOTKOTO 3aMbIKaHUA 110 hopMyIie:

kK, =—% (11)
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12. Ompegpenssior mo XXX wu XK3 (puc.3) xkosdpduimuedt Ka- HOpUBEAeHUS
HaMarHWYMBAKOIIEH CWJIbl WM TOKA PEaKIMU CTaTopa K OOMOTKe BO30OYXK/IEHUs B PeKHUMe
KOPOTKOTO 3aMbIKaHUs 110 hopMyJie:

k. —v3-X -k
k, =— ¥3:X, -k, (12)
K, -k,
k. —3-X -k _ 3. .
- V3-X, -k, _24,25-4/3-0,19766 6,6666 _ 1 ;e
K, -k, 24,25 6,6666

13. OmpenensieTcsi pe3yJIbTHUPYOIIAs 3eKTpoaBrkymas cuna I/C Ep 10 BEKTOPHOU
JiuarpaMMe Halpsi»KeHUH reHepaTopa (puc.3) u 1no dpopmyie:

E, =,/(AU,, +U, -sing)® + (U, -cosg)’ 13)
E, =(AU,, +U, -sinp)? + (U, -cosp)? = /(5,82 +20-0,5268)* + (20-0,85)* = 23,59k

14. Ompepnensiercs sin (Y+¢) - yriia Mexxay Bekropamu Ep 1 Ic o dopmysie:

AU, +U,-sing

sin(y +¢) = = (14)
p
AU, +U_-sin .
Sin(y + ) = s Ec (P:5,8+§(3)5(;5268:O’693

p

15. Ompenensiercss cos (y+¢ +90°) - yriia MeXay COCTaBJISAIOIIMMU TOKa pOTOpa IO
COBMEIIEHHON JIHarpaMMe HamnpspKeHHW W AuarpaMMe HaMarHUYHMBAIONUX CHUJI reHepaTopa (1o
nuarpamme [loTbe puc. 3) mo popmyiie:

cos(y +@+90°) =—sin(y + ¢) =—0,693 (15)

16. TIlocme storo mpoumsBoautcsa skcrpanossanusa XXX TI zaBucumoctu s = f(U) s
MOJIyYeHHUs MOJIMHOMA:

| =a,+a-U+a,-U*+...+a, -U" (16)

r7e do-an- K03 GUImeHTs TOIUHOMA.
B pexume xosiocroro xoza E=U u Tok portopa lij A j-TO pexxuMa OIpeAesisieTcsl I0
COOTBETCTBYIOIIIEH 3TOMY TOKY, pesyabtupyitomeil dJIC Eyj. IToacraBuB B (16) mosiydeHHBIE TPU

OKCTpaIloJIAIuu XXX KOS(I)(l)I/IIII/IeHTI)I IIOJIMHOMAQA, YpPaBHE€HHE IIOJIMHOMA /[JIA KOHKPETHOIO
reLeparopa IpuHUMaEeT BU/:

|, =—623567,89 +183460- E, —22434,1-E ? +
+1460,4-E ° —53,346 - E * +1,0363- E,° —0,0083576 - E ,°

17. Ompenensercss TOK BO30ykJeHUs lpn, 1O COOTBETCTBYIOIIEH STOMY  TOKY
pesynbrupytomieit 9/1C E,=23,59 /1J11 HOMUHAJIBHOTO PeKuMa:

|, =—623567,89+183460- 23,59 — 22434,1- 23,59° +
+1460,4 - 23,59° — 53,346 - 23,59 +1,0363 - 23,59° — 0,0083576 - 23,59° =1,511xA4

18. Ormpegnensercss pacueTHbII HOMUHJIBHBIA TOK poropa ls 1o jguarpamme
HAaMarHWYMUBAIOIIUX CUJI FreHepaTopa puc.3 1o popmysie:

'fH:\/'fa2+'@2+2-'fa'|@~sin(7+co) (17)
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Ly =12 41,2420, -1, sin(y +¢) =4/2,31° +1,5112 +2-2,31-1,511-0,693 = 3,530 x4

ITosiyueHHBIE JIOIIOJIHUTEIbHBIE pacueTHbIe JaHHBIE Ks, Ka, MOJIMHOMBI ¢ pacCUMTaHHBIMU
KO3 duIeHTaM HMEIOT I KaXKJO0TO0 KOHKDETHOIO TeHepaTopa BIIOJIHE OIpe/leJIEHHbIE
3HAYEeHUS U BHOCATCS B 0asy JaHHBIX OJIOKA 5 YCTPOHCTBA. AHAJOTHYHO PaCCUYUTHIBAIOTCS
rmapaMeTpsl U i ocTayqbHbIX TUMOB TI. Jlajsiee ¢ MOMOIIBIO YCTPONCTBA PUC.1 PACCUUTHIBAETCS
STAJIOHHBIA TOK POTOPA B PEXKUMAX, PA3JIMYHBIX OT HOMHHAJIBHOTO PEKUMA.

[Ipe/ioxkeHHBIN €IIOCOO OTIMYAETCA IMPOCTOTOU, JTAET OJHO3HAYHBIE BBIBOABI O HAJIMYUH
BUTKOBBIX 3aMBIKAHUH B POTOPE, HE TPeOYeT JIOMOJHUTEIHPHOTO HU3MeHeHHs KOHCTpykKnmu TT,
YCTaHOBKH JIOTIOJTHUTEIbHBIX U3MEPUTETHHBIX ITPUOOPOB.
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MopaesnpoBaHHU€E CHCTEM JUATHOCTUKH BUTKOBOTO 3aMbIKaHUA OOMOTKH POTOpPa
TypOOreHeparopa Ha OCHOBE aHAJIN3a CUTHAJIOB
OT LITATHBIX CPEICTB U3MeEPEeHUs

Osera BnagumuposHa Jluscosa
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AnHoTtamusA. IIpeniokeH HOBBIM CHOCOO 3aIUTBHI OT BUTKOBOTO 3aMBIKAHHS B OOMOTKE
poTOopa CUHXPOHHOTO TeHepaTopa Ha OCHOBe auarpaMMmbl IloTbe. PazpaboTaHa u ucciaemoBaHa
MaTeMaTH4Y€eCKasd MOJEJIb, IIO3BOJIAIOIIAA OIIPEaeJATb KOJHNYECTBO IIOBPEXJCHHBIX BHTKOB B
peajibHOM BpEMEHHU.

KiroueBble ¢jI0Ba: BUTKOBOE 3aMbIKaHHE, 0OMOTKa pOTOpa, TypboreHepaTop, AuarpaMmma
IToTbe, STAIOHHBIN TOK POTOPA.

78




European Journal of Technology and Design, 2015, Vol.(8), Is. 2

Copyright © 2015 by Academic Publishing House Researcher e —
* K x Published in the Russian Federation |
B x European Journal of Technology and Design B S indias e
e * . . 2
¥ * Has been issued since 2013. -
ISSN: 2308-6505
E-ISSN: 2310-3450
Vol. 8, Is. 2, pp. 79-85, 2015
DOI: 10.13187/¢jtd.2015.8.79
www.ejournal4.com === [l
UDC 532.522

Mathematical Modeling of Fluid Outflow from the Reservoir

1L.A. Mihalchenko
2S.S. Makarov

1 Kamsky Institute of Humanitarian and Engineering Technologies, Russian Federation
2 Institute of Mechanics, Ural Branch of the Russian Academy of Sciences, Russian Federation

Abstract

The article contains mathematical model and the simulation results of liquid outflow from
the reservoirs at alternating dynamic level. The results obtained for the three sizes of vertical steel
tanks — PBC PBC-1000 -5000, -20000 PBC and horizontal tanks, wagon — tanks of 50 m3 and
100 m3 and 150 m3. Obtain a functional dependence of the liquid outflow from the tanks,
depending on the diameter of the outlet nozzle. For horizontal tank volume of 50 m3 is given
assessment of the impact of the coefficient of flow at the time of expiration.

Keywords: reservoir, mathematical model, an issue, a liquid.

Beeagenue

AXTyanpHOUW 3a/aueld NMPU MTPOEKTHPOBAHUHM M HKCIUIyaTalluM OO0BEKTOB HedTerazoBoro
KOMILZIEKCA SABJIIeTCA IIOCTPOEHHE U HCCIe[lOBaHME MaTeMaTHYeCKUX Mojesed IIPOIEeCCOB U
SIBJICHUY, MMEIOIINX MECTO B IPOM3BOJCTBEHHOM ITUKJIE CJIOKHBIX TEXHHUYECKUX OOBEKTOB U
cucreM. B cBa3u ¢ 3TUM pas3paboTka MaTEMAaTHYECKUX MOJesiel, aJIrOPUTMOB PaCUETHBIX
IpOTPAaMM H TIOBEIEHHWE YHCJIEHHBIX HCCIETOBAHUM CIOCOOCTBYIOT 0oJiee [IeTaJIbHOMY U
BCECTOPOHHEMY U3yUEeHUIO paCCMaTPUBAEMBIX TEXHOJIOTUYECKUX ITPOLIECCOB.

O0BeKT wWUcCcaexOoBaHUA: pe3epByapbl BePTHUKAJbHbIE W  TOPU30HTAJIbHBIE
IWJINHpUYECKHe CTaJIbHbIE 1J1s XpaHeHusa HepTU U HePTePOIYKTOB.

IHesnb padoThI: HccleOBaHUE JUHAMUKU HUCTE€UEHUA KUJKOCTU U3 pe3epByapoB IpHU
IIepeMeHHOM JJUHAMHU4YeCKOM YpOBHeE.

3agaum: c60op u cucremarusanuda UWHPOpMAIUU IO HCCIAESyeEMOMY IIPOIECCY;
pazpaboTka pacyeTHON CXeMbl pe3epByapa; IOCTPOeHHe MaTeMaTUYeCKOM MOJiesId Ipolecca
HCTEeUYEHUsA JKUJKOCTH W3 pe3epByapoB IIpU IE€pEMEHHOM JIMHAMHYECKOM YPOBHE;
HccJie/JoOBaHNe MaTeMaTHUeCcKON MO/IesIu Iporecca IPU KOPPEKTHHIX HAYaJIbHBIX [AHHBIX.

B mpakTuke XpaHeHUs PA3INYHOTO POJA KUJAKHUX YIJIeBOJIOPOJOB IIMPOKOE IPUMEHEHUe
HAIIJIU BepTUKAJIbHbIEe U TOPU30HTAJIbHBIE pE3epByapa.

[Tpumepom moryT cykuTh PBC — pe3epByap BepTUKAJIBHBIN CTATIBHOH (pHUC. 1).
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Puc. 1. PBC

[TpuMepaMH TOPU30HTAJIBHBIX PE3€PBYAapOB SIBJISIOTCS »KEJIE3HOMOPOXKHBIE BAarOHBI —
IIUCTEPHBI U EMKOCTH (pHC. 2).

Puc. 2. BaroH — niucTepHa ¥ TOPU30HTAIbHAS EMKOCTh

PacueTHbIe cxeMbl
B kayecTBe pacueTHON CXeMbl PAacCMOTPUM OTKDBITBI B aTMmocdepy cocys, U3 KOTOPOTO
IIPOUCXO/IUT UCTEeYEHUE KUIKOCTH IIPU IMOCTOSTHHO YMeHbIIatoleMcs Harope (puc. 3).

Puc. 3. Cxema onopoKHEHUA pe3epByapa
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Puc. 4. OnopoxxkHeHne MPU3MaTHUECKOTO Puc. 5. OniopoxkHeHUE
pe3epByapa HEIMPU3MaTHUECKOTO pe3epByapa

MaremaTu4yeckas Mojaeab [1-3]

Eciu Hamop, a, ciegoBaTeNbHO, M CKOPOCTh HCTEYEHMS U3 pe3epByapa H3MEHSIOTCS
MEOJIEHHO, TO ABUKEHHUE B Ka)KZ[LIfI MOMEHT BpEMEHU MOXXHO paccMmaTpuBaThb KaK
yCTAaHOBUBIIIEECS, W /IS PEIIeHUs 3a/audl NPUMEHUTh ypaBHeHue bepHysutun. O603HAYUM
[IEPEMEHHYI0 BBICOTY YPOBHS JKHUIKOCTH B cocy/ie 3a h, mIomiaap ceueHus pe3epByapa Ha 5TOM
ypoBHE S, IUIOMIAZb OTBEPCTUS S,, U B3AB OECKOHEUHO MaJbli OTPe30K BpeMeHH dt, MOXKHO
3aIKCcaTh CJIeyolee ypaBHEHE 00BEMOB:

Sdh =-Qdt unu Sdh=—-4S,./2gh -dt )

rae dh - u3aMeHeHMEe YPOBHSA JKUJIKOCTH 3a BpeMs dt; U - koaddumumenT pacxoza. U3 (1) Bpems
TIOJTHOTO OITIOPO’KHEHUs cocy/ia (puc.3) BbicoTou H:

¢ 1

- fg o
ﬂSOmH \/ﬁ

[TostHOE BpeMs U CTeUEHUs OIPEIEIISIETCS, €CJIM U3BECTEH 3aKOH U3MEHEHU IUIOMIAIH S 110
BbIcOTe h pesepByapa. Iyt cocyza y kotoporo S = const (puc.4) BpeMs II0JTHOTO OTIOPOKHEHUS:

t= ZS—H (3)
145, +[2gH
M3 3TOTO BBIpAKEHUS CJIEAYET, UTO BPEMS IIOJTHOTO OIMOPOKHEHUS COCyZa C IMOCTOSIHHOM
IUIOIIA/IBI0 CEYEeHMs B JiBa pasa OoJIbllle BpEMEHH HCTEUEeHHUs TOTO Ke 00beMa KHIAKOCTU IPU
IIOCTOSAHHOM Hallope, paBHOM [1€PBOHAYAJIbHOMY.
HJIH oIpenaesIieHuA BpeMeHHU HUCTEUYEHHUA KUAKOCTH M3 TOPU30OHTAJIbHOI'O MUJIMHAPUYECKOTO
pesepByapa (mucTepHbI) (pUc. 5) BBIpa3uM 3aBUCHMOCTD ITlepeMeHHOH 1tommazau S ot h:

S =21/h(D-h), 4)

rae | - JJINHA OUCTEPHBI; D - AUaMETP OHUCTEPHBI. Tor/:[a BpEMA IIOJIHOTO OIIOPOKHEHUA INCTEPHDI,
T.€. BpEMA USMEHEHUA HAIlOpa OT h1 =D A0 h2 = 0, IIOJIYYHUTCA PaBHBIM:

41D/D

t= (5)

345,+/24
Pe3yabTaThl MOAEINPOBAHUA
[TpoBe/leHHBINM IIpeABAPUTEIBHBI 0030p W aHAIN3 JIUTEPATYPHBIX HMCTOYHHKOB [4, 5]
MIO3BOJIMJI BBIOpaTh HavyayJbHblEe I1apaMeTphl JJId TpexX THUIIOB pPe3epBYapoB BEPTHKAJIbHBIX
craipHbIX (PBC) Tabs1. 1 1 Baros — nucTepH — TOPU30HTAJIBHBIX pe3epByapoB Tab. 2.

2
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Tabsuna 1. VicxoHble JaHHBIE 110 BEPTUKAJIBHBIM pe3epByapaM

HomuHansHBIH Buyrpennuii | Bricora [Tnomane | Yenouerit | [Inomans | Koaddumuent
00BpeM V, M nuametp D, | crenku | CCYeHUs POXO0J CeyeHMs pacxona, U
M H,m S, M2 natpyoka | maTtpyOka
do, M So, M2
1000 10,43 12 85,44 0,25 0,05 0,5
5000 20,92 15 343,73 0,4 0,13 0,65
20000 39,9 18 1250,36 0,7 0,35 0,75

Tabsuna 2. VlcxogHble TaHHBIE TI0 TOPU30HTAJIBHBIM pe3epByapaM

. Jmna .
BuyTtpennuit VYcnosubit | Inmomianse
HomuHanenslii | guamerp D, | i APHECC H;IO;?IHIS) IpOX0J CeUYCHHS I;;)aq)(p;mne
o6bem V, m° M Kol 1act L, cete 2 ' | marpyOka | matpyOka pacxona,
M M do, M So, M H

50 2,6 9 5,31 0,08 0,005 0,5

100 3 13 7,07 0,15 0,02 0,65

150 3,4 17 9,08 0,3 0,07 0,75

Ha puc. 6 mpuBeneHa 3aBUCUMOCTh BpeMeHHW omnopoxkHeHuss PBC B 3aBucumocTu ot
JlnameTpa BBIXO/THOTO IaTpyOKa.

1.8x10°

1627x10%, | g2 106
1442105

1.26%10°

A0 pgx10®
240 gy

B304 72107

5.4x10°

3.@1&5\
P

3 Ilel}i
4 = [ ‘\lh
K 4G 10 . e ——— ; |

g.l}i 0073 01 0125 015 0175 02 0225 025 0273 03
005, d n2g,

t(do) — V= 1000 m3; t(do) — V= 5000 m3; t(do) — V= 20000 M3

[

Puc. 6. 3aBUCUMOCTh BpEMEHU UCTeUeHU )KUAKOCTH n3 PBC
OT IMaMeTPa BBIXOAHOTO IaTpyoKa

Ha PHC. 7 IIpUBEAEHA 3aBUCHUMOCTDb BPEMEHH OIIOPOKHEHMNA T'OPU30OHTAJIBHBIX PE€3€PBYapOB B
3aBUCHUMOCTH OT JUaMETPaA BbIXOHOT'O nany6Ka.
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1.2x10°
1.148x10%

1.08=10°

g 6 10°

8 4x10°

Hd0) 72107

2(d0)  4.10° \\

£3d0) i \\
4.8<10°
3.6x10° \\
2 4107 \
12x10°
43372107, p
0 - | 1
0 Tx1077 0014 0021 0028 0035 0042 0049 0056 0063 007
jxl[:'_s dD _Dl}ﬁj_
t(do) — V=50 m3; t(do) — V=100 m3; t(do) — V= 150 m3

Puc. 7. 3aBUCHUMOCTD BpPpEMEHU UCTEUCHHNA ) KUJAKOCTH U3 MUCTEPH
OT JuaMeTpa BbIXOAHOTI'O nany6Ka

P

B34B 3a OCHOBY TOPH3OHTAJIBHBIA pe3epByap C HOMHHAJIBHBIM 00beMOM 50M3 OBbLTH
IIPOBE/IEHHI OIeHOYHbBIE PACUETHI, BJIUSAHUSA YCJIOBUH HCTeUEHNs Ha BpeMs HCTeYeHNU .

SO0000

32026,

640000 \
t(d0) \\

— 420000
20d0) \\

£3(d0) 320000

160000
2891,

. T

0 0.016  0.032 0.048 0.064 0.08
0 d0 0

t(do) —p=0,5; t(do) —p2 = 0,65; t(do) — pu3 =0,75

Puc. 8. 3aBucuMOCTD BpPEMEHU UCTECUCHHUA KUJTKOCTH U3 NUCTEPH
OT JuaMeTpa BbIXOAHOTI'O nany6I<a

Bunno, yto n3MeHeHme kosddummeHta pacxoza |l B OOJIBIIYI0O CTOPOHY IPUBOAUT K
COKPAIIIEHHIO BpEMEHH.
Ha puc. 9 npuBeneH rpaduk BpeMeHU HCTEUEHHS B OTHOCUTEIBHBIX BEJIHMYHHAX

t(do)_tz(do)_loo%_ 133 t(dO)—t3(d0).1OO%
t(do) | t(do) |

t22 =
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Lad
LA

Lad
Lad

£22(d0) 29

E330d0)

0 0.016  0.032 0043  0.054 0.08
do 1]

Puc. 0. OTHocUTeJILHOE BpEMA UCTECUECHHA, %

BbiBOABI:

1. IlpuBesieHHass MaTemMaTuuyecKas MOJEb MO3BOJIAET KAUeCTBEHHO U KOJMYECTBEHHO J1aTh
OIIEHKY BpEMEHHU HCTeUeHUs KUJKOCTH U3 Pe3epPByapoB C IlepeMeHHbIM JUHAMUYECKUM YPOBHEM
IIPU 33/IaHHBIX YCIOBUAX UCTEUEHUS.

2. C mOMOIIBIO MOJIEJIU MOXKHO HCCJIEIOBATh BIUSAHNE FeOMeTPUYECKUX U TUAPABINYECKUX
YCJIOBUU UCTEUEHUsI Ha KOHEUHOe BpeMs pe3epByapa.

3. OmeHKa BIMAHUSA YCJIOBUM HCTEYEHUS IIOKA3ayio, YTO B He3aBUcUMOu oT obbema PBC
n3MeHeHUe KoadduIlueHTa pacxosia | Ha 23 % OIPUBOAUT K YBEJIMUEHUIO BpeMeHU Ha 23 %, a Ipu
U3MeHEeHU! | Ha 25 % BpeMs yBeanumnBaeTcsa Ha 33 %. CiaefoBaTesbHO, 3aBUCUMOCTb BpEMEHU OT
reoOMeTPUUECKHX YCJIOBUIM NMEET He JIMHENHBIN XapaKTep.
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YK 532.522
MaTremMaTU4YecKoOe MOAeINPOBAaHUE UCTeUEeHUS KUIKOCTHU U3 pe3epByapoB

LJI.A. Muxajp4eHKO
2C.C. Makapos

1 KaMCKH¥ UHCTUTYT TYMaHUTAPHBIX U WHKEHEPHBIX TeEXHOIOTHH, Poccuiickas ®enepamnus
2WucruryTt mexaauku YpO PAH, Poccuiickas @enepamus

AnHOoTamua. B pabore TmipuBeAeHa MaTemMarThuyeckas MOJI€JIb KM PE3YJIbTAThI
MOJIEJIUPOBAHUSA HUCTeUeHNe KUJIKOCTU U3 Pe3ePBYapoOB IPU IepeMeHHOM IUHAMHYEeCKOM YPOBHE.
PesysipTaThl moJydeHBI AJi8 TpeX TUIIOPAa3MepOB pe3epByapOB BEPTUKAJIBHBIX CcTalbHBIX — PBC-
1000 PBC -5000, PBC -20000 1 ropr30HTaIbHBIX pe3e€PByapoOB, BarOH - IHCTEPH 00BEMOM 50 M3,
100 m® u 150 M3. IlosyyeHpl PYHKIIMOHAIbHBIE 3aBUCUMOCTH BPEMEHU HCTEYeHUA KUJKOCTU U3
pe3epByapoB B 3aBUCHUMOCTH OT /JAuaMeTpa BBIXOJHOrO mnaTpyOka. /Iy TOpU30HTaJIBHOTO
pe3epByapa o6beMoM 50 M3 NpuBe/ieHa OlleHKA BJIMSAHUA BEJIMYUHBI KO3 dUITMEHTa pacxoia HA
BpeMs UCTeYeHHU.

KaroueBsble ci1oBa: pe3epByap, MaTeMaTUuyecKas MO/ieslb, UCTeYeHue, KUIKOCTD.
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Abstract

Thermal designing of an aftercooler typically includes the determination of heat transfer area
,number of tubes, tube length and tube diameter ,tube layout, number of shell and tube passes
,tube pitch, number of baffles, its type and size. CFD model of the after cooler had been developed
and it is validated. Unexpected heat is generated at the after cooler of a 2HA4TERS, horizontally
balanced opposed air compressor. This causes overheating and burning of the after cooler.
This paper aims to determine the effect of variation in oil discharge in to the cylinder of the
compressor by analyzing the CFD model of the after cooler. LMTD, Heat flow Q, Weight flow W,
Clearance between the tubes C1,Baffle space B, Flow area a, Mass velocity G, Average temperature
of the cold fluid ta, Average temperature of the hot fluid Ta, Reynolds number for heat transfer Re,
Heat transfer coefficient in general h, for inside fluid hi, and for out side fluid ho, Value of hi when
referred to the tube outside diameter hio, Clean overall coefficient of heat transfer Uc, Design
overall heat transfer coefficient Ud and dirt factor Rd are determined by using Kerns method.

Keywords: aftercooler, heat transfer area, shell and tube passes, tube pitch, baffles, CFD
model.

Introduction
The paper reveals the determination of Dirt factor Ry of the aftercooler by determining the
following: heat balance between the air and water flowing through the after cooler. LMTD of after
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cooler, mass velocity of after cooler fluids, Reynolds’'s number of after cooler fluids, factor for heat
transfer jin, weight flow of after cooler fluids, the heat transfer co-efficient.

An aftercooler is a shell and tube heat exchanger which consists of a shell (a large pressure
vessel) with a bundle of tubes inside it. One fluid runs through the tubes and another fluid flows
over the tubes (through the shell) to transfer heat between the two fluids. The sets of tubes is called
a tube bundle. It is the most common type of heat exchanger in oil refineries and other large
chemical processes, and is suited for high pressure applications.

Nomenclature

B Baffle spacing

C Clearance between tubes, m

C Specific heat, J/kgK

D Inside diameter of tubes, m

De Equivalent diameter, m

Fr Temperature difference factor

G Mass velocity ,kg/sm?2

h, hi, ho Heat transfer coefficient in general, for inside and for outside fluid respectively,
W/m2K

Hio Value of hi when referred to the tube OD, W/m2K

Jh Factor for heat transfer

K Thermal conductivity, W/mK

Pt Tube pitch,m

Rd Dirt factor,mk/W

Ta Average temperature of cold fluid ,K

AT True temperature difference K

Uc, Ud Clean and design overall coefficient of heat W/m2K

Literature Review

Ahmad Fakheri [11] in his paper shows that how to calculate the efficiency of the heat
exchangers based on the second law of thermodynamics. He says that corresponding to every heat
exchanger there is an ideal balanced counter flow heat exchanger which has the properties of same
UA, same AMTD and minimum entropy generation corresponding to minimum losses and
irreversibility. The efficiency of the heat exchanger may be calculated by comparing the heat
transfer capability of actual heat exchanger with that of the ideal heat exchanger

Rajeev Mukherjee [12] explains the basics of exchanger thermal design, covering such topics
as: STHE components; classification of STHESs according to construction and according to service;
data needed for thermal design; tube side design; shell side design, including tube layout, baffling,
and shell side pressure drop; and mean temperature difference. The basic equations for tube side
and shell side heat transfer and pressure drop. Correlations for optimal condition are also focused
and explained with some tabulated data. This paper gives overall idea to design optimal shell and
tube heat exchanger.

The optimized thermal design can be done by sophisticated computer software however a
good understanding of the underlying principles of exchanger designs needed to use this software
effectively.

Jiangfeng Guo et. al [13] took some geometrical parameters of the shell-and-tube heat
exchanger as the design variables and the genetic algorithm is applied to solve the associated
optimization problem. It is shown that for the case that the heat duty is given, not only can the
optimization design increase the heat exchanger effectiveness significantly, but also decrease the
pumping power dramatically.

A. Pignotti [14] in his paper established relationship between the effectiveness of two heat
exchanger configurations which differ from each other in the inversion of either one of two fluids.

M. S. Bohn [15] in his article presents a method of calculating the electric power generated by
a thermoelectric heat exchanger. The method presented in this paper is an extension of the NTU
method used to calculate heat-exchanger's heat-transfer effectiveness. The effectiveness of
thermoelectric power generation is expressed as the ratio of the actual power generated to the
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power that would be generated if the entire heat-exchanger area were operating at the inlet fluid
temperatures.

P.S. Gowthaman and S. Sathish [1] in their work a comparison is made by analyzing the
segmental and helical baffle in a heat exchanger .They found that higher heat transfer and lower
pressure drop is achieved in a helical baffle compared to segmental baffle.

Amarjit Singh and Satbir S. Seghval [2] had studied the different effects in Shell and Tube
heat exchanger by increasing Reynolds no. with segmental baffles at 0°,30° and 60°. The model is
studied with four segmental baffles. They found that heat transfer coefficient increases with
increase in Reynolds no., Nusselt No. increases with increase in Reynolds no.

S.N. Hossain and S. Bari [3] had conducted an experimentally connecting a shell and tube
heat exchanger at an exit of diesel engine having specification engine 13B, Tayota made ,4 cylinder
Water cooled diesel engine, 102 mm bore and 105 mm stroke, compression ratio 17.6, Torque 217
Nm at 200 rpm. The experiments had been conducted by using HFC, 134a, and ammonia as the
working fluid. It is found that it can increase the overall efficiency of diesel engine.

Andre L.H, Costa and Eduardo. m. Queiroz [4] described a method for the optimization of
SHTE. The formation of the problem seeks the minimization of thermal surface of the equipment,
for certain minimum excess area and maximum pressure drops, considering discrete decision
variables.

K. Anand, V.K. Pravin and P.H. Veena [5] had designed the SHTE based on Bell Delaware
method.

Chandrkant B Kothare [6] had developed a sophisticated and user-friendly computer
software using visual Basic 6.0 (As a primary programming language) for the hydraulic design of
SHTE based on the D.Q. Kern method.

Vindhya Vasiny Prasad Dubey, Raj Rajat Varma and Piyush Shankar Varma [7] had designed
a simplified model of shell and tube heat exchanger using kerns method to cool the water from 550
¢ to 450 c by using water at room temperature, and carried out steady state analysis on ANSYS -14,
to justify the design.

Lutcha and Nemcansky [8] upon investigation of the flow field patterns generated by various
helix angles used in helical baffle geometry found that the flow patterns obtained in their study are
similar to plug flow condition which is expected to decline pressure at shell side and increase heat
transfer process significantly.

Stehlik [8] studied the effect of optimized segmental baffles and helical baffles in heat
exchanger based on Bell-Delaware method and demonstrated the heat transfer and pressure
decline correction factors for a heat exchanger.

Oil- Water Shell and Tube Heat Exchangers with various baffle geometries of 5 continuous
helical baffles and one segmental baffle and test results were compared for performance with
respect to their heat transfer coefficient and pressure decline values at shell side by Kral [9] When
they have made comprehensive comparison on the most important geometric factor of helix angle,
4009 helix angle outperformed the other angles with respect to the heat transfer per unit shell side
fluid pumping power or unit shell side fluid pressure decline.

The continuous helical baffles when designed well can prevent the flow induced vibration and
fouling in the shell side. Similar results on fouling were reported by Murugesan and
Balasubramanian [10].

Methodology

The 3-D model is developed by UNIGRAPHICS and it is analyzed by ANSYS FLUENT-15.
RNG k-¢ model is chosen for the present study considering the computational time also.
The SIMPLE algorithm is used to simultaneously solve the velocity and pressure equations. Kerns
method is applied for the thermal designing of the aftercooler. The analysis is conducted by varying
the mass flow of the oil from 0.001 kg/s to 0.007 kg/s.

Two Equation Models

Two-Equation Models of turbulence have served as the foundation for much of the
turbulence model research during the past two decades. These models provide methods for not
only the computation of kinetic energy k, but also for that of turbulence length scale or equivalent.
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Consequently, two-equation models are complete, i.e., they can be used to predict properties of a
given turbulent flow with no prior knowledge of the turbulence structure. They are, in fact, the
simplest complete model of turbulence.

The basic expression for turbulence kinetic energy for the two equation models are as follows:

ok ok I, a[{ +J)§ﬂ

— tpu,—=—1;7——pet
gt PYax, T Tk P ax,
wherer,is the turbulence stress tensor, ¢ is the dissipation rate of k.
k-&£ Model
The k-& model focuses on the mechanisms that affect the turbulent kinetic energy (per unit
mass) k. The instantaneous kinetic energy k(t) of a turbulent flow is the sum of mean kinetic energy

kand turbulent kinetic energy k:

P

k(t)=Fk + k
where k =%(ﬂ2 +#+w)andk = %(_u_z—i-F+F)
The dissipation rate of k, £ can be written as
£ = Evﬁ
By assuming suitable closure coefficients, « is calculated.
Turbulent dynamic viscosity can be calculated once k and € are known
.IT-C:
.H: = C',_{ ?

Reynolds stresses are calculated further to complete the model closure.

RNG k- Model

NG is Renormalized Group. In this model, k- € equations are derived from the application of
a rigorous statistical technique (Renormalization Group Method) to the instantaneous Navier-
Stokes equations. They are similar in form to the standard k- € equations, but include an additional
term in e equation for interaction between turbulence dissipation and mean shear. The effect of
swirl on turbulence is considered in this model. Analytical formula for turbulent Prandtl number is
additionally included.

For steady, incompressible boundary layers, all of these models can be written compactly as

P LAY
_dk | _dk am\? 5[':_‘“.;“, a;.]
follows:@ =~ + 75 = —0; (a_;,-} —e 4
) dE
08 _9¢ _ e (55)2 €2+E+a[(ﬁ+ =)
uax ?‘ja_’r - l':-:El-’rc‘ll'}r{ T a}r l':-:E..-. 2 k a}r

where 7 is the kinematic viscosity, € is defined as € = € — &;,55is the dissipation rate at y=0,
c., and c_,are the closure coefficients and f; and f; are the damping functions.

The empirical viscous damping functions in the above equations depends on the following
dimensionless parameters,

_ _1 _ k‘_-":}. . _upy
Rer &y’ Ry v 2 ¥
Calculations
HOT FLUID COLD FLUID
Inlet temperature=403K Inlet temperature=306.6K
Outlet temperature=303K Outlet temperature=301K
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Inside diameter=251.5 mm, Baffle space=281 mm, Number of passes=1, Number of
tubes=199, Length of the tube=1405 mm, Outer diameter=0.9525 cm, BWG=0.9144 mm,
Pitch=14 mm, Number of passes=1.

ArZ—Atl

_(ri-t2) _ _t2-tl _ _ _ _
R= e ,=265.145K, S—Tl_ﬂ, =255.26K, LMTD_F@(‘;%’ =279.60K, W=5.583Kkg/s,
Q,Air=5.583X60X60 (320.82-315.22), =112553.28W/hr., Q,Water=0.3126x60x60(144.2-44.22),

=112513.49W/hr, C!=Pitch-OD=1.397-0.9525=0.445cm, B=28.09cm, Aszifi';, =0.073m2

At=0.0610m2Gs=W/as=20098.8/0.073=275326.02kg/hr.m2Gt=60466.55kg/hr.m2v=13.97
m/s, Ta=318.02K, u,water=.7kg/m.hr, De=0.0139m, Res=(0.0139x275326)/0.7=5467, Ta=367.2K,

p,air=0.076kg/m.hr, D=8.059536x10-3 m, Ret="X%"=(8.59536x10 x60466.5)/0.0754 =6892,
w

K=6.375x10°% W/cm? (%c/cm)=2.335x10% W/MK, Jh="22 ()00 (u/pwyst HO=0.297W/MK,

=EEP Cu/k) W) (ulpy) - Hi=5.46x10-2 W/MK, Hio=4.93x10-3W/Mk,Uc=2222 =4 854x10-

Hi=——— _ =
k hiotheo

SW/mk, Ud=(Q/AA4t)=4.76x10-3W/mk
Rd=(Uc-Ud)/(UcxUd)=4.068mk/W

e

0.000 1.000 v

0.500

Fig. 1. Aftercooler as Solid

0.500

Fig. 2. Aftercooler as Transparent
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Fig. 3. After cooler in mesh
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Fig. 5. Mass flow rate Vs Thermal conductivity
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Fig. 6. Mass flow rate Vs Molecular viscosity
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Fig. 7. Mass flow rate Vs Specific heat

Masss

flow rate X- Thermal
of oil Vorticity Y-Vorticity Z- Temperature | conductivity
(kg/s) (m/s) (m/s) Vorticity(m/s) | atoutlet(K) | (k),W/m-k
0.001 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.002 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.003 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.004 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.005 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.006 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
0.007 1.41E-05 4.68E-05 5.30E-05 300.173 0.145
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Radial Tangentialv

Molecular viscosity Specific velocity elocity
(Kg/m-s) heat(Cp); j/kg-K Prandlt No. (m/s) (m/s)

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

1.06 1845.001 13487.59 5.91E-05 1.69E-05

Chart. 2

Results

The thermal designing of the aftercooler of a 2HA 4TERS horizontally balanced opposed air
compressor is done. It is obtained that heat flow of air, Qa=112.553KW/hr. Clearance between the
tubes c'=.445 cm. Mass velocity of air Gs=275326.02kg/hr.m2. Mass velocity of water
Gt=60466.55kg/hr.m2. Reynolds No. of the shell fluid=5467.Reynolds No. of the tube fluid =6892.
Thermal conductivity K=2.335x10-3 W/mk. Outside heat transfer coefficient ho=.297W/mk. Inside
heat transfer coefficient hi=5.46x10-3W/mk .Clean overall heat transfer coefficient Uc=4.854x10-
3W/mk. Design overall heat transfer coefficient Ud=4.76x10-3 W/mKk. Dirt factor Rd=4.068mk/W.
From the design data book it is found that the value of Rd obtained is well in agreement. There for
the design is correct. Also the effect of the oil content is studied by varying the mass flow rate from
0.001 to 0.007 kg/s. This is done by designing the aftercooler using the 3-D designing software
Unigraphics and analyzing it by ANSYS FLUENT-15. The out let temperature of the cold water
obtained in this method is 300.179K, which is well in agreement with Kerns method of designing.
Also other properties like Thermal conductivity, Molecular viscocity, Specific heat, Prandlt No,
Radial velocity, Tangential velocity, Helicity, Vorticity, Enthalpy, Total energy, Turbulent intensity
and turbulent dissipation rate is also determined. It is found that there is no effect for oil content
towards these parameters, since graph obtained in these cases are a straight line. Different graphs
are plotted between the mass flow rate of oil and various outlet properties of the aftercooler.

Conclusion

Design parameters of the aftercooler is verified by Kerns method and also it is analyzed by
ANSYS FLUENT. The results obtained by these methods are compared and found that, both of
these are well in agreement. The analysis shows that there is no effect for mass flow rate of the oil
towards the heat transfer properties of the aftercooler. Further studies can be conducted in the
areas of air receiver and the design parameters in order to study the heat transfer properties.
The carbon deposit formed inside the tubes of the aftercooler as result of the combustion of air oil
mixture and also the hardness of water have the effect on thermal transport properties of the
aftercooler. Further studies can be conducted by redesigning and analyzing the air receiver and the
aftercooler in order to reduce these effects by optimizing the design.
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