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1. Poan JAUCHHUIIIITHHBI «Hpmbeccnonaﬂbnaﬂ NMOAroTOBKA HA aHIJIMICKOM si3bIKe» B Q)opanOBa}mn KOMIIeTeHINii BBIITYCKHHUKA:

duement . PesyibTa CocTaBJsiiolHe Pe3yJIbTATOB 0CBOEHHsI (1eCKPHITOPHI KOMIETEeHIHIA)
o0pa3oBaTebHOM Kon ThI
Cemectp HaumeHoBaHHE KOMITETEHIIUH
NMPOrpaMMbl (IHCHHMIINHA, KOMIIEeTeHIUU OCBOEHHS
npakrtuka, FHA) 0011 Koxn HaumeHoBaHue
P4 Birageet He0OXOAMMBIMI HaBBIKAMH IS ITOTyYeHUSI MHGOPMAIIMH 1O
C 6 . OK(V)-8.B4 Mpo¢eCCHOHATBFHOM TeMaTHKEe 1 KOMMYHHKAIIUU B YCTHON M THChMEHHOU
TIOCOBCH K MHCHMCHHOM 1 (opmMax Ha rocyTapCTBEHHOM s13bIke P® 1 HHOCTpaHHBIX S3bIKaX.
YCTHOH J1eJI0BOI
KOMMYHHKALIHH, K HTCHIIO 1 YMeeT onpenensaTe Kpyr 3a/1a4 B paMKax IMOCTaBIEHHOW TEMATUKU, A€1aTh
OK(Y)-8 MEPEBOIY TEKCTOB TI0 OK(Y)-8.Y4 P pyT P ’
" MepEeBOBI TEXHUIECKON JINTEPATyphl HA HHOCTPAHHOM SI3BIKE.
npodecCHOHATTBHOM TeMaTHKE
Ha OJTHOM M3 MHOCTPaHHBIX
S3BIKOB 3HaeT TEPMHUHOJIOTHIO B 00beMe HEOOXOUMYIO IJIs1 KOMMYHHKAILIUH B
OK(VY)-8.34 paMKkax npoQecCHOHATBHOM NeITENFHOCTH Ha TOCYAapCTBEHHOM s3bIke PO
1 MHOCTPAHHBIX S3bIKaX.
Cnoco0eH K JIOTHYeCKOMY P1 OK(Y)-9.B4 Birageer onbiToM noncka u o6padorku nadopmarmu o reme CPC
MBEIIIEHHTO, 0000IIEHHIO,
AHAIIU3Y, KPUTHICCKOMY YMeeT oCyIIeCTBIATh CAMOCTOATENbHBIN IOUCK, KPUTHYECKUH aHAIIU3 U
OK(Y)-9 OCMBICIICHHIO, OK(V)-9.v4 o6pabotky napopmarm o Teme CPC (pedepar, camocTosiTensHOE
cucreMarusanuu, H3y4YeHHE pa3jena 1o ,III/ICHI/IHJII/IHC)
MIPOTHO3UPOBAHHUIO, IOCTAHOBKE
HCCIIeI0BaTEIbCKUX 3a1a4 U
TMpodeccronanpuas v OK(Y)-9.34 3HaeT CUCTEeMHBIE TIOAXO/IBI B 00JIACTH aHAIN3a U CHHTE3a HH(POPMALIUH.
5,6,7, BBIOOPY ITyTeH UX pelIeHus
MOAr0TOBKA HA 8
AHIVIMHCKOM sI3bIKe .
OIIK(Y)-5 Crioco6eH NpUMEHSTh METOIbI P7 OIIK(VY)-5.B2 Brnaneer kOMMYHUKaTUBHBIMY HaBBIKAMU [0 TEMaM Hay4HBIX U3bICKaHUH B
HAYYHO-HCCIIEIOBATEILCKON 1 pamMKax mpogecCHOHATBHOM NesITeNbHOCTH.
MPAKTUYECKON IESTeTBHOCTH
OIIK(Y)-5.Y2 | YMeer npeAcTaBIsATh PE3yNIbTAaThl UCCIECIOBAHUN H (OPMYIUPOBATH
MPAKTUYECKHE PEKOMEHIAIIH UX MCIIOJIh30BaHMS B OpPME ITyOTHIHBIX
00CYXIeHUI ¥ THCEMEHHOTO OTYeTa.
OI1K(Y)-5.32 3HaeT OCHOBBI ()OPMHUPOBAHUS 1Ta00PATOPHOTO/HAYIHOTO OTYETa U YCTHOTO
JIOKJIA/a.
CnocobeH pa3pabaTbIBaTh P9 Brnaneer HaBBIKaMU IPOBEACHUSI SKCIIEPUMEHTOB I10 MTPEAMETHOI TeMaTHKe,
HayYHO-TEXHUYECKYIO MK(Y)-25.B2 aHaJlu3a UX pe3yJbTaToOB M COCTABJIEHHUE OTYETA MO MPOBOAUMBIM
JIOKYMEHTAIUIO, OCYIECTBIATh HCCIIeIOBaHUSAM
MOJTOTOBKY HAyYHO-
TK(Y)-25 A ¥ Hayd
TEXHUYECKHX OTYETOB,
0030poB, MyOIMKaIHii IO YMeeT co31aBaTh MOJIEIH, OITMCHIBAIOLIHE MTPOLIECCH B 00BEKTaxX
POB, 11y TIK(Y)-25.Y2 ’ tiue mpoit

Ppe3yJIbTaTaM BBIIOJIHEHHBIX
pabort

npo(hecCHOHANBHOM AESITENbHOCTH.




daement . Pesyanra CocraBisiionye pe3yJIbTaTOB 0CBOEHHsI (IeCKPHITOPHI KOMIETEHIIHIT)
o0pa3oBaTebHO# Kon ThI
Cemectp HaumeHoBaH#e KOMIIETEHIA
NPOrpamMMBbI (IMCUUIIHHA, KOMITETEeHIUH OCBOEHHUS
npakrtuka, F'HA) 0011 Kon HaumenoBanue
P11 Brnaneer onbpITOM MaTeMaTHYECKOTO U KOMITBIOTEPHOTO MOJCITHPOBAHHUS,

CriocoOeH MPUMEHSATH 3HAHUS O

TEXHOJIOTHIECKHX Tpoleccax u
anmaparax sJepHOro
TOIUIUBHOTO IIMKJIA, 3HAHUS O
IpoIeccax B SAEPHBIX
peakTopax 1y pa3paboTKu HX
MaTeMaTHIECKOTO OIMCAHUS C
LIEJIBIO TIPOBEICHUS
HCCIIeIOBaHUN 1
npoextupoBanus ACY TII.

JITICK(Y)-3

JIIICK(Y)-3.B6

HCIONB3YS COBPEMEHHBIC MaTEMAaTH4ECKUE NAKEThl, IOTy4aTh HOBbIC
3HaHU 00 HccnenyeMoM o0bekTe B o0macTu pazpadorku ACY TII.

JITICK(Y)-3.V6

JACATCIIBHOCTH.

VYMeeT KOpPEeKTHO BHIOHPATh HEOOXOJUMBIE METOIBI U CPEICTBA JUIS
PCIICHHS TOCTABICHHBIX LIEJCH U 3a1a4 B 001aCTH IPO(ECCHOHATBHOM

JIICK(Y)-3.36

Bxomamux B ACY TII.

3HaeT OCHOBHbIC (PH3UKO-XMMHUYECKUE TIPOLIECCHI IIPOTEKAIOIIHE B
TEXHOJOTUIECKUX O0BEKTaX U 3aKOHOB (PYHKIIMOHUPOBAHUS 000PYJOBAHHS

2. IMoka3zarenu u METO/JAbI OLICHUBAHUA

ILnanupyemble pe3yJabTaThl 00y4eHHUS 10 JTHCIHILIHHE Koa xoHTpOIMpYemoii HaHMenoBanKe pasieia NTC IOl
KOIl HaumeHnoBanune KOMHQTZ];ICI:I:;[) (l/lJ'IH ee JAUCHHUILIHHBI (Ollel-l()‘{llble MepOl’lpﬂﬁTﬂﬂ)
Bnanetrs TepMUHOJIOTHEH, METOIAMH M CIIOCOOAMH ONHCAHMS U 3a 6 i 1aG
MpPEACTaBICHUST (PU3NUYECKUX M TEXHOJOTHYECKHMX IPOIIECCOB YK(V)-1 Introduction to heat and mass HITa JTAGOPATOPHOMN PaboTbl,
PI-1 MPOTEKAOIUX B  SAAEPHBIX O0BEKTaX M  MEXaHHW3MOB YK(V)-4 transfer semonenne U3, npesictasenue
GbyHKIHOHUpOBaHUs 0b6OpymoBaHust Bxomsmmx B ACY TII OTIK(Y)-5 Fundamentals of metering AIOKIa/ia 10 TeME peepara,
TIOCPEACTBOM aHTIIMHCKOTO SI3bIKA. MHJBH]yQIbHAA paGoTa Ha 3AHATHH
[IpumenATsr  MaTeMaTH4YeCKWil  ammapar TNpH  pEIIeHUY
MOCTAaBJICHHBIX 33724 W TPOEKTHPOBATh MOJEIH MPOIECCOB,
MPOTEKAIINX B SAOCPHBIX OOBEKTaX M aBTOMATH3HPOBAaHHBIX| [K(Y)-25 Introduction to heat and mass 3amura 1abopaTopHON pabOTHL,
PII-2 CUCTEMaX C  YY4E€TOM  MEepCHEeKTUBHBIX  HEUPO-HEYETKHUX ATICK(Y)-3 transfer BeinosHeHnue M/13, npencrapienue
THOPUIHBIX ~TEXHOJIOTHMH JUISi TPENCTaBICHHUS PE3yJIbTaTOB YK(VY)-1 Fundamentals of metering JIOKJIajia 1o TemMe pedepara,
poeCCHOHATIBHOM nesTenbHOCTH. V3BNnekaTh U 00pabaThIBaTh YK(VY)-4 WHAWBHIYyaTbHAs pa0boTa Ha 3aHITUU
nH}pOpMALMIO W3 ayTEHTHYHBIX AaHTJIOSN3BIYHBIX HCTOYHHUKOB
JIUTEPATYPHI B 00JIACTH MPOPECCHOHATBHON JIEITEITLHOCTH.
AHanu3upoBaTh ¥ OLEHHMBaTh 3HAYUMOCTh PpE3YJIbTATOB,
MOJYYEHHBIX TPH pEUICHHMM HAyYHBIX W [PHUKJIATHBIX VK(Y)-1
npodeccnoHabHBIX  3aMa4.  DQPQPEKTUBHO  TPEIACTABIATH VK(Y)-4 _ 3ammura 1abopaTopHO paboTHI,
PII-3 mpo(heCCHOHATPHO 3HAYMMYIO WH()OPMAIHIO B aBTOMaTH3ALHH OIIK(Y)-5 Introduction to heat and mass BeimosiHeHne MJ13, npeacrasienune
TEXHOJIOTMICCKUX 11p0ueccma 0OBEKTOB SAIACPHON PHEPTETHKH B JIICK(Y)-3 transfer JIOKJIa/1a TIo TeMe pedepara,
BUAC TNPE3CHTALMI, JOKIANOB, TEPEBOJOB, TE3HCOB MIH TIK(Y)-25 WHIUBHyaJIbHas paboTa Ha 3aHATHH
pedeparoB MOCPEACTBOM aHIIIMHCKOTO s13bIKa HA OCHOBE CTHJICH
JIOCTYIHBIX JJIsl BOCIIPHUSTHS Pa3HOIUIAHOBOW ayIUTOPHUH.




3. Illkana oueHuBaHUs
[Topsmox opraHu3any OLIEHUBAHUS PE3YJIbTATOB OOYYEHHS B YHHBEPCUTETE PErVIAMEHTUPYETCS OTIENbHBIM JIOKAJbHBIM HOPMATHBHBIM aKTOM —
«Cucrema OIICHUBaHUS PEe3ybTaTOB 00ydeHuss B TOMCKOM MOJUTEXHUYECKOM yHHBepcuTeTe (CrucTema oleHuBaHus)» (B JICHCTBYIONICH PEIAKIHH ).
Hcnonp3yercss OalibHO-pEMTUHIOBasl CHCTEMa OIICHUBAHHUS pPe3yjiIbTaToB oOydeHus. MtoroBas oneHka (TpagulMOHHAs W JUTEpHas) MO BHUAAM
yaeOHoi nestenbHOCTH (M3ydenue aucummuinH, YWPC, HUPC, kypcoBoe NpOEKTUpPOBAHHME, NPAKTHKU) ONPEASISICTCS CyMMOW OaluioB IO
pe3ylbTaTaM TEKYIIEro KOHTPOJIS U IPOMEKYTOUHOM aTTecTanuu (MTOroBasi peTHHroBasi olieHka - MakcumyM 100 GaioB).

PacnpeﬂeneHHe OCHOBHBIX H AOIIOJIHUTCIBHBIX 0amnoB 3a OLCHOYHBIC MCEPONPHUATUA TCKYIHIEIO KOHTPOJIA U HpOMeX(YTOqHOfI arrecraguu
YCTaHAaBJIMBACTCA KAJICHAAPHBIM peﬁTHHF-HHaHOM JUCHUIIINHBI.

PGKOMGHI[yeMaSI mKajaa ajisd OTACIbHBIX OICHOYHBIX MGpOHpI/ISITI/Iﬁ BXOOHOI'O U TCKYLICT'O KOHTPOJIA

% BBINOJHEHUs CooTBeTCTBHE
Onpenesienue oueHKH

3aJaHusA Tpannuuonﬂoﬁ OLIEHKe
90%+100% «OTInaHOY OTnnyHOE NOHMMAHKE NIPEIMETa, BCECTOPOHHUE 3HAHMS, OTJIMYHBIE YMEHUS U BJaICHUE ONBITOM IPAKTHUECKOH EATEIbHOCTH,
HEOOXOIUMBIC PE3yJIbTaThl 00yUeHUsI CHOPMUPOBAHBI, HX KAYSCTBO OIICHECHO KOJUYECTBOM 0aJUIOB, OJM3KUM K MAKCHMATbHOMY
70% - 89% «Xopomo» JlocTaTouHO MOJTHOE TIOHUMAaHUE TIPEMETa, XOPOIIHe 3HAHHSI, YMEHUS U OIBIT IPAKTHIECKON NEATETHHOCTH, HEOOXOJUMEBIE Pe3yIbTaThl

o6yquI/m C(bOpMI/IpOBaHI)I, Ka4yCCTBO HU OJJHOI'O M3 HUX HC OLICHCHO MUHHUMAJIbHBIM KOJIHYCCTBOM 0asioB

55% - 69% «Y OBIL» [TpuemneMoe MOHUMaHUE MTPEAMETA, YIOBIETBOPUTEIbHbIE 3HAHHS, YMEHUS U OIBIT NPAKTHYECKOH AEATEIBHOCTH, HEOOXOAUMBIE PE3YIIbTATHI
00yueHus chOPMUPOBAHBI, KAYECTBO HEKOTOPBIX U3 HUX OLIEHEHO MUHUMAIIBHBIM KOJIMIECTBOM OAJLIOB

0% - 54% «Heymoi.» PesynbraThl 00y4eHHUs] HE COOTBETCTBYIOT MHHUMAJILHO JJOCTATOYHBIM TPEOOBAHHSIM

4. TlepeyeHb THIOBBIX 3aJaHUIT

OueHoYHbIe MeponpusaTHus l'lpuMepu THINOBBIX KOHTPOJbHBIX 3a1aHuil

1. a3 1. Compare three modes of heat transfer with specific conditions, properties and geometries, and further
applying that to industry. Discuss strengths and weaknesses in groups of 3 any systems where both of
three modes are occur.

2. Choose 3 dimensionless parameters (like Re, Nu, Pr etc.) and show their analogies forms for heat and
mass flow processes. Discuss it in groups of 4.

3. Watch the video about multidimensional heat conduction and make a lecture notes. Present the brave
information.

4. Compare 2 modes of heat exchangers by their operations. Discuss strengths and weaknesses of heat
exchangers in groups of 3.

5. Choose any technological lines (gas transportation, liquid transportation, de-sublimation processes
etc.) and show what mass transfer processes occurs in lines. Discuss it in groups of 3.

6. Compare two modes of industrial extractors with specific conditions, properties, geometries and
process rate. How flow rate influenced to mass fractions. Discuss it in groups of 3.




OueHouHbIe MEPONPHATHS

IIpuMepbl THIOBBIX KOHTPOJIbHBIX 32JaHUIH

7. Watch the video about thermal mass flowmeters (https://www.endress.com/en/field-instruments-
overview/flow-measurement-product-overview/Thermal-mass-flowmeters) and make a lecture notes.
Comepare it for head, turbine and elbow tap meters. Show their strengths, weaknesses and industrial
applications.

8. Watch the video and make a lecture notes about continuous level measurement and point level
detection in liquids and bulk solids with gamma devices. Show their strengths, weaknesses and industrial
applications for level and density measurement of gases, liquids and solids.

Pedepar

TemaTtuka pedeparos:

1. With respect to the theme of SR (introduction to SR)

2. With respect to the theme of SR (theoretical description)

3. With respect to the theme of SR (mathematical description)
4. With respect to the theme of SR (computer-aided model)




OueHouHbIe MEPONPHATHS

IIpuMepbl THIOBBIX KOHTPOJIbHBIX 32JaHUIH

3ammTa 1a00paTOpHON PabOTHI

Bomnpocsr:
1. What are the physical mechanism associated with heat transfer by conduction, convection and
radiation?
2. What is the difference between a heat flux and a heat rate? What are their units?
3. What is Fourier’s law?
4. What is difference between natural convection and forced convection?
5. If convection heat transfer for flow of a liquid is not characterized by liquid phase change, what

is the nature of the energy being transferred?
What is Newton’s law of cooling?

7. What role is played by the convection heat transfer coefficient in Newton’s law of cooling? What
are its units?

8. What is irradiation and what is its unit?

9. What conditions are associated with use of the radiation heat transfer coefficient?

10. What is thermal energy storage? How does it differ from thermal energy generation?

3angauu:

1. The wall of house, 7 m wide and 6 m high is made from 0.3 m thick brick with k=0.6 W/mK.
The surface temperature on the inside of the wall is 16 C and that on the outside is 6 C. Find the
heat flux through the wall and the total heat loss through it.

2. Using an appropriate control volume show that the time dependent conduction in cylindrical
coordinates foe a material with constant thermal conductivity, density and specific heat is given

2 2
by: ﬂ-F}ﬁ-l- or_1ot , Where « _L is the thermal diffusivity.

o’ ror o’ aaor pC

o
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Bomnpocsr:
1. What is a temperature gradient? What is its unit?
2. What is the relationship of heat flux to a temperature gradient?
3. What is predicted by the Stefan-Boltzmann law and what unit of temperature must be used with
the law?
4. What is a thermal resistance? How it is defined? What are its units?
5. For conduction across a plane wall, can you write the expression for the thermal resistance?
6. Write the expressions for the thermal resistance associated with conduction across the cylindrical
and spherical shell.
7. If heat is transferred from a surface by convection and radiation, how are the corresponding
thermal resistances represented in a circuit?
8. What is a contact resistance? How is it defined?
9. What is the overall heat transfer resistance? How it is defined?
10. How is overall heat transfer coefficient related to the total thermal resistance?
3agauu:
1. The rear window of an automobile is defogged by passing warm air over its inner surface. If the

warm air is at T, =40'C and the corresponding convection coefficient is h, =30W/m’K,

what are the inner and outer surface temperatures of 4-mm-thick window glass, if the outside
ambient air temperature is T, =-10"C and the associated convection coefficient is
h, =65W/m?K ?

The rear window of an automobile is defogged by attaching a thin, transparent, film-type heating
element to its inner surface. By electrically heating this element, the uniform heat flux may be

established at the inner surface. For 4-mm-thick window glass, determine the electrical power
required per unit window area to maintain an inner surface temperature of 15 C when the interior

air temperature and convection coefficient are T, =25'C and h, =31W/m’K, while the
exterior air temperature and convection coefficientare T, =—-10°C and h, =65W/m’K.
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Bomnpocsr:

NookrwnpE

What is dimensional analysis? How is it related to fluid mechanics?

Show the importance of the dimensional analysis to heat transfer.

What is Biot number?

Write the dimensional functional equation. Can you write it from memory?

What is Newton’s second law of motion? How is it defined?

How is the dimensional analysis related to transient heat conduction?

Can you write the equations of one- and multidimensional transient heat conduction from
memory?

8. Can mechanical and electrical terms be adapted to the heat transfer problems?

9. What is a thermal forcing function?

10. How may a one-term approximation be used to determine the transient thermal response of a
plane wall, long cylinder, or sphere subjected to a sudden change in surface temperature?

3agaym.

1. A thin brass pipe 3mm in outside diameter carries hot water at 85 C. It is proposed to place 0.8
mm thick straight circular fins on the pipe to cool it. The fins are 8 mm in diameter and are
spaced 2 mm apart. It is determine that h will equal 20 W/m?K on the pipe and 15 W/m?K on the
fins, when they have been added. If T_=22"C, compute the heat loss per meter of pipe before
and after the fins are added.

2. Obtain the dimensional functional equation for the temperature distribution during steady
condition in a slab with the heat source, (.

Bomnpocsr:

1. How is the Reynolds number defined? What is its physical interpretation?

2. What role is played by the critical Reynolds number?

3. What is the definition of the Prandtl number? How does its value affect relative growth of the
velocity and thermal boundary layers for laminar flow over a surface?

4. Recognizing that convection heat transfer is strongly influenced by conditions associated with
fluid flow over a surface, how is it that we may determine the convection heat flux by applying
Fourier’s law to the fluid at the surface?

5. What are the velocity and thermal boundary layers? Under what conditions do they develop?

6. What quantities change with location in a velocity boundary layer? A thermal boundary layer?

7. Do we expect heat transfer to change with transition from a laminar to a turbulent boundary

layer? If so, how?
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8.
9.

What important boundary layer parameters are linked by the Reynolds analogy?
What physical features distinguish a turbulent flow from a laminar flow?

10. What important boundary layer parameters are linked by the heat transfer analogy?
3anaym.

1.

A fan that can provide air speeds up to 50 m/s is to be used in a low-speed wind tunnel with
atmospheric air at 25 C. If one wishes to use the wind tunnel to study flat plate boundary layer

behavior up to Reynolds numbers of Re,  =10°, what is the minimum plate length that should be
used? At what distance from the leading edge would transition occur if the critical Reynolds
number were Re, . =5-10°?

2. Experimental results for heat transfer over a flat plate with an extremely rough surface were
found to be correlated by an expression of the form Nu, =0.04Re° Pr®, where Nu, is the
local value of the Nusselt number at a position x measured from the leading edge of the plate.
Obtain an expression for the ratio of the average heat transfer coefficient hx to the local
coefficient hy

Bomnpocsr:

1. What is the principal distinguishing feature of a compact heat exchanger?

2. What is the appropriate form of the mean temperature difference for the two fluids of a parallel
or counterflow heat exchanger?

3. What can be said about the change in temperature of a saturated fluid undergoing evaporation or
condensation in a heat exchanger?

4. Will the fluid having the minimum or the maximum heat capacity rate experience the largest
temperature change in a heat exchanger?

5. Can the outlet temperature of the cold fluid ever exceed the inlet temperature of the hot fluid?

6. What is the number of transfer units? What is its range of possible values?

7. What is the effectiveness of a heat exchanger? What is its range of possible values?

8. As applied to a cross-flow heat exchanger, what is meant by the terms mixed and unmixed? In
what sense are they idealizations of actual conditions?

9. What effect does fouling have on the overall heat transfer coefficient and hence the performance
of a heat exchanger?

10. What effect do finned surfaces have on the overall heat transfer coefficient and hence the

performance of a heat exchanger? When the use of fins most appropriate?

3amaun.
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1. In a fire-tube boiler, hot products of combustion flowing through an array of thin-walled tubes
are used to boil water flowing over the tubes. At the time of installation, the overall heat transfer
coefficient was 400 W/m?K. After 1 year of use, the inner and outer tube surfaces are fouled,
with corresponding fouling factors of  Re;; =0.0015 and Re,,=0.0005m"-K/W,
respectively. Should the boiler be scheduled for cleaning of the tube surfaces?

2. Thin-walled aluminum tubes of diameter D=10 mm are used in the condenser of an air
conditioner. Under normal operating conditions, a convection coefficient of h, =5000W /m*K
is associated with condensation on the inner surface of the tubes, while a coefficient of
h, =100W/m?K is maintained by airflow over the tubes. What is the overall heat transfer
coefficient if the tubes are unfinned?

Bompocsr:

1. What is Fick’s law?

2. Recognizing that convection mass transfer is strongly influenced by conditions associated with
fluid flow over a surface how is it that we may determine the convection species flux by applying
Fick’s law to the fluid at the surface?

3. What are the analogous forms for convection mass transfer, expressed in molar and mass units?

4. What important boundary layer parameters are linked by the mass transfer analogy?

5. Provide some examples for which species transfer by convection is pertinent.

6. What is the difference between local and average convection coefficients for species transfer?
What are their units?

7. What quantities change with location in a concentration boundary layer?

8. What is the concentration boundary layer? Under what conditions does this develop?

9. What is the definition of the Schmidt number? What is the Lewis number? What are their
physical interpretations, and how do they influence relative concentration boundary layer
development for laminar flow over a surface?

10. What are the Nusselt and Sherwood numbers? For flow over a prescribed geometry, what are the
independent parameters that determine local and average values of these quantities?

3amaun.
1. Onasummer day the air temperature is 27 C and the relative humidity is 30%. Water evaporates

from the surface of a lake at a rate of 0.10 kg/h per square meter of water surface area. The
temperature of the water is also 27 C. Determine the value of the convection mass transfer
coefficient.
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2. Species A is evaporating from a flat surface into species B. Assume that the concentration profile
for species A in the concentration boundary layer is of the form C,(y) = Dy’ +Ey +F where D,

E, and F are constants at any x-location and y is measured along a normal from the surface.
Develop an expression for the mass transfer convection coefficient hy, in terms of these
constants, the concentration of A in the free stream C, , and the mass diffusivity D, . Write an

expression for the molar flux of mass transfer by convection for species A.
Bompocsr:

1. What is Fick’s law?

2. In using Fick’s law to determine the mass or molar flux of a species in a mixture, what
specifically is being determined?

3. Under what conditions does the species diffusion flux equal the absolute flux associated with
transport of the species?

4. Under what conditions may a diffusion resistance be used to determine the species flux from
knowledge of the species concentrations at the inner and outer surfaces of a medium?

5. What is implied if the process is said to be diffusion limited?

3agaun.

1. Estimate values of the mass diffusivity Dag for binary mixtures of the following gases at 350 K
and 1 atm: ammonia-air and hydrogen-air.

2. A mixture of CO, and N is in a container at 25C, with each species having a partial pressure of 1
bar. Calculate the molar concentration, the mass density, the mole fraction, and the mass fraction
of each species.

Bomnpocsr:

1. What is the relationship between the molar concentration and the mass density of a species in a
mixture?

2. Is the species flux Na independent of location for a stationary medium within which there is
species transfer by diffusion and production by a homogeneous chemical reaction?

3. What is Raoult’s law?

4. How is the partial pressure of a gas-phase species related to the mole fraction of the same species
in an adjacent liquid or solid?

5. How does the concentration vary with the temperature of the liquid?

3agaun:

1. Derive an equation for determining the mass fraction of species i from knowledge of the mole

fraction and the molecular weight of each of the n species. Derive an equation for determining
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the mole fraction of species i from knowledge of the mass fraction and the molecular weight of
each of the n species.

2. Consider air in a closed, cylindrical container with its axis vertical and with opposite ends
maintained at different temperatures. Assume that the total pressure of the air is uniform
throughout the container. What is the nature of conditions within the container if it is inverted?

Bompocsr:

1. What is the difference between a homogeneous and a heterogeneous chemical reaction?

2. In heterogeneous catalysis, what is implied if the process is said to be reaction limited?

3. What are a zero-order and first-order reactions?

4. How is the mass transfer Biot number defined?

5. In atransient diffusion process, what can be said about the mass transfer Biot number?

3anaym.

1. A large sheet of material 40 mm thick contains dissolved hydrogen having a uniform
concentration of 3 kmol/m®. The sheet is exposed to a fluid stream that causes the concentration
of the dissolved hydrogen to be reduced suddenly to zero at both surfaces. This surface condition

is maintained constant thereafter. If the mass diffusivity of hydrogen is 9x107 m? /s, how much

time is required to bring the density of dissolved hydrogen to a value of 1.2 kg/m?® at the center of
the sheet?

2. A common procedure for increasing the moisture content of air is to bubble it through a column
of water. Assume the air bubbles to be spheres of radius r,=1 mm and to be in thermal
equilibrium with the water at 25 C. How long should the bubbles remain in the water to achieve a
vapor concentration at the center that is 99% of the maximum possible (saturated) concentration?
The air is dry when it enters the water.

Bompocsr:
1. What are head meters? How do they work?
2. s it important when pressurizing or depressurizing differential measuring devices to apply or
release pressure to or from the high and low meter chambers uniformly? Is so, how?
What are multipath ultrasonic flow meters? How does it work?
Define the volumetric flow rate. What is the friction loss in pipe?
What is Hazen-Williams equation and what is its unit?
What are the target flow meters? How do they work?
What are elbow tap meters? How do they work?
What are velocity meters? How do they work?

NG AW
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9. What is the difference between mass flow and volumetric flow?

10. What is flow meter compensation?

11. What is the level of conductivity required for the liquid under measurement to get satisfactory
operation of the meter?

12. What are the typical accuracies of measurement for flow meters?

13. What is the effect of change in velocity profile through the meter, on accuracy?

Bomnpocsr:

What instruments are used to measure temperature?

What are standard temperature sensors?

What is the difference between ‘Centigrade’ and ‘Celsius’?

Write the Fahrenheit to Centigrade temperature conversion formula?

What is a thermocouple? How does it work?

What are the measuring ranges of different thermocouple?

What is the name of the cable used to connect a thermocouple to a measuring instrument?
What is cold junction compensation?

Write the types of Bourdon tubes? Explain the purpose of different Bourdon tubes.
10 How would you select a pressure gauge for a process?

11. What is function of a hair—spring in a pressure gauge?

12. Write the formula for calculating a static head?

13. What-test equipment is required to calibrate a pressure transmitter in the field?

©COoN~LNE

Bomnpocsr:

What are the simple methods for measuring level?

What are the simple methods for measuring density?

How to convert a pressure gauge into a level gauge?

What is a static head level transmitter?

What are the operating principle of hydrostatic, ultrasonic capacitance and vibronic level
measurements?

How to use a differential pressure transmitter for level measurement?
Which law is used in displacement type level measurement?

What type of level measuring instrument is suitable for closed tank?

9. What is a density? What is this unit?

10. Is the density of hot and cold material different?

11. What is the mathematical equation for density?

12. How can you use the displacement method to find the volume of a sample?
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13. Will different volumes of water, oil or gas always have the same density? Why or why not?
14. How many kilograms of mercury would fill a 5 liter container if the density of mercury is 13.6
g/cm3?

5. Mertoanueckne yKazaHus Mo npoieaype oueHUBAHUS

IIpoueaypa npoBeieHUsI OLEHOYHOT0 MEPONPHATHS U HEOOX0IMMbIe METOIUYECKHE YKA3AHUSA

CTyneHT, B COOTBETCTBUU C 3aJlaHUEM, MPEJACTABISCT B NUCHBMCHHOW (TOSCHUTENbHAS 3aIliCKa,
KOHCIIEKT W Jp.) Jubo ycTHoi ¢Qopme (B Buie AOKIaAa, AUCKYyCCUU, UTpOoBOM (dopmare u 1p.)
MPEToaBaTelio U, B CIy4ae YCTHOTO MPEICTaBICHUS, CBOUM OJHOTPYIIITHAKAM, PE3YJIbTAT BBITIOTHCHHS
WHIUBUIYAIBHOTO 3afaHus. [lociie MNpencTaBieHHs BBIMOJHEHHONH palOThI, CTYIEHTY 3alaloTCs
BOIIPOCHI B IEJISAX 3aAIIUTHI MMPEACTABICHHBIX PEIICHUN, B COOTBETCTBHH C (OPMATOM TPEICTABJICHHUS
pabotsl. [Tociie 0TBETOB Ha BOIPOCH MHAMBHYaTbHOE 33JaHUE CUNTACTCS MPUHITHIM. Bee BubI paboT
BEIyTCS HA aHTJIMIICKOM sI3bIKe. Bce 3a/1aHus OJTHOTHITHBIC M HOCST aHAJTMTHYECKUN XapaKTep.

CTyneHT npeAcTaBisieT MpenojaBaTellio U MPUCYTCTBYIOIIMM Ha 3aHSATUU OJHOTPYIIHUKAM, pedepaT u
JOKJIaJ C Tpe3eHTaluell mo teme pedepara Ha aHTIIMICKOM si3bike. B pedepare MOKHBI OBITH
OTpa’KeHbI aKTYaJIbHOCTb, LIEJIb U 33J]aU BBIIOJHAEMON pabOThl; 0OBEKT U METOIMKA(HM) UCCIIEIOBAHU;
BO3HUKAIOMIME TPOOIEMbl B UCCIENIOBAHUSAX M MYTH MX PEIICHUS; KPaTKUH pPe3yJabTaT BBITOJHEHHON
paboThI U BO3MOKHBIE MEPCHEKTUBBI Oy TYIIET0 Pa3BUTHS TEMbI; CIIUCOK UCIIOJIb30BAaHHON JIMTEPATYPHI.
Pedepar momxen ObiTh odopmiieH B coorBeTcTBUU ¢ ['OCT-amu M cTaHmapTaMu, UCIOJb3yeMbIMU B
OpraHu3alfM, 3a HECcOONI0JeHHE MpaBWiI OQOPMIICHHUS M NPEACTaBICHUS CHIDKAIOTCS Oanasl Ha 1.
CrpykTypa AOKIana JOJDKHa COOTBETCTBOBATH CTPYKType pedepara, 3a HCKIIOYEHHEM CIHCKA
JUTEpaTyphl, HO B KpaTtkoil ¢popme. CTyIeHT mocie JOKIaaa, B BUAE TUCKYCCUH, OTBEYAET HA BOIPOCHI
[0 TeMe MPEJCTaBIEHHOr0 pedepara Ha aHIVIMKUCKOM si3bIke (He Oornee 5 — 7 munyt). Ilo 3aBepiieHuo
IUcKyccuu pedepar cuutaercsi NpUHATHIM. CTyIEHT TOKa3bIBaeT JIMHAMUKY BBIIOJIHEHUS U
MIPEJICTABIICHHUS TPOBOIMMBIX UCCIICIOBAHMM.

OueHouHbIe MEPONPHATHS
1. na3
2. Pedepar
3. 3amura 1a60paTopHOi paboThI

[To 3aBepiieHHIO TaOOPATOPHOU PAOOTHI, CTYIEHT YCTHO MPECTABISAECT apryMEHTHPOBAaHHBIE OTBETHI Ha
3 — 7 nmro0BIX BOTMPOCOB M MUCHMEHHO TMPENCTABIISET PEIICHHEe 3a/1a4n (€CIU MperoiaracT TeMaTHKa
paboTel) O TeMe JabopaTopHO pabOThl Ha aHTIHMIICKOM si3bike. [Ipw JkemaHuu CTyJAeHTa MOBBICHTH
OIICHKY 3a 3alIUTy padoThl, eMy HEOOXOAMMO OTBETUTHh Ha JOIOIHHUTEIBbHBIC BOMPOCHI WU PEIINTh
JIOTIOTHUTEIBHBIE 33]]a4 10 TeMe 1ab0opaTopHOil paboThl. OTBETHI HAa MOCTABIEHHBIC BOMPOCHI U 33]a4H
MIPUHUMAIOTCS TOJIBKO HA aHIVIMKHCKOM si3bike. JlabopaTopHas paboTa cuMTaeTcs 3alllMIICHHON B Cilydae
KOPPEKTHBIX OTBETOB.
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NunuBuayanpHas paboTa Ha
3aHATHHU

CTyneHt, B COOTBETCTBUH C TEMATUKOH 3aHSTHS, MPEACTABISICT B MUCHbMEHHOW (KOHCIICKT, TaOJIUIBI U
np.) 6o yctHOW ¢dopme (TIepeBOid, MUCKYCCHH, OOCYXKIEHHUS W Jp.) MPENoJaBaTeNIi0 pPe3yibTar
BBIMOJIHEHUST 3anmaHusl. llocie TpeicTaBiIeHHs BBINOJHEHHOH pabOThl, B  Cllydyae HaJIH4YHs
HEKOPPEKTHBIX/HEBEPHBIX OTBETOB, MPEOCTABIIACTCS BpeMsi Ha KOPPEKTHPOBKY. MHIuBHIyanbHas
paboTa cuuTaeTcs NPUHATOW NPU TPEIOCTABICHHUH KOPPEKTHO BBIOJHEHHOTO 3aaaHus. Bce BUbl
paboT BeAyTCS HA aHTIIMHCKOM SI3BIKE.




