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Thisм articleмdiscussesм theмwasteмheatмutilizationм technologyмofм variousм industriesшм byм steamщturbineм
installationsмworkingмbyмanмorganicмRankinмcycleъмApplicationмofмthisмtechnologyмallowsмmakingмtheмelectricм
powerмwithoutмanyмfuelмexpensesмwhichмallowsмtoмdecreaseмtheмrelativeмemissionмofмproductionмpollutionшм
toмdecreaseмtheмenvironmentalмheatмpollutionмandмtoмincreaseмtheмeiciencyмofмfuelмusageмinмtheмmainм
productionъмAsмanмexampleшмtheмstudyмpresentsмaмcalculationмofмtheмpotentialмofмwasteмheatмutilizationмforм
theмPAOм«Gazprom»мgasмtransmissionмnetworkшмwhichмamountsмtoмяш9мGWшмallowingмtoмreduceмtheмrelativeм
emissionмofмproductionмpollutionмbyмю5мсъмTheмarticleмalsoмofersмinformationмaboutмtheм56ьмkWмorganicм
turbineмdesignмandмtheмproblemsмofмexperimentalмresearchъ
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Introduction

Theмintensiveмgrowthмofмmodernмindustryшмwhichм
usingмasмtheмmainмenergyмsourceмhydrocarbonмfuelшм
leads to a direct increasing of pollution by exhaust 

gases. This article narrates conversion technology of 

mediumмandмlowщpotentialмwasteмheatмofмgasмtransportм
industry to electricity. Technology provides full elecщ
tricityмautonomyмofмgasмcompressorмstationsш gas disщ
tributionмstationsмandмpointsмofмshieldsш reducing the 

speciicмvalueмofмemissionмofмharmfulмsubstancesъ

Secondary heat sources overview 

Theмmainмsourcesмofмmediumмandмlowщpotentialм
waste heat are industrial production with unused 

thermalмpotentialмinмtheмfutureмirrevocablyмdischargedм
intoмtheмenvironmentмwithмoutgoingмexhaustмgasesмorм
coolantъмThisмleadsмtoмthermalмenvironmentalмpolluщ
tionмandм toм reduceм theмcompetitivenessмofмinishedм
products associated with the energy lost in view of 

the cost of these products. Current  productions of 

this kind are:

ferrousмmetallurgy;
theмchemicalмindustry;
manufactureмofмglass;
ceramicsмproduction;
manufactureмofмcement;
high power diesel generators;

gas transportation industry (gas turbine engines).

Sinceм theмюьььsшм theмworldмbeganмactiveм impleщ
mentationм inм theм aboveм industriesм utilizingм steamм
power plants operating on organic Rankine cycle 

(ORC). ORC utilization units provide conversion of 

wasteмheatмwithм8м toмэ8мсмabsoluteм electricalм eiщ
ciencyмwithoutмanyмextraмfuelмconsumptionшмdecreasщ
ingмtheмspeciicмvalueмofмtheмemissionмofмharmfulмsubщ
stances.

The principle of organic Rankine cycle

ORCмisмaмclassicalмsteamмclosedмcycleмandмconsistsм
ofмфigъмэх:мwaste heat vaporizer (4щ1хшмwhereмtheмheatм
of exhaust gas transfers to a liquid organic working 

luidмtransformingмitмintoмsuperheatedмsteam;мsteam 

turbine (1-2хшмwhichмconvertsмtheмpotentialмenergyмofм
theмworkingмluidмintoмrotationalмenergyмofмtheмrotor;м
condenser (2-3хшм whereм theм organicм steamм coolsшм
passes into the liquid phase; feed pump (3-4хшмwhichм
increasesмtheмluidмpressureмtoмtheмrequiredмvalueмbeщ
foreмtheмsteamмturbineъ

FigъмэъмStructuralмschemaмandмT(SхмdiagramмofмORC
utilizationмunitм[э]

Historical distribution of ORC units have been 

startedмatмэ89ьsшмwhenмtheмcompanyмֈGasмEngineмтм
PowerмCompany։мфUSAхмhasмsoldм5ььмunitsмфFigъмюхшм
basedмonмsteamмpistonмengineмwithмaмworkingмluidм
naphthaмфlammableмhydrocarbonмliquidхшмpatentedм
byмFranckмWъмOfeldtм[ю]ъ
NextмdevelopmentмofмORCмwasмbasedмonмresearchщ

esмofмnewм lowщboilingмorganicмluidмandмhaveмbeenм
usedмinмtheмieldsмofмsolarмenergyмфtheмirstмsolarмinstalщ
lationмworkingмbyмORCмwithмethericмюш6мkWмcapacityшм
wasмdesignedмbyмFrankмSchumannмinмэ9ь7м[я]хшмgeoщ
thermalмpowerмunitsм фtheмworldօsмirstм geothermalм
power unit Paratunskaya with ORC net power of 

5ььмkWшмwasмbuiltмinмtheмUSSRмinмэ967мфKamchatkaхм
[4]хшмwasteмheatмrecoveryмunitsмandмspecialмpurposeм
machineryм фautonomousм spaceмenergyмunitsмofмэш5м
andм6мkWмelectricityмpowerмofмUSSRм[5]хъ

FigъмюъмORCмunitмpatentedмbyмFranckмWъмOfeldtмinмэ897м[ю]:
1 – fuel tank; 2 – vaporizer; 3мտмsteamмpistonмengine;

4 – condenser
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Statistics of ORC usage in Europe

ResearchмofмtheмUniversityмofмLiegeмфBelgiumхмinм
юьь9мshowedм[6]мthatмtheмmainмieldsмofмORCмapplicaщ
tionмareмnext:мtheмutilizationмofмbiomassмфwoodмproщ
cessingмandмrecyclingмplantsшмbiogasмproducersхм48мс;м
geothermalм electroм stationsмяэмс;м industrialмwasteм
heatмutilizationмюьмс;мsolarмsystemsмэмсъ
Thereмareм leadingмmanufacturersмofмcommercialм

ORCмunitsмinмtableмэм[7]ъмGeneralмdiferenceмbetweenм
unitsмisмusageмofмdiferentмorganicмworkingмluidsмwhichм
haveмindividualмchemicalмandмthermodynamicмproperщ
tiesмwhatмinluenceмdeeplyмatмunitօsмconstructionъмTheм
mostмdangerousмpointмofмsomeмorganicмworkingмluidм
isмtoxicityмwhatмrequiresмaмcarefulмunitօsмsealsмdesignъм

ORC usage at natural gas transmission

infrastructure of Russia

PAOмֈGazprom։мщмtheмworldօsмlargestмgasмcompanyшм
ownerмofм theмmostмextensiveмgasмtransmissionмsystemм
фmoreмthanмэ6ьмьььмkmхшмtheмoperatorмaboutмя8ььмgasм
turbineмenginesмфGTEхмwithмtotalмpowerмofм44шямGWм[9]ъ

Further in an article will be considered ORC usage 

for exhaust gas waste heat recovery of turbine driven 

gasмcompressorмstationsмфGCSхшмcharacterizedмbyмhighм
temperatureмфя5ьмtoм55ьмoCшмdependsмonмGTEмeiщ
ciencyхмandм largeмmassмlowъмThisмORCмutilizationм
unitsмallowмtoмprovideмelectroмautonomyмofм turbineм
drivenмGCSмwithoutмfuelмconsumptionмandмtoмreduceм
aмrelativeмemissionмofмproductionмpollutionмbyмю5мсм
фatмmaximumмrecoveryмofмwasteмheatхъ
Electricityмconsumptionм researchмofмLtdмֈGazщ

promмtransgasмStъPetersburg։м showsм thatмelectricityм
consumptionмofмoneмGCSмisмfromмюььмtoм5ььмkWъмInм
caseмofмnecessityмofмairмcoolingмfansмworkingшмtheмelecщ
tricityмconsumptionм increasingм forм5ььм toмэ5ььмkWшм
dependingмonмnaturalмgasмmassмlowмandмpressureмinм

gasмpipelineшмenvironmentмandмearthмtemperatureъмThisм
research shows the necessary power of ORC utilization 

unitшмwhichмwasмselectedмasм56ьмkWъ
AccordingмtoмEuropeanмresearchмofмюьэям[9]шмoveщ

rall exhaust gas waste heat recovery potential of PAO 

«Gazprom»мGCSмusingмORCмutilizationмunitsмisмяш9м
GW atм singleмunitмpowerм fromмэшюм toмэ5мMWъмTheм
calculation took into account next nuances: reserve 

GTE power is not taken into account (one reserve 

GTEмforмtwoмworkingмGTEшмkэм=мьш65х;мeiciencyмof
ORCмunitм isм aroundмяьмсмofмGTEмeiciencyм andм
equalsмtoмэьмсмфkюм=мьшяхшмtotalмannualмoperatingмtimeм
ofмGTEмisмaroundм4ьььмhoursмфk

3 
=мьш45хъ

Positive exploitation experience of ORC utilizaщ
tionмunitsмisмpresentedмinмtheмreportмofмtheмAmericanм
Associationмofмnaturalмgasмforмюьь9м[эь]ъмReportмsaysм
thatмatмGCSмofмNorthмAmericaмфUSAмandмCanadaхм
sinceмэ999мhaveмbeenмoperatedмэ5мORCмutilizationм
unitsмwithмtotalмpowerмofм75ш5мMWмфigъмям[ээ]хъмAllм
unitsмareмmadeмbyмORMATмcompanyмфUSAхмandмhaveм
aмpowerмrangeмfromм4мtoм6мMWъмAnмimportantмfactмisм
that the weight and size characteristics of the orщ
ganicмturbineмisмseveralмtimesмlessмthanмtheмheatмtransщ
ferм equipmentм фheatм recoveryм boilerшм economizerшм
evaporatorшмcondenserхъ

FigъмяъмORCмutilizationмunitм6MWмpowerмworkingмatмgasм
compressorмstationмinмLoreburnмфCanadaхм[ээ]

Tableмэ

Leading manufacturers of commercial ORC units [7]

Producer
Unitмpowerшм

kW Workingмluid
Fluidмparametersмatмturbineмinlet Numberмofмworkingм

unitsшмpcъǲшмь˨ PшмMPa
General Electric Energy 

(USA)

OrmatмфUSAх
Turboden (Italy) 

эю5
4ььщэ5ььь
юььщэ5ььь

Rю45fa
nщPentane

n/a

эюэ
эь5щэ8ь
эььщюьь

эш7ю
–

–

>эьь
>юьь
>ю6ь
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Emission of production pollution of Russian’s

gas transmission network 

PAOмֈGazprom։мgasмtransmissionмnetworkмisмacщ
companiedмbyмlargeмvolumesмofмemissionмofмharmfulм
substances contained in the exhaust gas of GTU. 

Evaluationмofмtheмannualмvolumeмofмpollutantsмisмshownм
atмigureм4м[эю]ъмIntegrationмofмORCмutilizationмunitsмtoм
PAOмֈGazprom։мgasмtransmissionмnetworkмwillмproщ
videмtheмreducingмofмaмrelativeмemissionмofмproductionм
pollutionм byм ю5мсъмReducingм speciicм emissionsм isм
achieved by converting the heat capacity of exhaust 

gases in the exhaust gas turbine engine into electrical 

energyшмwithoutмadditionalмcombustionмofмfuelъм
Electricityмproductionмфяш9мGWхмwithoutмnecesщ

sityмofмfuelмconsumptionмallowsмtoмestimateмsavingмofм
naturalмfuelмresourcesъмTheмestimationмisмdoneмbyмtwoм
ways: classical electricity production using GTU (efщ
iciencyмя5мсхмandмcombinedмcycleмwithмGTUмandм
steamм turbineм фeiciencyм 45мсхъм Theм savingsм areм
ээш99ьмandм9яяьмthousandмtonмofмconventionalмfuelм
per year respectively.

Figъм4ъмAnnualмvolumeмofмpollutantsмofмPAOмֈGazprom։м
gasмtransmissionмnetworkмandмpotentialмofмitsмdecreasingм

usingмORCмutilizationмunitsм[эю]

Experimental stand for organic turbine

research

TodayмatмtheмRussianмmarketмofмORCмutilizationм
unitsмpresentedмonlyмTurbodenмcompanyшмwhichмhasм
installedмatмoilмreiningмfactoryмofмLukoilщPermмcomщ
panyмtheмORCмutilizationмunitмфэш8мMWмpowerхмrunщ
ningмonмtheмheatмfromмtheмburningмofмassociatedмpeщ
troleumмgasъмTheмneedм forм suchмunitsм isм increasingм
fromмyearмtoмyearъ
Inмюьэюмtheмdepartmentмofм«Turbinesшмhydromaщ

chinesмandмaircraftмengines»мofмPeterмtheмGreatмSaintщ
Petersburg Polytechnic University has started the 

developmentмofмenvironmentallyмfriendlyмORCмutilizaщ
tionмunitмelectricalмpowerмofм56ьмkWмфigъм5хм[эя]шмwithм

aмnonщtoxicмandмozoneщsafeмworkingмluidшмhexamethщ
yldisiloxane. The unit is able to utilize the industrial 

wasteмheatмwithмminimumмtemperatureмofмюььмo˨ъ
Atмtheмpresentмtimeмperformedмcycleмvariantмcalщ

culationsшмorganicмturbineмdesignшмdesignedмandмbuiltм
anмexperimentalмstandмforмorganicмturbineмmodelмreщ
searchмusingмairмlikeмaмworkingмluidъ
Theмmodelмgeometryмisмequalмtoмdesignedмorganicм

turbineъмItмmeansмthatмsimilarityмfactorмequalsмtoмoneм
фigъмюхъ
Atмexperimentalмstandмwillмbeмresearchedмtwoмturщ

bine types:

high enthalpy drop turbine stage of Peter the Great 

SaintщPetersburgмPolytechnicмUniversityмconstrucщ
tionшмwhichмisмdesignedмforммtwoщloopмorganicмturbineм
withмworkingмluidмhexamethyldisiloxane;
organicмturbineмwithмaxialsummetryмnozzlesъ

Fig. 5. Construction (aхмandмexperimental
stand (bхмofмorganicмturbineмairмmodelм[эя]:
Lмտмheight;мZмտмquantity;мDмտмdiameter

a)

b)



Power Engineering 

9

Problems of organic turbine design and further 

experimental research at air experimental stand

Theмcomplexityмofмtheмorganicмturbineмdesignмisм
linkedмtoмaмstrongмchangeмofмtheмworkingмluidօsмtherщ
malмparametersмduringмlowмexpansionм inмturbineօsм
channelъмThisм featureм requiresм theмdevelopmentмofм
nonclassicalмcomplexмapproachмtoмtheмturbineмdesignм
comprisingмaмnumericalмcalculationмandмexperimenщ
tal physical research.

Experimentalмresearchмofмclassicalмmodelsмofмsteamм
(water vapor) and gas turbines are carried out at exщ
perimentalмairмstandsмusingмtheмtheoryмofмsimilarityшм
andм dimensionlessм turbineм criterionsъм Theoryм ofм
similarityмsuchмturbinesмinvolvesмprovidingмofмgeometщ
ricшмkinematicмandмdynamicмsimilarityъ
Forмcorrectмturbineмsimilarityмunderмconditionмofм

turbineмgeometryмpreservationшмenoughмtoмwithstandм
nextмparameters:
characteristicмturbineмnumberмU/CьшмwhereмU – 

rotor blade velocity; Ǳь տмisentropicмspoutingмveloщ
city;

Mach criterion behind the nozzles M
Cэ 

and rotor

blades Ǭ
WюшмǬǱю 

calculatedм fromм theм relationshipм
k

m
M

m
= k

n
M

n
шмwhereмk = C

p
/C

v
мտмspeciicмheatмratio;м

Mмտмmachмnumber;мCэ – absolute velocity at nozzle

outlet; Cю and Wю – absolute and relative velocities at

rotorмbladesмoutlet;мֈm։мandмֈn։мտмmodelмandмnaturalм
turbine stages.

Inмcaseмofмusingмorganicмworkingмluidsшмtheмvalueм
ofмtheмparameterмkмisмstronglyмdependentмonмpressureм
andмtemperatureшмmakingмitмdiicultмtoмdirectмuseмtheм
classicalмtheoryмofмmodelingмforмtheмstudyмofмexpanщ
sionмprocessмofмhexamethyldisiloxaneмusingмairмasмtheм
workingмluidъ
Theмmostмsimpleшмfromмaмphysicalмpointмofмviewшм

methodмofмorganicмturbineмexperimentalмresearchмisм
creatingмanмexperimentalмstandмwithмnaturalмфorganicхм
workingмluidъммHoweverшмthisмmethodмapproachмleadsм
toмaмwholeмrangeмofмdiicultмobstaclesъ

Theмcomplexityмofмcreatingмaмfullщscaleмexperimenщ
talмstandмwithмorganicмworkingмluidмisмthatмtheмvariousм
workingмluidsмфwithмdiferentмthermalмcharacteristicsхм
mayмhaveмveryмdiferentмmassмlowмthroughмtheмstandшм
whatмwillмrequireмtheмdevelopmentшмmanufactureмandм
applicationмofмmassiveмsectionalмconstructionsмofмtheм
steamмgeneratorшм condenserм andмdiferentмhousingм
partsмforмplacementмnozzleмdiaphragmsмandмimpellersъм
Theм secondмcomplexityм isмhighмpressureм insideм theм
standшмwhichмmayмrunмhigherмthanмэмMPaъмItмmeansм
thatмtheмrulesмneedмtoмperformмtheмsafeмoperationмofм
the device and vessels operating under pressure. Fiщ
nallyшмsomeмofмtheмusedмORCмworkingмluidsмareмtoщ 
xic or dangerous that requires increased attention to 

sealingмandмsecurityмsystemsъмAforesaidмsaysмthatмtheм
experimentalмstandмforмorganicмturbinesмresearchмcanщ
notмbeмmadeмuniversalмandмmanufactureмwithмoperaщ
tion of it are expensive.

The way out is to develop new approaches in the 

frameworkмofмsimilarityмtheoryшмallowingмtoмsimulateм
worklowsмinмorganicмturbinesшмusingмexperimentalмairм
stands. A special feature of this approach is the difщ
icultyмorмimpossibilityмofмtheмsimultaneousмholdingм
ofмsimilarityмcriteriaмofмnaturalмandмairмmodelмturbineм
stages.

Inмcaseмofмairмmodelingмofмdesignedм56ьмkWмorщ
ganicмфhexamethyldisiloxaneхм turbineмфigъм5хшмposщ
sibleмtoмwithstandмsimilarityмcriterionsмU/Cь 

and M
Cэшм

butмitмisмimpossibleмtoмsimultaneouslyмwithstandмcriщ
terion M

Cю 
фtableм юхъм Itм canм beм explainedм byм highм

diferenceмbetweenм speciicмheatм ratioм фk) and gas 

constant (Rхмvaluesмofмhexamethyldisiloxaneмandмairшм
whatмleadsмtoмsigniicantмdiferenceмofмsoundмvelocityшм
enthalpyмdropмandмincompatibilityмofмvelocityмtrianщ
glesмфtableмямandмigъм6хъ

This particularly applies to the rotor blades outlet 

triangleмvelocitiesмտмisмnotмachievedмaxialмoutletмlowм
inм theмmodelм stageшмwhatм greatlyм reducesм theм eiщ
ciencyмofмtheмmodelмturbineмstageъ

Tableмю

Parameters of natural (hexamethyldisiloxane) and air model turbine stages

Parameter

D
im
en
sio
n

N
a
tu

ra
l

pa
ra
m
et
er
sм

M
o

d
el

pa
ra
m
et
er
s

MachмcriterionмforмnozzleмoutletмabsoluteмvelocityшмM
Cэ

TotalмinletмpressureшмPь
*

Totalмinletмtemperatureшмǲь*

–

MPa

K

эш64ь
эшь
477шэ

эш467
ьш469
я5яшэ6
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Parameter

D
im
en
sio
n

N
a
tu

ra
l

pa
ra
m
et
er
s

M
o

d
el

pa
ra
m
et
er
s

StaticмoutletмpressureшмPю
Totalмoutletмtemperatureшмǲю*
MachмcriterionмforмrotorмbladesмoutletмabsoluteмvelocityшмǬ˨ю
Workingмluid
MassмlowшмG
CharacteristicмturbineмnumberшмU/Cь
RotorмbladeмvelocityшмU
Absoluteмvelocityмatмrotorмbladeмoutletш Ǳю
Rotationalмspeedшмn
TurbineмpowerшмN
Degree of reaction

MPa

K

–

–

kg/s

–

mыs
mыs
rpm
kW
–

ьшь4
я8ьш6
ьш8э4

HexamethylщdisiloxaneшмC6Hэ8OSiю
6ш5эя
ьш654
юя8ш8
эээш6
эюььь
ю85шь
ьш54э

ьшээ
ю9эшь
ьш6ю4

Air

эш6э5
ьш645
яэ6ш4
юээш5
э59ьь
97ш7
ьшэюя

Table 3

Physical parameters of hexamethyldisiloxane and air

Parameter Dimention Air Hexamethylщdisiloxane
R – gas constant

k = C
p
/C

v 
տмspeciicмheatмratio

C
p
мտмheatмcapacityмatмэььмь˨мandмьш5мMPa

a տмsoundмspeedмatмэььмь˨мandмьш5мMPa

kJ/(kg ⋅ K)

–

J/(kg ⋅ K)

mыs

ю87
эш4
эьэ5
я87ш8

5эшя
эъъъэшям=мf (P; T)

юь99
549ш5

  

Figъм6ъмVelocityмtrianglesмofмnaturalмфgreenхмandмmodelмфblueхмturbineмstages

Aмphysicalмmodelingмtoмensureмfullмaccordanceмallм
theмcriteriaмofмsimilarityмisмimpossibleъмThereforeшмasм
alreadyмmentionedшм formulatedмaмnewмapproachм toм
modelingмofмorganicмworkingмluidsмexpansionмprocessм
atмexperimentalмairмstandъ
Theмapproachмisмbasedмonмcomplexмresearchмofмtheм

expansionмprocessмinмtheмturbineмbyмmethodsмofмnuщ
mericalм experimentшм andмmethodsмofм physicalм exщ
perimentъ

Such a study is currently in progress at the laboraщ
toryмofмtheмdepartmentмofм«Turbinesшмhydromachinesм
andмaircraftмengines»мofмPeterмtheмGreatмSaintщPetersщ

burg Polytechnic University and consists of three 

phases.

Theмirstмphaseмinvolvesмtheмanalysisмofмlowмcharщ
acteristicsмofмworkingмluidмфairхмthroughмairмmodelмofм
designedмorganicмturbineъмPerformingмtheмmodelмinм
scaleмэ:эмallowsмtoмexcludeмfromмtheмlowмanalysisмtheм
efectмofм theм sizeм factorъмThisмphasesм includesмnuщ
mericalмresearchмфlowօsмparametersмcalculationмhasм
beenмcompletedхмфigъм7хмandмphysicalмresearchмonмtheм
exactмgeometricмmodelмofмturbineмstageмфigъм5хъмTheм
designмofм experimentalм standмandмmethodologyмofм
physicalмresearchмareмdetailedмinм[эя]ъ

Endingмtableмю

C

W

U
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Analysisмofмtheмresultsмofмtheмirstмphaseмwillмassessшм
forмaмgivenмgeometryмofмtheмturbineмstageшмtheмdeviationм
ofмtheмnumericalмresearchшмcomparedмwithмtheмphysщ
ical research. Achieved deviation will be used at the 

second phase of study.
a)

b) 

Figъм7ъмResultsмofмnumericalмresearchмofмairмmodelмofмorganicм
turbine stage: aхмStreamlinesмthroughмtheмturbineмstage;

bхмTheмformationмofмhorseshoeмvorticesмinмchannelsмbetweenм
the rotor blades

The second phase consists of carrying out a nuщ
mericalмexperimentмofмorganicмфhexamethyldisiloxщ
aneхмworkingмluidмonмtheмsameмcomputationalмmeshм
фfromмirstмphaseхшмbasedмonмachievedмdeviationмatмtheм
irstмphaseъмComputationalмmeshшмasмwellмasмtheмstageм
geometryшмisмunchangedъ
Theмthirdмphaseмconsistsмofмcomparingмandмanalyzщ

ingмtheмresultsмofмnaturalмфorganicмworkingмluidхмandм
modelмфairмworkingмluidхмturbineмresearchesмandмconщ
irmм theмnewмapproachм toм theм theoryмofм computaщ
tionalмandмexperimentalмmodelingмofмorganicмworkingм
luidsмusingмairмasмtheмworkingмluidъ
TheмinalмresearchмwillмbeмconductedмusingмORCм

utilization unit with designed organic turbine. The 

ORCмunitмwillмbeмinstalledмatмGCSмֈSevernaya։мofм
LtdмֈGazpromмtransgasмStъPetersburg։ъмAtмtheмpresщ
entмtheмORCмunitмisмunderмmanufacturingмandмinstalщ

lationмфillingмofмfoundationхъмTheмlaunchмisмscheduledм
forмautumnмюьэ7ъ

Hexamethyldisiloxane wet steam modeling

aspects

Aмfeatureмofмthermoщphysicalмpropertiesмofмhexaщ
methyldisiloxaneмisмthatмduringмtheмlowмexpansionмinм
turbineмchannelsмfromмtheмsaturationмlineмtoмtheмconщ
denserмtheмdiagramмwetмshouldмbeмabsolutelyмdryъ
Howeverшмevenмifмhexamethyldisiloxaneмentersмtoм

theмirstмturbineмstageмatмzeroмdiagramмwetшмpossibleм
theмfallingмoutмofмcondensedмmoistureмatмtheмbeginningм
ofмexpansionмwhatмmayмbeмtheмreasonмofмgapмandмdropм
erosionмirstмofмallмofмnozzlesмandмrotorмbladesъмTheм
processмofмevaporationмofмdropsмisмveryмinertialшмreщ
quiresмaмlotмofмtimeмandмmayмnotмbeмableмtoмcompleteм
until turbine outlet.

Questionsм ofм hexamethyldisiloxaneмmoistureщ
formationшмwetмphaseмtransformationмandмitօsмevapoщ
rating during expansion in turbine stage have not been 

studiedмandмareмnotмrelectedмinмworldмliteratureъ
Toмsolveмtheмproblemмofмtheмpossibilityмofмaмtwoщ

phaseмhexamethyldisiloxaneмlowмsimulationмassumesм
theмusingмofмairмexperimentalмturbineмstandмwithмartiщ
icialмlowмmoistureмbyмinjectionмtheмliquidмphaseъ
Toмcompleteмtransferмmodelмtestмresultsмonмnaturalм

conditionsшмexceptмofмgeometricмsimilarityшмitмisмnecesщ
saryмtoмprovideмaмrangeмofмcoincidenceмofмtheмdimenщ
sionlessмparametersшмtheмnumberмofмwhichмisмsoмlargeм
thatмtheirмsimultaneousмandмstrictмcoincidenceмisмimщ
possibleмinмmostмcasesъмAtмtheмsameмtimeмempiricallyм
establishedм thatмmanyмofм theм criteriaмofм similarityм
within a certain range of their changes have only a 

minorмinluenceмonмtheмinalмresultм[э4]ъ
Mostмsigniicantмinмmodelingмofмtwoщphaseмlowмareм

gasщdynamicмsimilarityмcriteriaъмAsмalreadyмmentionedшм
toмachieveмaм fullмcoincidenceмofм similarityмcriteriaм isм
impossibleъмThereforeшмweмcanмonlyмtalkмaboutмaмpartialм
simulationшмbasedмonмexperienceмandмtheoreticalмanalyщ
sisмofмtheмprocessesмchosenмsystemмofмsimilarityмcriteriaшм
theмmostмdetailedмprocessмdescribingмtheмstudyмofмmoveщ
mentмandмevaporationмofмtheмdropletsъ
Asмisмknownмfromм[э4տэ7]шмwithмtheмpartialмsimщ

ulation of the interaction processes of liquid particles 

withмvaporмstreamsмandмpartмsurfacesшмtheмfollowingм
pointsмareмgasщdynamicмsimilarityмcriteria:мReynoldsм
ReшмFroudeмFrшмWeberмWeшмEulerмEuшмStokesмStшмMachм
MшмStrouhalмShшмtheмmassмandмexpenditureмlevelмofм
humidityъмTheseмparametersмareмpresentedмforмnatuщ
ralмфhexamethyldisiloxaneхмandмairмmodelмofмdesignedм
organic turbine stage in table 4.
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Thereм isм aм satisfactoryм agreementм betweenм theм
mainмcriteria:мReynoldsшмMachшмStrouhalмandмEulerм
at nozzle outlet.

Results analysis allows concluding that it is posщ
sibleмtoмsimulateмtheмwetщsteamмlowмofмhexamethylщ
disiloxaneмatмairмexperimentalмstandъмTheмrequirementм
ofмtheмsimulationмisмprovidingмaмnecessaryмdropletмsizeшм
whichмdependsмonмcriticalмWeberмcriterionъмUnfortuщ
natelyмunableмtoмindмdataмonмtheмcriticalмvalueмofмtheм
Weberмcriterionмforмhexamethyldisiloxaneшмforмcalcuщ
lationsмasмaмirstмapproximationм isм setм toмэ4шм thatм isм
typicalмforмwaterмandмsteamъ

Conclusion

эъмTheмgasмtransportationмnetworkмinмRussiaмproщ
ducesмhugeмamountsмofм airмpollutantsшм theм speciicм
amountмofмwhichмcanмbeмreducedмbyмю5смbyмusingм

ORCмutilizationмunitsъмTheмspeciicмpollutionмdecreaseм
achieves by waste heat converting to electricity withщ
out burning additional fuel.

юъмORCмutilizationмunitsмallowмtoмprovideмtheмelecщ
tricityмautonomousмofмgasмcompressorм stationsшмgasм
distribution stations and points of shields and other 

objectsмofмRussianмgasмtransportмsystemмwithoutмadщ
ditional fuel costs. 

3. New approach of ORC design is under creation. 

Itмincludesмmethodologyмofмorganicмturbineмresearchм
atм experimentalм airм standsшмwhatмwillм signiicantlyм
reduceмtheмtimeмandмcostмofмtheмdevelopmentмinмcomщ
parisonмwithмtheмfullщscaleмresearchмatмexperimentalм
organic stand.

4ъмItмisмshownмthatмisмpossibleмtoмmodelмtheмlowмofм
wetмhexamethyldisiloxaneмvaporшмprovidingмaмnecesщ
sary droplet size. 

эъм Saychenko A.S.м Razrabotkaм parogazovoyм ustaщ
novkiмmoshchnostyuмю5ьмkVtмdlyaмutilizatsiiм teplotyмukщ
hoщdyashchikhм gazovм gazoperekachivayushchikhм agreщ
gatov. Otkrytaya nauchno-prakticheskaya konferentsiya 

molodykh rabotnikov. "Vnedreniye peredovykh tekhnologiy 

i tekhnicheskikh resheniy, razrabotannykh s uchastiyem 

molodezhi – neotyemlemaya sostavlyayushchaya razvitiya 

Obshchestva". Sbornik dokladovъмGazpromмtransgazмSanktщ
PeterburgъмюьэюъмTъмэъ

юъмAmerican patent US611792 A.мEngineмымFrankмWъм
Ofeldtъмэ898ъ

3. Pytilinski J.T. Solar energy installationsмforмpumpщ
ing irrigation water. Solar Energyшмэ978ъм№мюэф4хъм ъ˧мю55м
տмю6юъ

4. Tomarov G.N., Nikolskiy A.I., Semenov V.N., 

Shipkov A.Aъм Geotermalnayaм energetika:м Spravochnoщ
metodicheskoyeм izdaniyeм ым Podм redaktsiyeyм PъPъм Bezщ
rukikhъмMъ:мֈIntertekhenergoщIzdat։шмֈTeploenergetik։шм
юьэ5ъмяь4мsмфrusхъ

5. Grishutin M.M. Paroturbinnyye ustanovki s orщ
ganicheskimiм rabochimiм telamiъм Leningrad:м Mashinoщ
stroyeniyeшмэ988ъмюэ9мsъмфrusъх

6ъмQuoilin S., Lemort V.мTechnologicalмandмEconomiщ
calм Surveyм ofм SmallщScaleмOrganicмRankineмCycleм Sysщ
temsъмFifth European conference, Economics and manage-

ment of energy in industriesъм юьь9ъмAccessмmode:мhttp:ыы
wwwъeolssъnetыsampleщchaptersыcь5ыE6щя5щ4ящььъpdfм
фdateмofмaccess:мю9ъь4ъюьэ6хъ

Table 4

Similarity criteria of natural (hexamethyldisiloxane) and air model of designed turbine stage

Dimensionlessмlowмcriterion Hexamethylщdisiloxane Airмфwithмwaterмinjectionх

Reynolds ReǱэ
ReǱю

4шя˜чьш6
5ш9Eчь6

5шэEчь5
7ш4Eчь5

Strouhal Sh = U/Ǳь
ьш654 ьш654

Euler Eu
nozzle

Eu
blades

эшэ4ю
7ш96я

эшэ69
ьшя74

Froude Fr
nozzle 

Fr
blades

4шэ8Eчь5
яш67Eчь4

эшя7Eчь6
эшяюEчь5

Mach ǬǱэ
ǬǱю

эш64ь
ьш8э4

эш467
ьш6ю4

Averageмdiameterмofмtheмdropletшмm 

Weмcriticalм=мэ4
dэ

nozzle

dю
blades

ьшььэ5
ьшьэ86

ьшьяьэ
ьшь699
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