


1.Introduction1

2.Theory(J.Raeder)5

2.1.Basicflowequationsofanelectrically

conductinggas5
2.1.1.Thegeneralequationsofmagnetogasdynamics5

2.1.2.Ohm'slaw7

2.1.3.One-dimenstionalflowequations8

2.1.3.1.Definitionofthefluxesofmass,momentum,

andenthalpy9
2.1.3.2.Axialvariationsofthefluxes11

2.1.3.3.Explicitformulaeforthemeanvalues13

2.1.3.4.Theone-dimensionalflowequations14
2.1.3.5.Simplerelationsbetweenmeanand

axialvalues15
2.1.4.A"mean"Ohm'slaw16

2.2.Calculationofthematerialfunctions22
2.2.1.Determinationoftheplasmacomposition22

2.2.1.1.Generalremarks22
2.2.1.2.Equilibriumconstantmethodfora

mixtureofidealgases-23

2.2.1.3.Definitionsconcerningthecompositionofthe

fuel-oxidizermixturebeforecombustion26

2.2.2.Calculationofthethermodynamicfunctions27
2.2.3.Calculationofthecombustiontemperature29

2.2.4.Calculationoftheelectricalconductivity31

2.2.4.1.Electricalconductivityofavery

weaklyionizedplasma31

2.2.4.2.Electricalconductivityintermsof

meancollisioncross-sections33

2.2.4.3.Electricalconductivityinthe

Frostapproximation36

2.2.5.Calculationofviscosityandthermalconductivity38

2.3.Dataandmaterialfunctionpertainingtotypicalpotassium-seeded

combustionplasmas40

2.3.1.Reactionequationsandenergies41

2.3.2.ZerotemperatureenthalpiesHOi41



2.3.3.Collisioncross-sectionsformomentumtransfer
betweenelectronsandheavyparticles42

2.3.4.Specialnumericalresults44

2.3.4.1.Molefractions,thermodynamicfunctions,Mollier

charts,combustiontemperatures44
2.3.4.2.Viscosities,thermalconductivities,and

Prandtlnumbers56
23A3.Electricalconductivitiesandcollision

frequencies58

2.4.Treatmentoftheboundarylayers61
2.4.1.Transitionfromlaminartoturbulentflow62

2.4.2.BoundarylayerprofilesofvxandTforturbulent

gasdynamicplateflow63

2.4.3.The"finestructure"oftheturbulentgasdynamic
boundarylayerclosetothewall67

2.4.4.Calculationofthewallshearstressrw69

2.4.5.Calculationofthewallheatlosses73

2.4.6.Calculationofvarious"deficiencythicknesses"78
2.4.7.Influenceofvariablefree-streamvelocity

ontheboundarylayers79

2.4.8.Influenceofthewallroughness79

2.4.9.TheeffectiveelectrodevoltagedropUe81
2.4.10.InfluenceofMHDeffectsontheboundarylayers84

3.DesignofMHDgeneratorsystems(R.Biinde,J.Raeder)86

3.1.Estimateoftheinfluenceofthecombustionefficiencyon

theelectricoutputpower86

3.2.NumericalcalculationoftheMHDgenerator90

3.2.1.Combustioncalculation90

3.2.2.Calculationoftheexpansioninthecombustionchamber

andLavalnozzle90

3.2.3.CalculationoftheflowintheMHDduct91

3.2.3.1.Numericalsolutionofthesystemofequations93

3.2.3.2.Integralerrorcheckandaccuracy95

3.2.3.3.Representationoftheresults96

3.3.Designcriteriaandboundaryconditions104

3.4.Calculationofpowerproductioncosts106
3.4.1.Installationcosts106

3.4.1.1.Combustionsystem107

3.4.1.2.MHDgeneratorduct108
3.4.1.3.Superconductingmagnet109

3.4.1.4.Invertersystem110

3.4.1.5.ExhaustgassystemIll

3.4.1.6.Powerplantbuildingsandequipment113

3.4.2.Totalpowerproductioncosts114



3.5.Influenceofthedesignparametersonoperationalsafety

andpowerproductioncosts115

3.5.1.Influenceofductdivergence117

3.5.2.Influenceoftheangleofinclinationoftheequipotential

surfacesintheduct117

3.5.3.InfluenceofMachnumberatductentrance119

3.5.4.Influenceofmagneticinduction121

3.5.5.Influenceofthelenthsoftheductandmagneticfield121

3.6.Designforminimumpowercosts123

4.Technicalproblems(H.Muntenbruch)128

4.1.Combustionsystems128

4.1.1.Basicremarks128

4.1.2.Propellants128

4.1.2.1.Solidfuel-solidoxidizer129

4.1.2.2.Hybridsystems130

4.1.2.3.Liquidfuel―liquidoxidizer131

4.1.2.4.Liquid-gaseousandgaseous-gaseoussystems132

4.1.2.5.Seedmaterialfeed133

4.1.3.Combustordesign133

4.1.4.Nozzledesign134

4.1.5.Supplysystem135

4.1.6.Testingofcombustionsystem136

4.2.MHDducts136

4.2.1.Operatingprinciple:Faraday,Hallor

slant-wallduct137

4.2.2.Designprinciple:Cold,warmorhotduct137

4.2.3.Designfeaturesoftheduct139

4.2.3.1.Breakdownstrengthofductwalls139

4.2.3.2.Expansionofductduetoheating141

4.2.3.3.WallthicknessofMHDducts146

4.2.3.4.Problemofcurrentcollectors148

4.2.3.5.VibrationtestingofMHDducts151

4.3.MHDMagnets154

4.3.1.Conditions154

4.3.2.Choiceofconductors155

4.3.3.Windinggeometryandconcept156

4.3.4.Ironshielding158

4.3.5.Magneticfieldandforcedistributions160

4.3.6.Design164

4.3.7.Quenchbehaviour165

4.3.8.Heatlossesandrefrigerationsystem166

4.3.9.Electricalsystem168

4.3.10.Conclusions169

4.4.Othercomponents169



4.4.1.Diffusorandexhaustsystem169

4.4.2.Invertersystem170

5.Experimentalinvestigations(G.Zankl,R.Volk,H.Muntenbruch)173

5.1.Testrig173

5.1.1.Combustionsystem173

5.1.2.MHDducts175

5.1.3.Saddlecoilmagnet177

5.1.4.Extractionofexhaustgas178

5.1.5.Dataacquisition178

5.2.Measuringmethodsandproblems179

5.2.1.Generalremarks179

5.2.2.Pressure179

5.2.3.Gastemperature181

5.2.4.Heatfluxintotheductwall188

5.2.5.Velocityofflow189

5.2.6.Electricalconductivity190

5.3.Experimentalresults192

5.3.1.Parametersgoverningthevaluesoftheflowvariables

attheductentrance193

5.3.1.1.Seedratio193

5.3.1.2.Oxygen-fuelratio193

5.3.1.3.Combustionchamberpressure195

5.3.1.4.Combustionefficiency196

5.3.2.Boundarylayereffectsintheduct199

5.3.3.Flowparametersandelectricalconductivity

alongtheductwithoutMHDinteraction203

5.3.4.FlowparametersintheductwithMHDinteraction205

5.3.5.ElectricalpropertiesoftheMHDgenerator212

5.3.6.Short-circuiteffects219

5.3.7.Discussionofelectrodevoltagedrop223

5.3.8.Theinfluenceofthecombustionefficiencyon

thegeneratorperformance229

5.3.9.Fluctuations234

6.Applicationoffuel-oxygenfiredMHDgenerators

(R.Bunde,H.Muntenbruch)239

6.1.CharacteristicpropertiesoftheMHDgenerator239

6.2.Powergenerationcosts240

6.2.1.Assumptions240

6.2.2.Costsofinstallation240

6.2.3.Totalpowerproductioncosts241

6.3.TheMHDgeneratorasareserveunit242



6.3.1.Someremarksonreservepowersupply242

6.3.2.Existingpossibilitiesofprovidingshort-period

reservepower244

6.3.3.ProvisionofreservepowerwiththeMHDgenerator245

6.4.TheMHDgeneratorasemergencypowersupplyfor

nuclearpowerstations247

6.5.TheMHDgeneratorforpoweringplasmaexperiments247
6.5.1.Thepowerrequirementsoflargeplasmaexperiments247

6.5.2.TheapplicabilityoftheMHDgenerator249

7.ConcludingRemarks250

8.References253


	page1
	page2
	page3
	page4
	page5
	page6

