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Influence of thermodynamics on ORC turbines

Unconventional thermodynamic expansio®, unconventional turbines:
A High expansion ratiod large passage area ratio
A Small enthalpy drops low number of stages / low peripheral speed

A Fluid (and flow..) complexity low speed of sound, transonic/supersonic turbines

FluidProp & zFlow

Scientific and technical issues

A Supersonic efflux of dense gases still under study
A influence on turbinefficiency anddesign criteria

A Stateof-art modelling tools necessary for reliable pred
A advancedealgasmodelscoupled wittCFD

Implementation of advanced modelling techniques into
presentday design tools for effective turbine design
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Turbine architecture

Several architectures are possible

Axialturbines Centripetal turbines (radial inflow)
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The centrifugal fixed-rotating turbine

Advantages

A passage area naturally increases along the expansion process
A fits with the huge increase of fluid speediame
A more compaatompared to equivalent axial turbines
A higher number of stag@slower M, higher efficiency and flexibility

Main disadvantage:

A centrifugal force potential acts against work extraction
A profile aerodynamics crucial for energy excleffegiveness
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Negative term (U, > u,) Reduction of work
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Overviewon designstrategy

Difficult task dueto thethermodynamicomplexityandtransonidlow
Specificturbine design dependingn fluid andthermodynamiconditions

Design technigues

V 1D meanlinemethod still used suitedfor initial design andoptimization

CFD simulationsthreedimensionalsteady ounsteadyfor bladedefinition

V  Necessitpf abridge between 1D and 3@approachthroughflow method
A axisymmetric assumptioyincludingossesflow deflectiorandbladeblockage
definet hreeansurfacéof the flowacrosthewholemachine
A effectsof shockspostexpansiompannuludoundaryayersandflaringareincluded

Fully 3D simulation
(blade refinement)

1D meanline Throughflow
(preliminary design) (flow surface
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The 1D meanline code

Based omassconservatiorenergybalance, estimatemdlytropic index
Criteria to divide the expansion rat
Geometrical assumptions: inlet h/D, discharge blade angles

Blade span along the machine computed through mass conservation (choking)

Work exchange computed from velocity triangles

o o To To Io D>

Entropy production predicted msscorrelation (es Soderberglraupel Craig&CoX

Code main features
V  Applicable to the design of axial and radial turbines

V  Coupled witiFluidProp(Prof. Colonna, TU Delft)

for thermodynamic properties calculation

V  Directly connected with tileroughflowsolver
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Throughflow concept

Multistage LP axial turbine: fully 3D
unsteady:CFD affordable but witkery

highcomputationatost (no optlmlzatlon)
) Axisymmetric flow

assumption

2D problem: very fasti
hours A minutes
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Intrinsically suitable :
for optimization
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CFD-basedthroughflow model

Axisymmetric inviscid model with volume forces: deflection (L), losses (D)
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Throughflow package

Numerical scheme
A Implementedis an extension of taElowcode (ProfRebaylUniv. ofBrescia)

A Based on hybrid FE/FV formulatiamses fullymplicit timemarchingnethods
A very efficient and accurate computational model (especially for 2D prob

A Coupled witlFluidProp(Prof. Colonna, TU Delffpr thermodynamiproperties
A accurate treatmetat handle arbitrafgoS(thusto deal with organftuids)

Blade modeler & grid generator
A Throughflowsolverintegrated by a blade modeler with mesh generator
A Blade mean lirend blockagictormanaged throughgeneralized blade modeler

A Structured muHblock mesh generator for axial, radial and Hiowdnachines
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Outline

1. The radiabutflow turbine
2. Turbine desigh method
3. Design exercise of a multstage centrifugal turbine

4. Conclusions and future works
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Design exercise: 1D meaiine design

350

Tur bi ne case: Om

300

1. Inlet thermodynamic conditions:

V  Total inlet T: 274°C
V  Total inlet P: 10 bar T
2. Working fluid: siloxaneMDM ™ 1

3. Expansion ratio:60
4. Target power: 1+2 MW

100 F

50_

' i kJ/ k *K
DeS|gn constraints: § f (ke “

1. MMAX =11 Stage Tout out out W (%
2. ¢ & 0.5 (bar) | (bar) | (°C) (kJ/kgK)

3. Hyu =30 562 507 2615 0718 116
Outcome of parametric study: 272 257 2535 0720 173
1. Ng=6 1.34 130 246.7 0.722 18.6

2. Regr=0.7m 070 0.66 2402 0723 18
3. n=3000 rpm ' ' ' '

4 P=13MW 0.37 034 234 0724 17.8
5. g 0.894 6 0.20 0.7 2277 0725 17.6
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Design exercisethroughflow model

From lumped-parameter meanline to continuous meanblade-surface

A Design ofmeridionathannel
A blade span evolution along the machine from 1D model
A relevant risk of separation close toethdwall§gaps act asanelesdiffusers)
A constant flaring angle in each bladed regiorromtegaps as small as possible

A Definition of the blade shape: mean line and blade thickness

A basic 2D profiles developed for axial turbines
A profile deformation to match in/out design blade angles
A conformal transformations in polar coordinates to conserve blade angles
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Design exercisethroughflow calculation

Soderbergorrelation for core flow + annulus boundary layer loss model
21 (span) x 400 (stream) grid, computational time ~5 min

Flow distribution on the whoieeridionabkurface
Maximum abgklMach number target nearly confirmed (1.1)
Significant deviations from 1D model in the last stages

POLITECNICO DI MILANO

M. Pini et al. T Preliminary design of a centrifugal turbine for ORC applications ‘ I



