1st International Seminar on
ORC Power Systems

Orc

| Sept 22-23, 2011 i~ Delft, NL

Design, Simulation and Construction of a
Test Rig for Organic Vapours

A. SpinelliM. Pini, V. Dossena, P. Gaetani, F. Casella

POLITECNICO DI MILANO in collaboration with

clean energy ahead

TURBODEN

A PRATT & WHITNEY POWER SYSTEMS COMPARY

Fluid-dinamics of Turbomachines Laboratory
Energy Department

* Electronics and Information Department



Motivation 2/18

Increase ORC turbine efficiencievia passage flow field investigation

—» Experimental investigation of ORC turbine passage flows

NO experimental data for flows within ORC turbine blade passages

A Properties T;,P,P,udH
A Independentmeasurement d? andu field direct measurement ofu
consistency of thermodynamic models e.g.h(R,T;)=h(P,T) + |4 %2

A Techniques total pressure probes & pressure (@sP)
thermocouplegT-), LDV (v), Schlieren(shock waves)

limited investigation imdustrial plants A TROVA (Test Rig for Organic VJapo!
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Background on ORC

Design of the TROVA

Dynamic simulation of the TROVA
Construction of the TROVA

Conclusions
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¢ Background on ORC
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Background 6 ORC & turbine flow 4/18

Rankinecycle + organic working fluid Mm , complexity
A Advantages onycle, plant, operationy viable technology, low/méd, W,
A Disadvantages darbine flows d realgas effects, low speed of sound
d limited knowledge of expansions
(h; d design tools)
State of the art
novel reajas modelsSpatwagner CFD zFlow, separate validations
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Rankinecycle + organic working fluid Mm , complexity
A Advantages onycle, plant, operationy viable technology, low/méd, W,
A Disadvantages darbine flows d realgas effects, low speed of sound
d limited knowledge of expansions
(h; d design tools)
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A PROVIDE EXPERIMENTAL DATA ON FLOWS
TYPICAL OF ORC TURBINE PASSAGE
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¢ Design of the TROVA
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Dedicated facility 3 Design 518

A Limits for investigation industrial ORC plants
A Controlled flow for calibration

TEST SECTION: planarstraight axisconvergend divergenthozzle
quasp 1D, isentropic expansion (no calibrated probes)

FLUIDS: Siloxanes & Hydrofluorocarbomthermodynamics, safety
SiloxaneVIDM (high T) & HFCR245fa(low T)

OP COND: parametersA, 8 Prg, T1g 8 Any® P

CYCLE: Gas cycle vs Phase transition cycle

highcostsfor continuous operation
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A Limits for investigation industrial ORC plants
A Controlled flow for calibration
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TEST SECTION: planarstraight axisconvergend divergenthozzle
quasp 1D, isentropic expansion (no calibrated probes)

FLUIDS: Siloxanes & Hydrofluorocarbomthermodynamics, safety
SiloxaneVIDM (high T) & HFCR245fa(low T)
OP COND: parametersA, 8 Prg, T1g 8 Any® P
CYCLE: Gas cycle vs Phase transition cycle
highcostsfor continuous operation
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Dedicated facility 3 Design 518

A Limits for investigation industrial ORC plants
A Controlled flow for calibration

TEST SECTION: planarstraight axisconvergend divergenthozzle
quasp 1D, isentropic expansion (no calibrated probes)

FLUIDS: Siloxanes & Hydrofluorocarbomthermodynamics, safety
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OP COND: parametersA, 8 Prg, T1g 8 Any® P

CYCLE: Gas cycle vs Phase transition cycle

highcostsfor continuous operation
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TROVA 0 A blow down facility 6/18

Closed loo@ phase transitiodbatch operating facility
A 1 p odwe re n exchgnge timestorageP; ,> P; ¢ 8 limited test duration
A Unsteady nozzle flow: constan®;  (MCV)d change it s (HPV)

A sequence of steady flowsith transient operating conditid?s;, T+ ¢
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TROVA 0 A blow down facility

Closed loo@ phase transitiodbatch operating facility
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l TEST SECTION
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LPV
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Sizing procedure & results 7/18

o]

EVALUATE HPV/LPV V,P, T =» ,a 20 s

lterative nozzle flow calculati®humped parameté&rMDM , R245fa

A Parameters setting V oy, Vipy » Papy

A Initial conditions  nozzle flow operating conditions

A Calculation ¢¢ unsteady mass & energy dakssels b.c. update
A Calculation stop Py =Py cor ,, shock at exit

A Parameters update if  t,O .t

A Safety check P, ...for tanks connection
BY-PASS V6 >
CONTROL X D2
VALVE V5
VAPOUR@ M 6
T SEEDING
TANK
MAIN
j"%‘l\?g T
V3 V4
ar [, & X
¥ TGl é | - %
D1 or “TEST SECTION D3
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Sizing procedure & results 7/18

o]

EVALUATE HPV/LPV V,P, T =» ,a 20 s

lterative nozzle flow calculati®humped parameté&rMDM , R245fa

A Parameters setting V oy, Vipy » Papy

A Initial conditions  nozzle flow operating conditions

A Calculation ¢¢ unsteady mass & energy dakssels b.c. update
A Calculation stop Py =Py cor ,, shock at exit

A Parameters update if  t,O .t

A Safety check P, ...for tanks connection
MDM 0 Vessels design MDM o HPV conditions, tests
HPV LPV MDM R245fa
V() 1.0 5.6 Pr 44=0) (bar) 50 50
P (bar) |50.0 20.0 Traeo (AC) 315 176.5
T . (C) 4000  400.0 t, (s) | 12 285 |
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Overview
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¢ Dynamic simulation of the TROVA
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Dynamic simulation . 9/18

Batch operation +control system#, START-UP andTEST time

A Processes to simulateheating testd condensation

A Batch simulation: batch operation of the facility
A Model approaches: lumped parameter / 1D (plant) + 1D (nozzle)
A Simulation tools: Modeliq@bjectoriented language)FluidProp

simple model8, complex model
Fortran +FluidProp
A Seltmade library: lack of component moddéi®.g. nozzleA TestRig
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Batch operation +control system#, START-UP andTEST time
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