USF ORC2017

Working fluid parametric analysis
for regenerative supercritical
organic Rankine cycles for medium
geothermal reservoir temperatures

Francesca Moloney, Eydhah Almatrafi, and D. Yogi Goswami

Clean Energy Research Center, University of South Florida, Tampa, FL




Introduction

Dry Steam Power Plant

* Problem: Load

Turbine Generator

* Conversion efficiency of geothermal
energy

e Conventional approaches:
* Flash steam
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Objective
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System Schematic
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Working Fluids

* Parameters
* Critical temperature < 200°C
* 100-year GWP < 150
* ODP<1
* |gnition and degradation temperature

Critical Critical Auto-Ignition 100-

Pressure Temp. Point year ODP
(MPa)  (°C) ("C) GWP

Butane (R600) 3.80 152 365 20 O
Butene 4.01 146 385

Carbon Dioxide

(R744) 7.38 31 - 1 -
Cis-butane 4.22 163 324 - -
Isobutane (R600a) 3.63 135 460 20 O
Isopentane (R601a) 3.38 187 420 4 0
Neopentane 3.20 161 450

Pentane (R601) 3.37 197 309 11 0
Propane (R290) 4.25 97 450 20 0
Propylene (R1270) 4.56 91 480 20 O
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Model

MODEL ANALYSIS

* MATLAB 1) Parametric Analysis
« NIST REFPROP a) Vary turbine inlet temperature

b) Vary turbine inlet pressure

Key equations o
- 2) Optimization

__ Wnet
1) = Qin a) First law efficiency
2) Wypr = W, — Wp b) Plant efficiency
32 _ Wnet Whet c) Second law efficiency
) Nplant = 7 " tn(Rnein—h

Omax  "ns(Mhsin=hnsa) d) Effectiveness

__ MNplant

4) N =
Nrev,max

Ty
(Tu=T1)/ 1n(72)

5) Nrevmax = 1-



Model

ASSUMPTIONS

* The geothermal fluid is pure water and
saturated liquid

* Pressure is constant in the heat
exchangers

* There is no air leakage into the working
fluid system

* Power consumption of auxiliary
components are negligible

Geothermal
T Fluid
N ‘
,{i‘j \ (1) ,
Primary Heat .
Exchanger (PHE) Turbine
(6) (2)
A
[51 RECUPEFET_UF [3]

Condenser

5 C E{ (4)

Pump

‘ Cooling 1

Water




Design Inputs & Constraints

Geothermal : , o
T g ‘ < Geothermal inlet (1 kg/s): T1 + 11°C
PHE pinch = 10°C f"“"“\\ (1)
Effectiveness = 0.9 “_: /) ) Isentropic Efficiency = 0.85
o i) Turbine Mechanical Efficiency = 0.90
(6) (2)
§ % < Effectiveness = 0.8
(5) ‘lRECUperatDr [3]

<«<— Condensing temp. = 25°C

Condenser

Isentropic Efficiency = 0.85 (4) _ o
Mechanical Efficiency = 0.90 _)é C } ‘< Condenser pinch =3"C

Effectiveness = 0.9

Pump Cooling

)

Cooling water. = 20°C, 5 bar
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Parametric Analysis - Isobutane
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Parametric Analysis - Isobutane
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Optimization Results
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Optimization Results - Pressure
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Conclusion

* Key factors

* Best performance in plant efficiency: *isopentane, *pentane, butane,
butane, and cisbutene

* Worst performance: Carbon dioxide

* Non-dimensionalized optimized conditions in respect to the critical
point: No clear trend

* For cases with varying inlet temperature: cisbutene, butene, and butane

* Future work
e Consider auxiliary power
* Compare different condensers suitable for geothermal power systems
e Multi-variable optimization: recuperator, condensing temperature, etc
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