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Introduction (1/2) *
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- ORC systems for waste heat recovery are widely investigated
- Research is heavily focused on optimization of such systems:
» Working fluid
« Components (e.g., HEX, expanders)
* Cycle thermodynamics (e.g., PEORC)

- As volumetric expanders are often employed in the medium to low
power range, the expansion process is far from being adiabatic:

» Possibility to pursue an isothermal expansion

Concept of ORC with flooded expansion and internal regeneration
» What type of expander ?
» Include the actual performance of an expander in the cycle evaluation
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Introduction: Literature Overview (2/2) *
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- Concept of flooded expansion has been firstly investigated by Hugenroth
et al. (2007) in an Ericsson cycle cooler

- Woodland etal. (2013) analyzed the benefits of flooded expansion and
Internal regeneration in an ORC along with practical challenges

- Open-drive scroll expanders were used due to availabllity, efficiency and
displacement required for the baseline cycles

E. Georges (2012) characterized the performance of a scroll expander.
It was concluded that higher volume ratios would be desired to benefit
from flooding

J.J. Hugenroth, J.E. Braun, E.A. Groll, G.B. King, “Thermodynamic analysis of a liquid-flooded Ericsson cycle cooler”, .J.R.,30 (2007), 1176-1186.
B.J. Woodland, A. Krishna, E.A. Groll, J.E. Braun, W.T. Horton, “Thermodynamic comparison of organic Rankine cycles employing liquid-flooded
expansion or solution circuit’, AT.E., 61 (2013), 859-865.

E. Georges, “Investigation of a Flooded Expansion Organic Rankine Cycle System”, Master’s Thesis, University Of Liege (2012).
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ORCLFE System description
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Cycle Modeling: Assumptions (1/2) *
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Real gas model for the working fluid
The flooding medium is considered incompressible and volatile

The ideal mixture model is used
Pressure drops in the heat exchangers in line sets are neglected

o O 0O 0O O

The liquid and the gas flows are assumed to be in thermal and
mechanical equilibrium

QO Perfect mixing
O Perfect separation process in the oil separator except where specified

0 Fixed volumetric displacement rate for the expander with a filling factor
equal to unity

9/15/2017 D. Ziviani (dziviani@purdue.edu)



Cycle Modeling (2/2)
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[nitialize

. MM Terit Perie OEL AL ODP GWPigoy:
Hluid (ke kol ) (°C)_(kPa)_(ppm) SOV GO (or) ) o
R245fa 134.05 153.9 3651.0 300 B1 7.6 0.0 1020 T l’}c_h; T
R1234ze(Z) 114.04 153.7 3533.0 800 AL2 0.027-0.049 0.0 >3 i :
R1233zd(E) 130.49 166.5 3623.6 800 Al 0.071 0.0 1 i |
R1336mzz(Z)  164.06  171.3 2900.0 500 Al 0.060 0.0 2 \ (Regenerator | |
| | .
s [
i Mexp
i ; :
Description Value i Expander) |
Condenser outlet subcooling 5°C  |Condenser) |
Temperature difference between heat sink and condenser outlet 5°C '
Cold sink temperature 20°C
Evaporator pinch point temperature difference 5°C
Heat source temperature 100-150 °C
Heat source mass flow rate 1 kg/s Update initial
Flooding ratio 0-1 state variables,
Regenerator effectiveness (if not specified) 0.9 | S
Pump isentropic efficiency 0.5 (Calculate Residual )
Pump electric motor efficiency 0.9
Expander isentropic efficiency Calculated
Expander mechanical effciency (if not specified) 0.8
Expander ambient heat transfer (UA 1) 0.01 kW/(m? K)

Negligible pressure drop in linesets, separator, mixer and heat exchangers -
Negligible heat loss in linesets, separator, mixer, pumps -
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Results: ORC vs ORCLFE
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a Fixed heat source 120 °C, R245fa
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Results: Irreversibility
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Results: Optimization (1/3) *
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O Screw expanders are usually oil-flooded machines which are favorable to
Implemented the ORCLFE concept

O Utilize a single-screw expander to evaluate the benefits of flooded
expansion. Experimental characterization of such machine has been
performed

O The volume flow of the cycle is imposed by
the displacement of the machine :
d Mechanical losses have been obtained by 3500
calibrating a semi-empirical model
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Results: Optimization (2/3)
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11-tooth peek wheel

6-groove screw rotor

s Total Pressure (MPa)
,?Z 0.20 0.40 0.60 0.80 1.0 1.2
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Results: Optimization (3/3)

. T i d T Wihe ORCLFE
Fhuid (O 1) Py () 595]:?;) 5_2091
100 0.3293 177.8 4.873 {é.ﬂ;EJ%) (+3.81%)
R245fa 120 0.1761 177.8 7.131 {1'13%17%) ?ﬁ_‘?}%%}
150 1.00 177.8 9.830 {1:';'3125%) ?i?_f}%)
100 0.4409 210.2 4.437 ?jf%s%) ?ﬁé_%lg%}
R1234ze(Z) 120 0.2039 210.2 6.392 {1._?;'10;9%) ?ﬁﬁgg%}
150 1.00 210.2 8.778 {1.15%1%) ?ig_ggg%)
100 0.3885 154.6 4.839 ?ﬁ%l%) ?ﬁ?g%}
R1233zd(E) 120 0.244 154.6 7.088 {l?rfa%%) ?ﬁ;_%go%}
150 0.4711 154.6 9.265 {1.3329%) ?j;"’%é%)
100 1.00 89.01 5.494 ?_-?g%g%} ?_-i%ﬁg% |
R1336mzz(Z) 120 0.167 80.01 8.912 (?_'3%%%) ?ﬁ%i%}
150 0.130 80.01 12.31 (1_26_?_25% ?ﬁfg%%)

Cycle Efficiency [-]

Net Power Output [kW]
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Results: Experimental Test Rig RAY W, HERRICKA
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Regenerator
SWEP B50Lx80 Static mixer
VMW-040-2-05-C-INJ

Generator
IE3 160M2-2P-15KW

380V-50HZ B35

Oil heater
SWEP B80Hx70

Evaporator
SWEP B200THx70
Pump Oil cooler
OCWI-34-3
Oil Pump

VERDER G10XKBTHFEHH

Condenser
1.5 kW 1000rpm 230/400V

SWEP B200THx70

Oil separator
Refrigerant Pump

VERDER G10XKBTHFEHH
2.2 kW 1500rpm 230/400V

Liquid receiver

FRIGOMEC 25L
Krohne CFM grsTr::/TAngl\gooo $25
OPTIMASS 1000-S 15 . !
(refrigerant loop)

(oil loop)
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0 Flooded expansion with PD expanders and internal regeneration have
been investigated to improve the performance of ORC systems

a High built-in volume ratio expanders such as screw-type are desirable
to benefit from the presence of large amounts of oil in the working
chamber

0 By employing a single-screw expander with 7, ,,,i1¢—in = 5.3, ORCLFE
led to 9.88% cycle efficiency increase in the case of R1234ze(Z) a
150 °C

a As the flooded medium mitigates the friction losses, the potential
Improvements on net power output and cycle efficiency are up to 20%

a Accounting for the working fluid and lubricant oil solubility yielded to in
Increase of oil pump specific work of to three times

O As a results of the study, a dedicated test rig has been designed and
built
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