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NTUA's role in the REGEN-BY-2 project

e Leading partner in WP3[1 Design and construction of REGEN-BY-2 two-phase expander
o  Development of a deterministic model for two-phase expanders \/
o  Testing of acommercial single phase expander in two phase conditions -

o  Development and performance evaluation of two-phase expander prototype

e Contribution in works for development of REGEN-By-2 prototype test rig and the planned
experiments
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Topics of presentation

Test rig development

Evaluation of a commercial single-phase expander performance in two-phase conditions



Test Rig Concept

o
N Qoo oo lel ¢ o o o o8
RI8l 8 @ 8 |8 € = 2 g 3
1\1/ :
e o
B H O
‘‘‘‘‘‘ o
o
0
N
N S °
ot go
N
L 3
- o) gt}
S 2 =]
(1eq) ainssald
- ©
o
=
1S
N O o - —
- e * )
©® © N
. 0
/ &
N
N\
//
o
N - 1=
N MO
//
N,
AN
N\
N =)
LN -
\
//
AN
///
A (=)
N\
! ! ! ! !
= o = o =
Yo = Yol = Yol
A <A e} 35} N

] emyeraduag,

Enthalpy (kJ/kg)

Entropy [J/kgK]

RG



RG

Nominal Operating Conditions
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Two Phase ORC test rig




Contro
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Control Interface for hudraulic circuits
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Basic two-phase control strategy - Sequence

State After Initial start-up:

ORC pump running at partial load
& delivering constant mass flow
rate

Evaporator produces
superheated vapour

Expander is by-passed by
refrigerant flow & is mechanically
decoupled from generator

Generator is running at fixed
speed (low rpm) as a motor.
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Basic two-phase control strategy - Sequence

Controlling the Inlet Quality at the

expander

Main control variables

« Evaporator inlet water
temperature

*  ORC mass flow rate (through
ORC pump rotational speed)

« Expander Rotational Speed

G

Two-phase conditions are achieved
and quality can be decreased by:

* Reducing the evaporator inlet
water temperature

* Increasing the ORC pump
rotational speed + slightly
adjusting the evaporator water
inlet temperature to fine-tune
the inlet pressure at the
expander)

* Decreasing the Expander
Rotational Speed

All other parameters are in these
cases kept constant

The imposed Rp (Pressure
Ratio) is controlled by the
condensation pressure
(low-pressure of the
system) through the
regulation of water inlet
temperature/mass flow rate
at the condenser inlet

The theoretical control
strategy has been
experimentally confirmed
[J stable operation is now
easily achieved
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Density measurements
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Effect of the pressure ratio

0,55

0,53

eis

0,47

0,45

Effect of Imposed Pressure Ratio on expander
efficiency

—e—cis
nv 0,90

0,80

060
>
0,50
0,40
0,30

0,20
25 3 3,5

e (-)

850

800

750

ft (W)
:

Wsha

650

600

550

500

22

Pressure Ratio Effect on Wshaft

24

26

™ (-)

28

32

14



Effect of the expander’s rotational speed
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Effect of Expander Rotational Speed effecton X, eis & nv
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Combined variation of inlet pressure and
IMmposed pressure ratio
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Conclusions and next steps

e Asophisticated lubrication system causes significant complexity. Tests with the lubrication
system will be done for comparison reasons

e 50 steady-state operational points have been acquired for different expander rotational
speeds, inlet qualities, refrigerant mass flows, inlet pressures, and imposed pressure ratios

e The performance of the expander is negatively affected by two-phase conditions showing
worse efficiency for decreasing inlet vapor qualities [1 solution: development of two-phase
expander prototype

e The prototype two-phase expander is currently tested in the setup...
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