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3.1 Low temperature lift, high COP heat pump

HP operation COP & Qheat
Average Tamb (Low/High) 1°C/5°C 80.00 10.00
No of Cycles 24 2000 ¥ Heating Capacity - 9.00
Average operation time/cycle 9B i fEs corp - 8.00
§‘ 60.00 . & e
Superheat settin 8°-12°K = ¢ TS ¢ & 700
E i 8 ) 2 50.00 ¢ & 2409 ,00¢7 %, oo
Subcooling 11.3°K § U XX XXXy XXXXXXXXXXXXx [-%
STES Average temperature 34.8°C 8 4000 T5g% . 9 >0 O
Max. HP Water Outlet 52°C :’%” 30.00 - 4.00
Average Heating Capacity 43kW E 20.00 P30
Average COP 7.43 - 2.00
10.00 L 100
0.00 T T T T T T T T T T T T T T T T T T T T T T T T 0.00
01234567 8 910111213141516171819202122232425
HP Cycles
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3.1 Low temperature lift, high COP heat pump

Coefficient of Performance (heating)
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Heating Capacity Request (kW)

Passnan

|

o

80:00:8T 610Z/ST/T0
80:76:LT 610Z/5T/T0
80:¥b:LT 6T0T/ST/TO
80°9€:£T 6T0T/ST/T0
80:82:£T 6T0T/ST/TO
80:02:LT 6T02/ST/TO
80:C1:LT 6102/5T/10
80:%0:LT 6T02/ST/TO
80:95:9T 6T0Z/T/T0
80:8v:9T 610Z/5T/T0
80:01:9T 6T0Z/5T/TO
80:2€:9T 6T0Z/ST/T0
80:42:9T 610Z/5T/T0
80:9T:9T 6T02/5T/T0
80'80:9T 6102/5T/T0
80:00:9T 610Z/5T/T0
80:25:ST 6T0C/ST/TO
80:b:ST 6102/5T/T0
80:9€:5T 610Z/5T/T0
80:8¢:ST 610/T/T0
80:02'ST 6102/5T/T0
80:ZT:ST 6T0Z/ST/TO
80:70:ST 6T0C/ST/TO
80:95:¥T 6102/5T/10
80:8b:tT 6T02/5T/T0
80:07:¥T 6T0Z/T/T0
80:ZE YT 6102/5T/T0
80:WZ:T 6T0T/ST/TO
80:9T:¥T 610Z/ST/T0
80:80:bT 6T0Z/5T/T0
80:00:T 6T02/5T/T0
80'¢5'€T 6T02/ST/T0
80:Vb:ET 6T02/5T/T0
80:98:€T 6T0C/ST/TO
80:82:€T 6102/5T/10
80:02:€T 6T02/5T/T0
80:CT:ET 6T0Z/ST/TO
80:v0'€T 6T0Z/ST/TO
80:95:ZT 6T0Z/ST/TO
80:8Y:¢T 610Z/5T/T0
80:00:Z1 6102/5T/10
80:Z€:ZT 6T02/ST/TO
80:v2:CT 6T0Z/ST/TO
80:9T:ZT 610Z/5T/T0
80:80:¢T 6T0T/T/T0
80:00:2T 610Z/ST/T0
80:76:TT 6T02/5T/T0
80:4b:TT 6T02/5T/TO
80:9€:TT 6T0Z/ST/T0
80:82:TT 610Z/5T/T0
80:0¢:TT 6T0Z/T/T0
80:ZTTT 6102/5T/T0
80:00:TT 6T02/5T/T0
80:95:0T 6T0Z/ST/T0
80:8Y:0T 6T02/ST/T0
80:0v:0T 6T02/5T/T0
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3.2 Heat Pump for Demand Side Management

* Test Chamber — Humidity and ambient temperature control

T r— HP and balancing rig moved to
! e test chamber and plumbed in
- e Sensor set-up and wiring

completed for HP and test
chamber

PID control of chamber humidity
reinstated




3.2 Heat Pump for Demand Side Management

highlight

= 6l/min, heat demand requested from

Chamber = 15°C/RH90%, water flow rate

gRHRUMP AT
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| Logging resolution every 10 seconds — 30seconds too short to see

17/06/2019

Logging resolution every 30

seconds

difference



3.2 Heat Pump for Demand Side Management

£ Modbus monitoring ver. 28.2.0.0 _ %

Modbus address 7

‘ Get configuration from file ‘ Get and write configuration from file ‘ Write configuration to file

Startup | Monitoring | Configuration | Write | Alarm logging | Graphics | Envelope 1

Operating point (press F1 for help)
70

60 -

50

)
=
e
3
2
T 40
v
Q
5 //
4
8
g- _____________4
@ 307 I ——
= 4
jut]
o 1 c——_——/——-j
c
(=]
[
20
10
0 -—T——————F————————— "/ T [ T[T [ T T T [ T[T
-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

A

Options

About

ENG

12:34

18/06/2019

&



Viscosity (cSt)
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3.3 High temperature heat pumps
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3.3 High temperature heat pumps
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3.3 High temperature heat pumps

Expansion valve — failure >100°C.

» Upon investigation the stepper motor had failed.

Compressor oil shaft seals failed — (Between compressor and motor)

» High oil temperature may be responsible.

» Some wear on internal parts evident on sump plug.

Oil sump temperature

» Increases above >90°C Condensing temperatures.

Start-up Issues

» Liquid refrigerant in suction line.

LoT-NET ¥




Temperature (€}

3.3 High temperature heat pumps

R245fa R1233zd

TEST - Condenser 80>100°C_Evaporator 50°C TEST - Condenser 80°C > 100°C_Evaporator 50°C
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10 1 12 13 14 15 16 17 1 12 13 14 15 16 17
Time o i
—e— OIL_Hex_in (degC) OIL_Hex_out (degC) —e— Oll_Separator surface [degC) —e—OlIL_Hex_in (degc) OIL_Hex_out (degC) —e—OIL_Separator surface (degC) =+ OIL_Sump (degC) @~ CONDW IN (degC)
—@—CONDW IN (degC) H— COND W OUT (degC) —a—EVAP W IN {degC) ;
EVAP W OUT (degC) Oll_Sump (degC) Pressure in Sump (Bar) === COND W OUT (degC) =—gr=—EVAP W IN (degC) == EVAP W OUT (degC) =&~ Pressure in Sump (Bar)

20cST is the target at operation points.
Suggestions: Fuchs RENISO TRITON SEZ320 (POE).
POE suitable with HCFO and miscible.

Other potential oil:

PAG but not tested for long terms performance,

LOoT-NET ¥

miscibility, acidity, corrosivity etc



Replacing R245fa

COP

4.5

a4 |
35 |

3 |
25 |

2 |
15 |

1 |
05 |

o -

R134a R245fa R1233zd R1234ze Propane

mCOPS80C mCOP120C mCOP160C



Replacing R245fa - Baseline
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3.3 High temperature heat pumps

Data acquisition rLl

system ?

TS VS DM
1t

] orl frs =9 e
)
s I j q | =

e

Thermostatic O Sight window
bath Test cell

PT : Pressure transmitter
TT : Temperature sensor

- H O- ] l VS : Viscosity sensor
| P | [ ] DM : Density/mass flow meter
TS5 P :Pump

Insulated tank

Schematic of the test equipment

Viscometer Test Rig LoT_ NET 2 3



3.3 High temperature heat pumps

Viscometer Test Rig LOT-NET “



3.4 Combined heat pump/ORC

* Industrial applications may want to generate power
from excess heat in two systems

llllllll
VVVVVVVV

eeeeeeeeeeeeeeeee

e Stage 1 — Expander

aaaaaaaaaa

e Stage 2 — Compressor as a Pump?

» Stage 3 — ORC/Heat Pump

LOoT-NET ¥



3.4 Combined heat pump/ORC

%iectnc motor
Internal Heat o

Electric generator

-
h Scroll Regenerator 8 Scroll
- c egenerse )
[xc”:::ger compressor & F\:;;ass expander | )
(HX) (@& e g |
e >
Condenser Heat sink Condenser Heat sink
HTHPMODE (@ 3@ o9t e ORC MODE
Evaporator Evaporator ORC Pump
o
Expansion Bypass
valve IHX

Multi-objective optimization of a novel reversible High-

Temperature Heat Pump-Organic Rankine Cycle (HTHP-ORC) for

industrial low-grade waste heat recovery

Energy Conversion and Management, Volume 197, 1 October

2019, Article 111908 LOT'NET“ 2 Y
Carlos Mateu-Royo, Adrian Mota-Babiloni, Joaquin Navarro-

Esbri, Bernardo Peris, Marta Amat-Albuixech



3.4 Combined heat pump/ORC

Direct heating exchanger
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Expansion valve
Experimental investigation of a reversible heat
pump/organic Rankine cycle unit designed to be
coupled with a passive house to get a Net Zero
Energy Building
International Journal of Refrigeration, Volume 54,
June 2015, Pages 190-203 LOT'NET" ¥

Olivier Dumont, Sylvain Quoilin, Vincent Lemort



Thank you.



