
 
 
 

Heat pumps 2-stage with buffer 
 
Air-to-water heat pumps: If the outside air is to be used in winter, for example in Central Europe at -15°C, a 
2-stage heat pump with a natural refrigerant such as R717 (NH3) with a GWP = 0 (Global Warming Potential) 
is recommended, preferably for greater capacity with oil-free turbo compressors. Thanks to non-contact 
magnetic or gas bearings, lubricating oil is completely dispensed with. The flowing refrigerant serves as the 
lubricant, which prevents the oil from foaming and increases the efficiency in the heat exchangers due to 
the lack of oil films. 
 

 
 
Low pressure level 1: For optimal regulation, 2 turbo compressors compress the refrigerant to a modest pres-
sure and temperature level. The evaporator is a fin coil heat exchanger, that cools the outside air and must 
be defrosted periodically with hot gases via a second collector in winter due to frost formation. If you 
wanted to defrost via the capillaries, it would take far too much time. 
 
High-pressure level 2: For reasons of optimal regulation, 2 turbo compressors compress the refrigerant to an 
acceptable pressure and temperature level. This results in a high usable heat of 60°C for hot and heating 
water. 
 
Buffer and cooler: Between the low and high pressure stages, there is a buffer, which has the task of separat-
ing the throttled condensate of the high pressure stage into a liquid and a gaseous component and cooling 
the gas of the low-pressure stage from (2) to (3). Of course, one wonders why this cooling requirements, 
which worsens the COP compared to cascade heat exchangers, is often not addressed, see: The two-stage 
cold steam compression heat pump with intermediate tank (mixed condenser) by Prof. Dr.-Ing. Hans-Herbert 
Vogel in HLH BD. 77 (2026) NO. 06, pages 32 to 36. You might think that this also works without a cooler, and 
you also have no idea about subcooling at the condenser and overheating at the evaporator, which is of 
course absolute bullshit! 
 

 

Refrigerant R717 (NH3) 
Buffer without cooling coil Bullshit 
 

Low-pressure compressor stage 97,605 kW 
High-pressure compressor stage 94,300 kW 
 
 

Expenditure 191,905 kW 
 

Yield: High-pressure condenser 500,000 kW 
 
COP = 500.000/191.905 2.605 
 

 

Refrigerant R717 (NH3) 
Buffer with cooling coil Reality 
 

Low-pressure compressor 2-stage 97,605 kW 
High-pressure compressor 2-stage 94,300 kW 
Cooling (2)-(3) 83,448 kW 
 

Expenditure 275,353 kW 
 

Yield: High-pressure condenser 500,000 kW 
 
COP = 500.000/275.353 1.816 
 

 



COP (Coefficient of Performance): The COP is the coefficient of performance of a heat pump. It indicates 
the ratio of useful heat generated to electrical and unusable cooling energy used for the buffer. The higher 
the COP, the more efficiently the heat pump works. 
 
SCOP (Seasonal Coefficient Of Performance): Since the COP depends on the outside temperature, another 
more meaningful indicator must be considered for real economic efficiency. The SCOP shows the seasonally 
weighted efficiency across different operating points in the laboratory. 
 

 
 

 

APF (Annual Performance Factor): The actual, average efficiency 
value of the system over the whole year must be calculated, taking 
into account the heating demand and the hours as a function of the 
outside air temperature. The COP with buffer cooler at an outside air 
temperature of -15°C is 1,816. This rises to 6,240 at an outside air tem-
perature of 20°C. For Bern (CH), the meteorological operating hours, 
the water flow temperature and the temperature difference to the 
outside air temperature are shown on the right. Averaging results in a 
APF without buffer cooler of 4,532 (Bullshit) and a in a APF with buffer 
cooler of 3,159 (Reality). 
 

 

 Temp. Bern Water Δt 
 °C h °C K 
 -15 45 60 75 
 -10 83 58 68 
 -5 212 56 61 
 0 669 54 54 
 5 1379 52 47 
 10 2119 50 40 
 15 2026 48 33 
 20 1220 46 26 
 

 



Refrigerant R717 (NH3)
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Enthalpy
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Description
1=Refrig. compressor
2=Refrig. compressor
3=Hot gas Condenser
4=Condensation'' (Vapor)
5=Condensation' (Liquid)
6=Subcooling Condenser
7=Subcooling additional
8=Evaporator Injection point
9=Evaporator'' (Vapor)
10=Superheating Evaporator
11=Superheating additional
12=Evaporator' (Liquid)

bar °C kJ/kg kW kg/h (n)Refrig. compressor

1=Refrig. compressor 8.575 27.000 1643.837
2=Refrig. compressor 29.492 139.756 1875.880
Difference 232.043 94.300 1463.008
Polytrophic exponent (n) 1.348

bar °C kJ/kg kW kg/h COPCondenser
3=Hot gas Condenser 29.492 139.756 1875.880
4=Condensation'' (Vapor) 29.492 65.000 1630.217
5=Condensation' (Liquid) 29.492 65.000 661.442
6=Subcooling Condenser 29.492 62.000 645.538
Difference 1230.342 500.000 1463.008 5.302

bar °C kJ/kg kW kg/h Subcooling additional

6=Subcooling Condenser 29.492 62.000 645.538
7=Subcooling additional 29.492 62.000 645.538
Difference 0.000 0.000 1463.008

bar °C kJ/kg kW kg/h COP FlashgasEvaporator

12=Evaporator' (Liquid) 8.575 20.000 436.933
8=Evaporator Injection point 8.575 20.000 645.538 0.176
9=Evaporator'' (Vapor) 8.575 20.000 1623.317
10=Evaporator Superheating 8.575 27.000 1643.837
Difference 998.299 405.700 1463.008 4.302

bar °C kJ/kg kW kg/h Superheating additional

10=Superheating Evaporator 8.575 27.000 1643.837
11=Superheating additional 8.575 27.000 1643.837
Difference 0.000 0.000 1463.008

bar °C kJ/kgPressure drop

2-3=Pressure drop 0.000
11-1=Pressure drop 0.000

ƿ V̇ c max di min di eff da eff Ø eff
kg/m³ m³/h m/s m mm mm ---

Connections
----
Condensation'' (Vapor) 23.285 62.830 9.655 0.048 51.000 54.000 2"
Condensation' (Liquid) 535.999 2.729 1.508 0.025 32.000 35.000 1 ¼"
Evaporator' (Liquid) 610.221 2.398 1.286 0.026 32.000 35.000 1 ¼"
Evaporator'' (Vapor) 6.700 218.373 14.439 0.073 84.900 88.900 3"



Refrigerant R717 (NH3)
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Description
1=Refrig. compressor
2=Refrig. compressor
3=Hot gas Condenser
4=Condensation'' (Vapor)
5=Condensation' (Liquid)
6=Subcooling Condenser
7=Subcooling additional
8=Evaporator Injection point
9=Evaporator'' (Vapor)
10=Superheating Evaporator
11=Superheating additional
12=Evaporator' (Liquid)

bar °C kJ/kg kW kg/h (n)Refrig. compressor

1=Refrig. compressor 1.514 -18.000 1590.190
2=Refrig. compressor 8.575 153.803 1960.036
Difference 369.845 97.605 950.071
Polytrophic exponent (n) 1.422

bar °C kJ/kg kW kg/h COPCondenser
3=Hot gas Condenser 8.575 153.803 1960.036
4=Condensation'' (Vapor) 8.575 20.000 1623.317
5=Condensation' (Liquid) 8.575 20.000 436.933
6=Subcooling Condenser 8.575 17.000 422.759
Difference 1537.276 405.700 950.071 4.157

bar °C kJ/kg kW kg/h Subcooling additional

6=Subcooling Condenser 8.575 17.000 422.759
7=Subcooling additional 8.575 17.000 422.759
Difference 0.000 0.000 950.071

bar °C kJ/kg kW kg/h COP FlashgasEvaporator

12=Evaporator' (Liquid) 1.514 -25.000 229.186
8=Evaporator Injection point 1.514 -25.000 422.759 0.144
9=Evaporator'' (Vapor) 1.514 -25.000 1573.800
10=Evaporator Superheating 1.514 -18.000 1590.190
Difference 1167.431 308.095 950.071 3.157

bar °C kJ/kg kW kg/h Superheating additional

10=Superheating Evaporator 1.514 -18.000 1590.190
11=Superheating additional 1.514 -18.000 1590.190
Difference 0.000 0.000 950.071

bar °C kJ/kgPressure drop

2-3=Pressure drop 0.000
11-1=Pressure drop 0.000

ƿ V̇ c max di min di eff da eff Ø eff
kg/m³ m³/h m/s m mm mm ---

Connections
----
Condensation'' (Vapor) 6.700 141.810 14.439 0.059 72.100 76.100 2 ½"
Condensation' (Liquid) 610.221 1.557 1.286 0.021 25.000 28.000 1"
Evaporator' (Liquid) 671.591 1.415 0.598 0.029 32.000 35.000 1 ¼"
Evaporator'' (Vapor) 1.296 733.185 11.714 0.149 159.300 168.300 NW 150"



DX evaporator: 40/35/16-8R-64T-5000A-4.0PA-85C-AISI 304/Al/AISI 304 Software by www.zcs.ch

Capacity kW 297.690 ------ sensible: 249.069
Surface reserve % 2.863 latent: 42.078
Present surface m2 1652.264 frost: 6.544
Required surface m2 1606.279 0.0 % Oil ISO VG32
k-coeff. W/m2K 38.476
Average temp. diff. ( 100.00 % ) K 4.817

Air humid (ff=0.00005 m2K/W) Inlet Outlet Definition

Height over sea level m 0.000
Pressure hPa 1013.250
Temp. °C -15.000 -22.466 20.000
Rel. humidity % 100.000 100.000 40.000
Abs. humidity g/kg 1.006 0.492 5.783
Density humid kg/m3 1.366 1.407 1.200
Enthalpy humid kJ/kg -12.603 -21.391 34.801
Volume flow humid m3/h 87391.154 84793.857 100000.000
Mass flow dry kg/h 119278.084 119278.084 119278.084
Condensate flow kg/h 61.253
Surface temperature °C -22.525 -23.757
Velocity m/s 1.897 1.840 2.170
Pressure drop (dry 66 Pa) Pa 69.660

R717 (NH3) Evaporation 1.514 bar (ff=0.00005 m2K/W)    Part of steam on the inject point 12.64 %

Condensate'' °C 15.000
Condensate' °C 15.000
Subcooling °C 12.000
Evaporation'' °C -25.000
Superheating °C -18.000
Mass flow kg/h 899.795
Volume flow m3/h 694.387
Velocity m/s 13.934
Pressure drop Evaporation K 0.835
Pressure drop Capillary bar 4.880

Technical data
Capillary: 5.00 x 1.00 x 2760.00 mm

Tubes total Piece 512 Tubes: smooth AISI 304
Tubes blank Piece 2 Tubes: staggered
Tube rows on the depth Piece 8 Collectors: AISI 304
Tube rows on the height Piece 64 Connections: AISI 304
Tube coupling in series Piece 6 Fins: ribbed Al
Number of circuits (NC)  Piece 85 Frame: 2.0 mm AISI 304
Volume l 481 Circulations: 1 Default
Weight kg 1676 Protection: without
Cond. connection KK mm 42 Protection: ---
Steam connection KD mm 168 Air flow direction: horizontal
Frame height RH mm 2640
Frame width BT mm 5328
Frame depth RT mm 440
Finned height LH mm 2560
Finned width LB mm 5000
Finned depth LF mm 277
Frame on top RO mm 40
Frame on bottom RU mm 40
Frame in front RV mm 30
Frame on back (~69mm) RN mm 69
Covering (~259mm) AD mm 259
Collector distance KA mm 243
Fin spacing LT mm 4.000
Fin thickness LD mm 0.200
Tube diameter DA mm 16.400
Tube thickness S mm 1.000
Tube interval on the height S1 mm 40.000
Tube interval on the depth S2 mm 34.641
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This requires 10 fans from Ziehl-Abegg, type FE80-AD.6N.V7.Y. 
These models use bionically shaped blades modelled on the owl's 

wing and are used worldwide in mechanical engineering as well as in 
air-conditioning, refrigeration and ventilation technology.
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Gekühlter Puffer und zusätzlicher Wasserkühler 
 

Wer nun wirklich idiotischerweise meint, egal ob 
emeritierter Professor oder seniler Doktor-Ingenieur 
oder noch schlimmer beides, dass man eine 2-
stufige Wärmepumpe ohne Zwischenkühlung 
betreiben könne, soll es dummerweise ruhig 
mehrmals versuchen, ohne dabei etwas zu lernen, 
und nachträglich in Garantie regelmässig und vor 
allem kostenlos eine Nachbesserung liefern, frei 
nach dem Motto: Dumm, dümmer am dümmsten. 
 
Flash intercooler (buffer) and water intercooler 
 

Anyone who really idiotically thinks, whether 
emeritus professor or senile doctor-engineer or even 
worse both, that you can operate a 2-stage heat 
pump without intermediate cooling, should stupidly 
try it several times without learning anything, and 
subsequently deliver a repair regularly and, above 
all, free of charge, according to the motto: Stupid, 
dumber is the stupidest. 
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