The high cost of air and water in NH3
refrigeration systems

Air and water in NH3 systems reduces refrigeration capacity and increase power
consumption in NH3 refrigeration and heat pump systems.

The “rules of thumb” are:
Air:

Every degree C higher condensing pressure due to air in the system means approx.
3% higher power consumption and approx. 1% less refrigeration capacity.

Water:

Every percent (%) water in the evaporator means approx. 1 % less refrigeration
capacity and approx. 2 % higher power consumption.

Further: air (oxygen) and water boost chemical reactions in the system, decompose
the oil, create sludge and corrosion increasing service and maintenance cost.

Accurate running cost calculation:

Cool Products has developed a calculation program for accurately calculating the
increased running cost with water and air in the system.

The program CPAWcalc. V.1.6 is a free download and can be downloaded from:
https://www.dropbox.com/sh/mhn3gl9j7i6efqe/AABOoP9GNnQJISWjHJcT8KCaaa?dI=0

R717 Refrigeration systems:

Example below of a calculation on a R717 one stage -30 °C/+30 °C, 1000 kW system
operating with 3% water in the ammonia and 3 °C higher condensing temperature
because of air in the condenser.

Capacity and efficiency for the system with and without air and water effecting the
system are calculated. In this example the system with air and water will only have
86.36 % system efficiency.


https://www.dropbox.com/sh/mhn3gl9j7i6efqe/AABOoP9GnQJI8WjHJcT8KCaaa?dl=0

Cool Products CPAW Calc. v1.5 (One-stage only)
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System Type
~Type Swepyo 45335] [m3/h]
(+ Piston Wo,
" Screw ﬂvuﬂ

Full load hours per year [hiyear]

Design conditions

Evaporation temperature (Design)= [C]
Condensing temperature (Design)= @l [C]

Air and Water in the system

Airpeita =E| [K] (Higher TC due to air)

Water ﬂ [%] Water |

[~ Advanced
With Air and Water Without Air and Water
Tc=33[C] Ten = 30[C]
Te=-314[C] Tepnu =-30 [C]
COP=10641[] COPpy =19
Qe = 844 2 [kW] Qepyyy = 1000 [kW]
Qc = 1358,6 [kW] QeCpyyy = 1526,4 [KW]
Qp = 514,4 [kW] QP = 526,3 [kW]

Qprota = 559,1 [kW]
Runy, = 5000 [h/year]
KWh = 2, 796E+06 [kWh/year]

QPNul, Total = 572,1 [KW]
Runthu" = 4221 [h/year]
KiWhyyy = 2,414E+06 [KWhiyear]

Nyol = 0,5499 Nyol, Null = 0,6016

Nis = 0,5762 Nis Null = 0,6057

Pressure ratio= 11,43 Min=2 Max=11 Pressure ratio= 9,777 Min=2 Max=11
Energy Save Cool Products Instalation Cost

kWh,,, = 381292,8 [kWhiyear]

Invest =33333|[CCY]

Price . =0,08| [CCY/kWh]
CCYaye = 305034 [CCYivear]
P_a[&k =1.1 [year]

CCY=Curency used in e sudyss

System Efficiency= 86,36 [%]

c.cm o ooF
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Load Save

Example of calculation made in the CPAWCcalc. Program. The calculation shows the
impact of 3 °c higher condensing pressure because of air in the system and 3% water
in the R717 where system efficiency is reduced to 86.36 %



P [kPa]

If the cost of power, installation of efficient water and air purgers, and running
hours is put into the program, a payback time will be calculated as well
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R717 Heat pump systems:

The curves to the left
show the changes in
evaporating
temperatures for R717
the calculations are
based on.

These curves can be
shown in the program

Log Ph diagrams for
the calculated
systems can be shown
in the program.

Green lines with no
air and water. Red
lines with air and
water contamination.

2500

The only reason for selling or buying a R717 heat pump is the COP value (efficiency).



If the COP value of the heat pump drops the economic and financial reasons for
investing in a heat pump might not be valid.

COP (hp) of a heat pump is COP (ref) of a refrigeration system plus one:
COP (ref) + 1 = COP (hp)

If an industrial R717 heat pump is delivered with a promised COP (hp) =4.85 it
means you will get 4.85 kW heat for each 1 kW power.

Pure anhydrous NH3 in refrigeration quality has max. 0.3 % H20

As all H20 ends up in the evaporator you easily get 0.5 % in the evaporator
immediately and a little bit of non-condensable (air) gas from chemical reactivity.

Below refrigeration calculations (+20 °C/65 °C) shows the effect of 0.5 % water and
0.5 °C higher condensing temp due to air.

For a heat pump it means COP (hp) = 4.85 drops to COP (hp) = 4.65 when the heat
pump is started as brand new.

COP (hp) drop =4.12 % with new ammonia and 0,5 °C higher CT because of air.

If the heat pump over time reaches 3 % water content and 3 °C higher condensing
temp. due to air, we will get COP (hp) =4.30

COP (hp) drop = 11.34 % with 3 % water and 3 °C higher CT because of air
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Cal*

PRODUCTS

www.coolpartners.dk
System Type
Type Swepyo [m3/h]
(¢ Piston wor
" Screw “VLT"El

Full load hours per year [hiyear]

Design conditions

Evaporation temperature (Design)= @ [C]
Condensing temperature (Design)= @ [C]
Air and Water in the system

Airpeita [K] (Higher TC due to air)
Water ={0,5| [%] Water |

[~ Advanced
With Air and Water Without Air and Water

Tc=655][C) Tenun =65 [C)

Te=18,76 [C] Tepnu =20 [C]

COP=3651[] COPpyyy = 3,855 []

Qe = 951,1 [kW] Qepyyy = 1000 [kW]

Qc =1211,5 [kW] Qe = 1259,9 [kW]

Qp = 260,5 [kW] QP = 259,5 kW]

Qprotal = 283,1 [KW]

Runy, = 5000 [h/year]

kWh = 1, 416E+06 [kWh/year]
Nyol = 0,8205

i = 0,721

Pressure ratio= 3,618 Min=2 Max=11

QPN Total = 282 [KW]

Runy, yn = 4753 [hiyear]
KWhypyy = 1,341E+06 [KWhiyear]
Nyol,Null = 0,8275

nis.NulI = 0,7247

Pressure ratio= 3,437 Min=2 Max=11

Energy Save

Cool Products Instalation Cost

KWh,,. = 74991,8 [kWhiyear]

Invest = 24000( [CCY]
Price o ={0,08( [CCY/kWh]

m_,we = 59993 [CCYlyear]
P_ay&k =40 [year]

CCY=Curency used in the sulyss

System Efficiency= 94,7 [%]

4 P-h PDF
Load Save
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Cool Products CPAW Calc. v1.5 (One-stage only) C OO Ek

PRODUCTS

System Type
Type Swepyo [m3/h]
& Piston Tisotor 70:92]
" Screw WLT’EI

Full load hours per year [hiyear]

[~ Advanced

Design conditions
Evaporation temperature (Design)= @ [C]
Condensing temperature (Design)= @ [C]

Air and Water in the system

Airpeita =E [K] (Higher TC due to air)

water 3] (%] Water |

With Air and Water

Tc=68[C]
Te=17,86[C]
COP=3304[]

Qe = 897,3 [kW]

Qc = 1168,9 [kwW]
Qp = 2716 [kW]
Qprotal = 295,2 [KW]
Runy, = 5000 [h/year]
KWh = 1, 476E+06 [kWh/year]
Nyor = 0,808

Nic = 0,7136

Pressure ratio= 3,95 Min=2 Max=11

Without Air and Water
Tenun = 65 [C]

Ten =20 [C]

COPpyu = 3,855 [

Qepgy = 1000 [KW]

Qe = 1259,9 [KW]

Qppyy = 259,5 [kW]

QPN Total = 282 [KW]

Runy, nyy = 4485 [hiyear]
KWhyy = 1,265E+06 [kWhiyear]
Nvol,Null = 0,8275

Nis Null = 0,7247

Pressure ratio= 3,437 Min=2 Max=11

Energy Save

Cool Products Instalation Cost

kWh,,. = 211074,0 [kWhlyear]

Invest ={24000| [CCY]

Price o =0,08| [CCY/kWh]
CCY,ye = 168859 [CCYivear]
Paypacy = 1.4 [year] CCY=Currency used in e andysis

System Efficiency= 85,7 [%]

P-h PDF

Load Save




Chemical reactivity:

Air and water contamination also lead to chemical reactivity in R717 refrigeration
and heat pump systems. Specially oxygen and water will make the oil decompose
and increase service and running cost

DIl samples from R717 systems

Good Acceptable Bad Disaster

Increasing amounts of H,0O —



Piston compressor running

“4 Filter from a heat pump
screw compressor oil
separator running with air
and water and possibly
other contamination in a
very chemical reactive

# system.




