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Water solubility in various refrigerants in vapour phase
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Water solubility in CO,
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Max. water solubility in wet CO, return lines @ -4%@
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seer M

Example:

-40 /-10 °C -CO, pump
circulating — system
RH =15 4% with 20 [ppm] water

RH =22%06

NH,;- Compressor

"High” water , ,
. Low™ water NH
concentration : 3
concentration .|

<\

20 ppm 1 ppm

Max. solubility in liquid CO2
@ -40 Deg. C: 130 [ppm]

@ -10 Deg. C: 405 [ppm]
Max. solubility in vapour CO2
@-40Deg.C: 7 [ppm]

@ -10Deg.C: 33 [ppm]

RH =15.4%0 RH =0.25%0
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Example:
20 ppm -4_0 /-10°C - CO, DX —system
with 20 [ppm] water

RH >100%0

\ Compressor NH,- Compressor

Dry suction
e

S5

Heat exchanger
(condenser)

\/

Evaporator L|qU|d ¢

20 ppm 20 ppm

Max. solubility in liquid CO2
@ -40 Deg. C: 130 [ppm]
@ -10 Deg. C: 405 [ppm]
Max. solubility in vapour CO2
@-40Deg.C: 7 [ppm]

@ -10Deg.C: 33 [ppm]
RH =66.7%0 RH =4.9%0
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Ammonia CO, Cascade System M

Filter Drier and Moisture Indicator

CO,- Compressor NH,- Compressor
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Temperature [ Deg. C]
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Moisture in CO, systems vapour phase M

90 ppm

0

RH = 0%

RH = 100%

AY,
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Function problems
Sensitive Other

equipment:  equipment:

 Solenoid » Filters
valves
e Other

Other
problems !

e Chemical
reaction |

* etc.

* Piston valves
7 ppm operated
valves * Etc.

RH >> 100%

Relative humidity




Solenoid valves in CO2 systems

Risk of freezing water
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Cold
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Increased water

-> risk

concentration
for freezing

Hot
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NO -> No power on during operation

NC -> Power on during operation
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Water in CO, systems

o

o - 9.

CO, H,0
Carbon dioxide Water
& 'H a4
H,CO,
Carbonic acid Water

HCO,

bicarbonate

H
H.Co,

Carbonic acid

HO"
Hydronium ion
"Activated aci

N

Danfilt

If water is
presentin CO,
systems, water
reacts with CO,
and creates
Carbonic acid.

The
concentration is
depending on

the water content

\ Stronqg acid
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Analysis of a deposit on the surface of the cylinder in a
ICF20-valve with sticking piston M




Analysis
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X-ray diffraction spectrum
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Energy dispersive analysis
(SEM/EDA)

The dry powder mainly contains
iron, oxygen and carbon.

Iron carbonate

18. 89

of the dry powder identifies it
to be pure iron carbonate.
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Refrigerant molecules and Molecular Sieve%

Micropore size in Zeolite LTA

1*10°* mm [39*10° inch]

CO, penetrates through the micropores unlike other refrigerants like
R134a. If water is present, it will also penetrate through the micropores
and throw CO, out, due to difference in polarity of water and CO.,,.

CO, driers with Molecular Sieves are very efficient.
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Moisture in CO, system M

|:> Service
:> Permeation

> ‘ To be removed continually

From CO,
supplier

> ‘ To be removed after stat up

H,0 amount in a CO, system

Rule of thumb:
1 DCR element can contain ~80 g H,0
 2elements /500 kg CO,
e 1.inspection — 1 week:
< 80 g H,0 -> next inspection interval double

~ 80 g H,0 -> next inspection interval unchanged
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Capacity — DCR

Liquid CO, - Water capacities DCR (DM ) core
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Water in CO, systems M

How can water penetrate into a CO, system?

» Diffusion

» Maintenance and repair practices

» | Incomplete water removal during installation / commissionin

» Water-contaminated lubricant charged into the system

»  Water-contaminated CO, charged into the system

Obviously, all these mechanisms should be avoided/minimized !

Note: 1 gram water in 1000 kg CO, — 1 ppm

REFRIGERATION AND AIR CONDITIONING



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Capacity – DCR 
	How can water penetrate into a CO2 system?�

