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Introduction

General safety requirements for flammable refrigerants, well known

=  Specifics detailed in various safety standards

= General concepts in regulations (e.g., ATEX, etc.)

Most prominent aspects are avoiding ignition sources and charge limits

=  Charge limits principally intended to avoid flammable mixtures surrounding equipment
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Introduction

Need to ensure a leak cannot be ignited by external ignition source, for example:
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Charge limits

For RACHP systems indoors, leaked charge means mixture spread across room floor

=  Under some conditions, mixture can be flammable

= Local ignition sources (plug switches, candles, cookers, etc.) could ignite the mixture
So charge should be limited
Several approaches:

Mpmarx = 0.2XLFLXV,,,, < EN 378 —to be discarded
Mgy = 2.5XAXLFLY?5% . [A,., +—EN 378, IEC -40 — flawed

Mpmax = 0.5XLFLXh, ., XA,,, <—Draft EN 378, IEC -40 — airflow

Mgy = FXLFLXh*XA,,, +—Draft EN 378, IEC -40, -89 — ETRS

Mopax = FXLFLXh, XAy, < |IEC -40 — floor unit airflow




Options for controlling surrounding concentration

Approach | Dewis safety standards

EN 378, IEC 60335-2-40, IEC
60335-2-89, I1SO 5149

EN 378, IEC 60335-2-40, IEC
60335-2-89, I1SO 5149

Limit charge amount Basic charge size formula

System height Higher above floor helps dilute leak

Use shut-off valves to prevent some

: Draft EN 378, draft IEC 60335-2-40
refrigerant release

Limit releasable charge

.. Improved tightness systems, implying EN 378, IEC 60335-2-40, IEC
Limit leak mass flow smaller hole sizes 60335-2-89
Enclosure/housing design Construction features help pre-mix release Draft EN 378

Draft EN 378, IEC 60335-2-40, IEC

Airflow Airflow in room helps dilute leak 60335-2-89

Surrounding conc test Measure surroundings to prove no LFL Draft EN 378, IEC 60335-2-89



System height

300 g release from unit at incremental 50 LFL
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Limit releasable charge

Can consider “static” or “active” cases
= Active case uses sensors to detect leak and close valves to prevent further release

= Example of large split AC
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Limit leak mass flow

Smaller leak mass flow results in lower floor
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Limit leak mass flow

For EU LIFE FRONT project, 60%
analysed 1000+ leak holes
fromm RACHP systems

= >98% smaller than 0.5 mm?
or 70 g/min of R290

= All holes>1 mm? (150 g/min
R290) were due to

technician/human
Due to external intervention
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Enclosure/housing design

Investigated effect of different enclosure/housing
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Enclosure/housing design

. L A
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Airflow

New semi-empirical formula to
determine minimum airflow,

ensuring entire room is well-mixed
= A, isairdischarge outlet area, M4
is assumed leak rate, h, is unit height

and F is concentration factor; 0.5 for
HCs and 0.75 for A2Ls
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Airflow

Leak Airflow initiated
Should avoid fan operating starts V.| Layer Leak
dispersed stops

continuously, just in case of a leak

Concentratic

0.04

within 15 |

=  Sensor detects leak, controller starts fan - seconds
=  Found Vo’mm effectively disperses 0,02 |
stratified layer within 15 s of starting 001 -

0.00

17:25:44 17:26:01 17:26:18 17:26:36 17:26:53 17:27:10 17:27:27 17:27:45 17:28:02

8 kW wall unit at 1 m, 500g R290, 90 g/min, 1260 m3/h




Surrounding concentration test

Use test to measure floor concentration surrounding the
RACHP equipment — pass if conc < LFL

Lots of mitigation measures discussed above

All or any can be integrated into RACHP equipment and treated as

“black box”

Just prove that floor concentration remains below LFL in event of a

leak, in any operating mode

Offers freedom to manufacturers to enhance design of unit

Gas sensors

o
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Final remarks

Avoiding high concentrations of flammable refrigerant beyond RACHP systems is principal
safety consideration

= Primarily addressed through limits on charge amount

Can be achieved through one or more approaches

= Limit system charge

Limit releasable charge
Height of RACHP system
Improve system tightness
» Guarantee minimum airflow R290
» Good enclosure/housing design

Can prove effectiveness through surrounding concentration leak sim test
With more safety concepts, application of HC can expand throughout “sensible” end uses
Seems a little “complicated”, but soon becomes second nature! Everyone will have to know!
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