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Part 2: Thermotar product development
Overview of refrigerant choices

Rooftop Ducted split
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Model number EPAC-036- EPAC-048- EPAC-060- CV036- Cv04s- CV060-
Nominal capacity 10.5 kW 14 kW 17.5 kW 10.5 kW 14 kW 17.5 kW

R22 charge 1300 kg 1775 kg 2210 kg 1360 kg 1815 kg 2265 kg




Part 2: Thermotar product development
Approach for safe product

Safety
standards




Part 2: Thermotar product development
Development sequence

Analysis of baseline Charge reduction & Zoning (leak simulation
model (with R290) performance optimising tests)

Leak control and safety Leak tightness Addres:ﬂng :sources of
system ignition

Compliance with safety

Risk assessment
standard(s) I

Field trials User guidance
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Charge reduction

Rooftop Ducted split
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R22 charge 1300 g 1775 g 2210 g 1360 g
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R290 charge 590 ¢ 800 g 1000 g 610 g




Part 2: Thermotar product development
Evaluating leak amount and control

Mass flux

System operation Condition Released mass [g] [g/min/mm2]

Low side Highside Low side High side

C , LP switch
State W= - pressor on Leak ompron, L SWite 540 990 50 220
on(i) v initiated off
. T’statcold ) Compr on, LP switch £40 990 15 220
sV ;Oses ) off, LLSV closes
J/
,,,,,,,,,, v Compr off, LLSV
: \ 420 570 40 100
,,,,, LPS"gtChes,x closed, poor NRV
State Leak Compr off, LLSV
of (i) COmP”‘fSOr off initiated closed, tight NRV 330 660 45 100
[ Tstat
° avwaml ) Following pump-down 100 890 15 100
\ SV opens )
State v Leak Compr off 990 990 40 100
on(ii) ‘ Compressor on ‘ continuing
Compr oil de-gassing 20 20 0.5 0.5

—=Liquid line —Li

-100




Part 2: Thermotar product development

Zoning

Rooftop

Ducted split

Characterise

Releasable mass and Extent of flammable
leak rate zone

For locations

. Inside  Around Beyond Beyond
Inside
AHU cond cond supply return
unit unit duct duct

Implement mitigations

Minimum  Shut off Min Min room/
airflow valves heights  area size




Part 2: Thermotar product development
Zoning

Concentration [kg/m3]
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Zoning

4 < Packaged
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Thermotar product development

Zoning

Part 2

Closed off return duct
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Local concentration [g/m3]

Part 2: Thermotar product development
Zoning
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Part 2: Thermotar product development
sources of ignition
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Part 2: Thermotar product development
Risk assessment

Risk
Lower analysis
risk

Uncertainty =—=increasing knowledge=
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Part 2: Thermotar product development
Risk assessment

Ignition location Ignition frequency (y?) Max consequences
Rooftop Ducted split TI (s(kW/m?2)4/3) OP (kPa)
Within/by condensin
/:'mit & 1.1E-15 1.1E-15 30 1.1 (DS), 1.2 (RT)
Cond install area 5.8E-06 5.8E-06 60 n/a
14.0 (DS), 17.8
Inside/by AHU 3.4E-16 3.4E-16 30 ((RT))
Occupied space (return
pied space ( 1.5E-07 1.7E-07 200 4.1
duct)
Occupied space (suppl
pied space (supply 1.5E-07 0.0E+00 10 0.4
duct)
Inside ducting 4.9E-11 0.0E+00 20 4.5
oo | | | _ 7
PRE”MINARY R — @
ULTS e — yh—_
R ES Fridge/freczer [ \ o= = . = = = = =
Tumble dryer 1 ITI m ITI m ITI IS5 ITI m
v o o o o o o o o
Washing machine ©o 0 ~ o v & had g

0.0E+00 5.0E-05 1.0E-04 1.5E-04
Frequency of fire [y-1]



Part 2: Thermotar product development
Compliance with safety standards

NTC 6228: Sistemas de
refrigeracion y bombas

de calor.
Requerimientos de e oo
seguridad y o

medioambientales.

PROVECTO DE
33 3 NORMA TECNICA COLOMBIANA _ NTC 62281 D€ 09016
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EN 378: Refrigerating
systems and
heat pumps. Safety and
environmental
requirements

Read manual
or handbook
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Part 2: Thermotar product development
Summarising remarks

Followed conventional sequence of steps for addressing
flammability hazard in safe design

Extensive testing and evaluation
— Releasable refrigerant quantity
— Concentration development following a leak
— Effectiveness of mitigation measures

Appraised through flammability QRA

— Utilised as much experimental and empirical/field data as possible
Applied safety standards
Products considered to be “safe”
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