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Anti – HFC campaign 2000
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Other development

No HFC cooling system in 2008 Beijing 
Olympic games
Coca-cola, McDonald’s, Unilever Ice 
Cream to phase out HFCs
Use propane, CO2
Use of HFCs will be extended maximum 
to 2014. 
After that, no HFCs



Dongsoo Jung and Yoonsik Ham, Dongsoo Jung and Yoonsik Ham, Seoul, KoreaSeoul, Korea

7

Hydrocarbons

Natural refrigerants
Zero ODP, very low GWP(<3)
Flammable
Excellent material compatibility
High energy efficiency
Low charge
Can be mixed with other fluids to meet 
various needs: “drop-in replacement”
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HFC152a

Zero ODP
GWP=140(122)
Flammable
Good material compatibility
Relatively high energy efficiency
Can be mixed with other fluids to meet 
various needs
Low capacity!
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DME(RE170)

Zero ODP
Very low GWP(<3-5)
Flammable
Excellent material compatibility
High energy efficiency
Low charge
Can be mixed with other fluids to meet 
various needs
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Objective

Examine thermodynamic performance of 
long term, environmentally friendly 
refrigerants for MACs
5 azeotropic/near azeotropic refrigerant 
blends
Zero ODP
Low GWP of less than 50 
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Bench tester(1)

Nominal capacity of 4.0kW
Double tube commercial pipes for 
evaporator and condenser
Heat transfer fluids(HTFs): Water 

Evaporator and condenser
Swash plate type compressor for 
Hyundai Sonata model
40 temps., 4 pressures, mass flow rates 
etc.  
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Bench tester(2)
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Bench tester(3)
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Compressor
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Test conditions

Heat Transfer Fluids(HTFs) temperatures are 
fixed.
Normally evaporation and condensation 
temperatures are 7� and 45�
Average capacity of 4.0kW
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Test fluids

Total of 7 fluids
R12(mineral oil)
R134a(PAG oil)
5 mixtures(mineral oil)
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Why mixtures?

Pure fluids are limited.
If possible, drop-in fluids are needed.

Mixtures can
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Test fluids
Ref. No. Refrigerant GTD

(�)
GWP

1 R12 0 8500

2 R134a 0 1300

3 R429A
(60%DME/10%R152a/
30%R600a)

0.44 14

5 Mixture 1 
(71%DME/29%R152a)

0.14 <43

7 Mixture 3
(80%DME/20%R600a)

0
(AZ)

<3

4 R430A
(76%R152a/24%R600a)

0.10 107

6 Mixture 2 
(80%DME/20%R152a)

0.17 <31

Temperature glide (GTD): less than 0.5 �
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R152a/R600a
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DME/R600a
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Test results
Ref. No. Refrigerant COP Qe

(W)
Tdis.
(�)

Charge
(g)

GTD
(�)

GWP

1 R12 2.07 3730 92.4 1300 0 8500

2 R134a 1.95 3575 79.3 1000 0 1300

3 R429A
(60%DME/10%R152a/
30%R600a)

2.43 3917 85.2 700 0.44 14

5 Mixture 1 
(71%DME/29%R152a)

2.40 3991 95.7 670 0.14 <43

7 Mixture 3
(80%DME/20%R600a)

2.50 4095 87.3 600 0
(AZ)

<3

4 R430A
(76%R152a/24%R600a)

2.18 4050 89.2 730 0.10 107

6 Mixture 2 
(80%DME/20%R152a)

2.44 4000 94.0 670 0.17 <31

Temperature glide (GTD): less than 0.5 �
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Capacity

All refrigerants 
except R134a 
showed increase in 
capacity up to 10%.
R134a showed 4.2% 
decrease.
Mixture 3 showed 
the highest capacity.
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Work

Except R134a and 
R430A, all  refrigerants 
showed decrease in 
work up to 10.4%.

R429A showed the 
lowest work.
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COP

COPs of alternative 
mixtures are up to 
20.5% higher than 
that of CFC12. 

All fluids tested can 
be alternatives to 
HFC134a from the 
standpoint of energy 
efficiency.
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Comp. discharge temp.

All alternative
mixtures showed 
similar or lower 
discharge temps. 
than R12.

R134a had the lowest 
discharge 
temperature.
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Charge

All alternative
mixtures showed 
significant decrease 
in charge of up to 
54%.
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Flammability of HCs

Yes, they are flammable.
They must be handled carefully.
Practically, fuel, additives, lubricants in 
automobile engine are flammable.
Hair spray, deodorant, and most aerosol 
products are flammable.
Therefore, they all have to be transported, 
handled, installed using safe practices.  
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Flammability issue

US Arthur D. Little company estimated the 
risk of an ignited refrigerant leak in the 
passenger compartment of an automobile 
to be 3 in 10 million. 
Proposed blends are even better than 
R152a in terms of COP, capacity, dis. temp., 
charge, much lower GWP.
Why not having a secondary loop as with 
R152a?
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Half million LPG Vehicles
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Hydrocarbon use

Active use for domestic refrigerators in EU, 
Japan, Korea, India, China 
More than 5 million automobile air-conditioner 
conversion in north America
Active conversions in Australia, New Zealand
Popular chiller conversions in Indonesia, 
Middle East countries for energy saving
This trend will continue globally due to the 
mandate of HFC phase-out.
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Conclusions

Binary or ternary mixtures composed of 
DME, isobutane, and R152a have very 
good thermodynamic performance as 
compared to R134a.
Two have ASHRAE numbers(R429A, 430A). 
ASHRAE number applications are being 
made for other 3 blends.  
Long term, environmentally friendly 
solutions with proper safety measures
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Thanks!

Dongsoo Jung
dsjung@inha.ac.kr
MK Chemical, Seoul, Korea
www.mkchemical.co.kr


