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Propane is seen as a expecting next-generation refrigerant because of its low GWP value and relatively good
refrigeration performance. On the other hand, since it is a higher flammable refrigerant, careful and sufficient
consideration is required when handling it. By adopting microchannel heat exchanger, we have achieved a reduction the
inner volume of the air heat exchanger approximately 62%, the refrigerant charge amount has been reduced by 17% as

conventional fin-and-tube heat exchangers.
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1. Introduction

As the issue of global warming intensifies in modern
society, initiatives targeting carbon neutrality are being
promoted worldwide. In Europe, which is considered
an environmentally advanced region, the shift in
heating from the combustion of fossil fuels to heat
pumps is accelerating, and there is also a movement
towards regulating global warming potential (GWP)
values.

A quick look back at refrigerant history reveals that
natural refrigerants, such as R290 (propane), R744
(CO2), and R717 (ammonia), were used as early
refrigerants prior to the 1930s. However, safety
concerns, including  flammability, refrigerant
performance, and toxicity, led to a decline in their use
in favor of fluorocarbon refrigerants, such as HCFCs,
which are more chemically and thermally stable. Later,
concerns for ozone layer depletion and global warming
prompted a shift from HCFC to HFC refrigerants.
Recognizing global warming as a major issue, attention
has reverted back to natural refrigerants. Among these,
R290 (propane) is considered the most expecting as a
next-generation refrigerant because of its low GWP and
relatively good refrigerant performance among natural
refrigerants. [

In light of this, we launched “Altherma 4 H” (Fig. 1),
a heat pump type space and water heater using R290
(propane), in Europe in March 2025. Because R290
(propose) is a flammable

higher refrigerant,

maintaining its safe use is extremely important.
Accordingly, risk assessments were conducted at each
life stage, and safety measures were implemented
based on the results. While safety measures are
necessary in the event of refrigerant leakage,
decreasing the amount of refrigerant charged into the
product is even more important in mitigating risk.

This paper describes the development of air to water
heat pump for Europe using R290 refrigerant, and
mainly introduces efforts to reduce the amount of

refrigerant used.

Configuration of Air to Water Heat
Pump (Altherma 4 H)

Fig. 1



2. Characteristics of the R290 refrigerant

Table 1 compares the higher flammable refrigerant
R290 with the lower flammable refrigerant R32, which
is currently mainstream. Because the ignition energy of
R290 is about 1/100 of that of R32, an ignition risk
exists even from an static electricity spark, a common
occurrence in winter. 11

Table 1 Comparison of flammability between
R290 and R32

Refrigerant| 1SO | Ignition |Combustion|Burning
817 | Energy Energy rate
Class (mJ) (MJ/kg) | (cm/s)
R290 A3 0.23 46 46
R32 A2L 29 8.5 6.7
Similarly, when comparing refrigerant

characteristics, R290 has a lower gas density than R32,
as shown in Fig. 2. This raises the issue of needing
greater compressor piston volume. Also, because R290
is a refrigerant operating under lower pressure than R32,
it is necessary to design the air heat exchanger, which
acts as an evaporator, to minimize pressure drop,
especially during heating operation.
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Fig.2 Saturated gas density of R32 and R290

However, R290 has the advantage of being able to
achieve a high condensation temperature at a lower
pressure than R32, it has the advantage of being able to
easily produce hot water at high temperatures. Fig. 3
shows a comparison of the maximum outlet water
temperature during the heating operation according to
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ambient temperature for products using R290 and R32.
In R32 model, our flagship model has a design pressure
increased to 5.6MPa, achieving an outlet water
temperature of 70°C when the outside air temperature
is -15°C. On the other hand, The R290 model achieves
an outlet temperature of 75°C when the ambient
temperature is -15°C, despite its design pressure of 3.2
MPa.

——R32 model

Maximum outlet water temperature[°C]

—R290 model
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Ambient temperature[°C]

Fig. 3 Operating range in heating operation

3. Technology and Features of Developed Product
3.1 Reduction of refrigerant amount technology
(Microchannel Heat Exchanger)

Fig. 4 shows a comparison of a microchannel heat
exchanger installed to the product and a conventional
fin-and-tube heat exchanger. The microchannel heat
exchanger uses flat multi-hole tubes designed with
numerous small-diameter flow paths measuring less
than 1 mm in diameter. 2% The flat tubes reduce
airflow resistance caused by the heat transfer tubes to
enable high tube density. This substantially increases
the surface area on the refrigerant side compared to
conventional heat exchangers and improves heat
exchange efficiency. Furthermore, the small-diameter
flow paths reduce inner volume, making it possible to
reduce the amount of refrigerant used.



(a) Microchannel HX (MCHX)

e

(b) Fin-and-tube HX

Fig. 4 Comparisons of heat exchanger structures

[Distribution Technology for Thin, Multi-Hole
Tubes]

In order to maximize the refrigerant-saving benefits
of microchannel heat exchangers, it is important to
design more thinner flat multi-hole tubes. However, the
small refrigerant flow path increases refrigerant
pressure loss, which can lead to performance
degradation. For this reason, a refrigerant distribution
technology was needed to optimize the refrigerant flow
rate distributed per flat tube. (4

While refrigerant distribution using headers is a
commonly used technology, distributing refrigerant to
a large number of flat, multi-hole tubes using vertically
arranged headers can easily cause uneven distribution
of liquid refrigerant due to the effects of gravity. To
achieve even distribution across a wide range of
operating modes is particularly difficult in inverter-
controlled products. Fig.5 shows a header structure that
solves these issues. Consisting of multiple stacked
plates, the intermediate plate shown on the right side of
the figure forms a space for circulating the refrigerant
sprayed upward from the nozzle at the bottom. By
optimizing the size of this space, well mixed gas and
liquid refrigerant circulate from rated to minimum
operating conditions, achieving good distribution to

each multi-hole pipe without being affected by gravity.
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Fig. 5 Header structure

[Challenges Related to Heat Pump Installation]
As shown in Fig. 6, the microchannel heat exchangers
that we have been using in our company until now have
a structure in which perforated tubes are inserted into
the fin notches. The flat tubes are exposed on the
upstream side, whereas the continuous fin parts are
located on the downstream side. This allows drainage
water generated during the heating operation to be
drained through the continuous fin part. However,
because the flat tubes become cold and are exposed on
the upstream side, early stage frost formation had been
an issue during operation under low ambient air

temperatures.
Airflow direction  Start point for frosting (Tube)
/ an==| .
Continuous
fin part
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Fig.6 Conventional Microchannel heat exchanger

Fig. 7 shows the structure of the microchannel heat
exchanger installed to this product. Inserting fins from
both sides of a single flat tube resulted in continuous



fin parts on both the upstream and downstream sides.
Covering the flat tubes, which have the lowest
temperature during the evaporative operation, with the
fins makes it possible to position the fin edge as the
starting point for frost formation. Fig. 8 shows the
analysis results of the fin surface temperature
distribution. The surface temperature of the fin edge is
optimized by providing a continuous fin part on the
upstream side and facilitates a delay in frost formation
by more than 120% compared to conventional
microchannel heat exchangers.

Start point for frosting (Fin edge)
Continuous fin part
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Fig.7 Developed microchannel heat exchanger
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Fig. 8 Temperature distribution for developed fin

Even at low ambient temperatures, heating and hot
water supply products must prevent performance
degradation due to frost formation and the interruption
of heating operation due to defrosting. For this reason,
the fin shape and fin pitch were further optimized to
achieve low-temperature operating performance
equivalent to that of conventional fin-and-tube heat
exchangers.

By adopting these technologies, we have achieved a

reduction the inner volume of the air heat exchanger
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approximately 62%, while maintaining the same
heating capacity as conventional fin-and-tube heat
exchangers. Furthermore, the refrigerant charge
amount has been reduced by 17% in the case of the

14kW class Altherma 4 H.

3.2 Safety Measures

Some of the safety measures installed in the newly
developed Altherma 4 H are shown in Fig. 9. This
product uses a water piping system that connects the
indoor and outdoor units. Unless the water heat
exchanger is damaged, refrigerant is prevented from
reaching indoors. However, there is concern that a
serious accident could occur if the water heat
exchanger were to be damaged and refrigerant were to
leak indoors through the water piping. For this reason,
a gas separator has been installed at the outlet of the
water heat exchanger. In the event of damage to the
water heat exchanger, refrigerant that flows into the
water circuit is separated without being circulated and
is discharged from the outdoor unit, preventing
refrigerant from leaking indoors.

In addition, even in the event of a refrigerant leak
from the outdoor unit, the electrical components box
housing the control board, which could become an
ignition source, has an airtight structure to prevent
refrigerant from reaching the ignition source.

Electrical components box

Microchannel heat exchanger
(Air/refrigerant)

Gas Separator

Plate heat exchanger
(water/refrigerant)

Fig.9 Outdoor unit safety measures



4. Conclusion

We developed the "Altherma 4 H," air to water heat
pump for Europe using R290 refrigerant, and obtained
the following results.

- Measures were implemented to to ensure the safe
use of R290.

- A microchannel heat exchanger was adopted to
reduce the amount of refrigerant required,
achieving a 62% reduction in the inner volume of
the air heat exchanger and the refrigerant charge
amount has been reduced by 17% compared to the
past.

- By taking advantage of the characteristics of R290,
which has a higher condensation temperature at
lower pressure than R32, we achieved an outlet
temperature of 75°C when the ambient temperature
is -15°C.

In the future, we will continue to work on
technological development that will contribute to the
promotion of a heat pump type heating and hot water
supply products.
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Propane is seen as a promising next-generation refrigerant because of its low GWP value and relatively good
refrigeration performance. On the other hand, since it is a higher flammable refrigerant, careful and sufficient
consideration is required when handling it. By adopting microchannel heat exchanger, we have achieved a reduction the
inner volume of the air heat exchanger approximately 62%, the refrigerant charge amount has been reduced by 17% as

conventional fin-and-tube heat exchangers.
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Configuration of Air to Water Heat
Pump (Altherma 4 H)

Fig.1

2. R290 B0
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Table.1 Comparison of flammability

between R290 and R32
Refrigerant| 1SO | Ignition |Combustion| Burning
817 | Energy Energy rate
Class| (mJ) (MJ/kg) | (cmi/s)
R290 A3 | 0.23 46 46
R32 A2L 29 8.5 6.7
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Fig.2 Saturated gas density of R32 and R290
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Fig.3 Operating range in heating operation



3. FARMOEINEHE

3. 1. AWEEN (A 7 v F ¥ FOVEZHER)
Fig.4 |[IAMSICHE LT~ A 7 0T v xVEAL
@“&%%@74V&%:~7%§ﬁ“®%@
TR, ATy FOVEHERIZIE, 1 Y
DU ORI 2 2500 L 72 W :Pg?'ﬁ ZEH
L7z, [2L[8] P 1%, mEVE ICEE R 3 % aUE

EMADNDIZD, BEORERILATEEL 2V

PER DEAZ AR K0 b BRI D 3R R 2 7
HNZHER TE |, BB R O LXK D, &6
(2, MBS IZ L 0 ARSI L . o f
EAHIT D Z ENATREE 72 D,

Less than 1mm
(a) Microchannel HX (MCHX)

(b) Fin-and-tube HX

Fig. 4 Comparisons of heat exchanger structures

(R 2 O A FEBL 2 IR0 TR AT )

BB R ZEmD DT, REE 2 EREHT
HTENEETHD, 72120, WEOMEILIX
WD E BRI OWERIZE 2 MERIK T2 M < 72

FRE 1 R T 0 IR T 2 i & % i
b7 2 Bl N B L 72 D, [4]

Ny AR DS EITA S b TWDE
WiCdh D0, MEFINEE LT~y X TELHED
T ICOET AICITE ORI L VK
WL Y BE TG, FFITA >/ N—& THESIA]
BT D8 TIIAVEIRE— R CRAF R DB %
FHTDHZEREH L, Figh IZZb0EE
R UTe~y X2 nd, g S Eigo
L— F TS TR Y, T oL R H
TL— kB, TEO 7 A bRE B miE
PEER SH D EMEZK L T D, ZOZEMEIRE

JRAIA INTERNATIONAL SYMPOSIUM 2025
Copyright © JRAIA

ik L. E*%?bl%%d\ﬁiﬁ@“lf%%i%ﬁﬁ%%
PEERSEDZETHITRAE L, EHRELZHEL
T Eﬁi‘ﬁé‘ﬁﬁﬁﬂ%%%ﬁu Lf:o

£

=

a,#d

,D

Circulated by

\

*l Pressure difference

Fig.5 Header structure

[b— FRY T~ OFRE]

Fig.6 2R d X oic, ThECTUHEBRRA L~
A7 aF X RVBRZHEL, 7 4 UIKEICZ R
BEMATIHEZRA L 0D, J AT R
(/N7 Mwaéﬁ JECNT 7 ¢ o 3B 2 A
&3 DS . BREERRCEAET D N v
KT 4 v HE ﬁB#%TJIﬁkL’Cb\é LU
5. B FANAKIE S 2 5 RPEENEHL TV DT
D ARSI KOERERF I RN AT T 5 2 L SRS T
HoTz,

Airflow direction Start point for frosting (Tube)

Continuous
o fin part

/

R |

Fig.6 Conventional Microchannel heat exchanger
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Fig.9 Outdoor unit safety measures
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