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Abstract R-404A, which is used widely in small-scale ice makers, is scheduled to be phased out because of its high
global warming potential. In this study, drop-in tests were conducted using R-448A and R-449A, which replace
R-404A, to modify the outdoor air and supply water temperatures. The results showed that the daily ice production
rate of R-404A was 5.3% higher than that of R-448A and 4.2% higher than that of R-449A. This was attributed to
the larger vapor density of R-404A, which resulted in a larger mass flow rate in the system. Between R-448A and
R-449A, R-448A yielded a larger amount of ice at low air and water temperatures, whereas R-449A yielded a larger
amount of ice at high air and water temperatures. The daily power consumption of R-404A was approximately 10%
larger than those of R-448A and R-449A. The resulting COPs of R-448A and R-449A was similar, only 3.0% larger
than that of R-404A. The literature survey showed that the condensation or evaporation data of R-448A or R-449A
are very limited, and research on this issue is recommended.
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Table 1. Properties of R-404A, R-448A, R-449A

Table 2. Test conditions of the ice maker

Properties* R404A R448A R449A
P, (MPa) 0.610 0.639 0.632
p, (m'kg) 30.3 22.1 2.4
p, (m'/kg) 1150 1192 1198
hy, (KI/kg) 164 217 211
€ (KI/kgK) 1.00 0.98 0.98
Cp(K/kgK) 1.39 1.42 1.42
(W Pas) 11.00 11.42 11.29
w(uPas) 179.7 188.4 190.5
k., (mW/mK) 12.82 12.01 12.03
Ky (mW/mK) 73.15 92.41 91.83
Temp. glide (K) 0.51 4.73 4.51
*At 0°C temperature
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Case Outdoor temp. (°C) Water temp. (°C)
1 21 10

2 10 10

3 38 10

4 27 21

5 32 21

6 38 21
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Table 3. Specification of major components

Parts Specification
Compressor NEK6181GK(Embraco), 1/2 HP
Evaporator Ice cup size: 25 mm x 25 mm x 30 mm, 126 ea.
P Eva. tube: 9.0 mm O.D,
Exp. valve TEV 068U2095(Danfoss), 1.0 kW
420 mm x 218 mm, 10 step,
Condenser

wave fin, 4 row, 1.5 mm fin pitch, 7.0 mm tube
O.D.

Table 4. Optimum refrigerant charge and expansion
valve opening for different outdoor/water

temperatures
Ttem R404A R448A R449A
Charge 400 g 440 g 440 g
Valve opening 1 turn 1.5 turn 1 turn

Table 5. Test results at 21°C outdoor and 10°C water

temperature
Item R404A R448A R449A
Ice making time 17717 17°45” 17°50”
Ice detachment time 1’337 1’337 1’317
Cycle time 18°34” 19°18” 197217
Amount of ice per cycle 1.165 1191 1.178
(kg)

Am"“mafgf/é;‘;)f’e‘ day 903 88.9 87.7
Low pressure (bar) 2.18 1.69 1.75
High pressure (bar) 13.4 12.6 12.6

Comp. out temp. (°C) 64.8 67.7 65.6

Cond. out temp. (°C) 29.5 26.0 26.6
Eva. in temp. (°C) -18.5 -22.5 21.4
Eva. out temp (°C) -15.9 -15.7 -16.3
Comp. in temp. (°C) 12.8 10.7 8.6
Water temp. (°C) 10.2 9.8 10.0

Power consump. (kW) 0.44 0.36 0.39

Power conﬁump. per day 11.58 10.49 10.52

Ccop 0.817 0.887 0.873
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Fig. 4. Refrigeration cycles of the ice maker for R-404A,
R-448A and R-449A

Ni
)
rr

+0

—

g 2 YERITE Table 55 R R-404A
}7] P 2= R-448A9F R-449AH T}
7] F s AR BelE o] ¢
AbolE Adell & Apol= flo] Btk 18

J5oll Zpol7} Uiz o5 Zol B
A&l R-404AE  R-448A%F
9A°l Hlste] 7]A UEE tha xS Ady)
e Atk 71A G aW e 3ol St
sEo] S7kgth o] Frhe] |
| w& Wzhse ARt 74 R-404A°]
R-448A%} R-449AR T} TR FA vepd
At

O

A

)
:i
oy
e,

N
e

2
%
i)
oo

=~

o &2 @ o o

B

it A

oX, fd

>

>

O)«

of

Pk
o
o

=
2R e (2

=

2
!
K
;

N
I~
r

ol
-

L
o o HT &

u

g

J

2

g
N
o }_; :

24
r_t;:_l‘
o

ol
J

)

C- 5

25

Table 59| ZelA 7 WA Hell= A7 A=
o i LHAE S YERIh &F] dEe] S48
=+ 10 W o|th R-448AL} R-449A H.UF R-404A 91| A
o2 10% A YeRE o= R-404A9] Wl =3k
o] R-448AL} R-449A R} F7] wj&o]t}, Table 5] v}
I Aell= A7 JAAS (COP)E HERATE
HATE 10°C Eo] 0°C o2 Walsh=d 243t
S A7) &M HE o R bro] FHETh Table 5+
R-448A%} R-449A 2] A& A4=7} R-404ARTE 7%~9%
5 Btk AT 34 eAkE 2% oll®E U
el A7) WES Aelshd oA Weiel R-448A%F
R-449A9] A|W52S R-404ART} 2%~3% H-Eah}
AHAGTE 1%9% F< & F e o= 71E A+
ZH11,12]9F A8k Aol

Fig. 59 97| &L8} 3w 258 Hghr
gk o Fi AL S YRS o7]A x-F9]
A AR 9f7] &g, T HAl Al B
ek AYHE 9] 257} TESE, &
s ashs B 97] 257} Sk

Il wpeEbA] Wl 3ol 7hAaA
4 = 227t Sotetd
Ja3t digo] T8l =
AasA et

Fig. 55 R-404A9 o H AW eko] R-448A9}
R-449A0] vlgte]l F-& Holed 674 & 7oA
o] AWEFE Hst S vlastH R-448ANTHE
5.3%, R-449AHTH= 4.2% =T} R-448A%}F R-449A S
H)ashd A o] 70 kg/day o] 4ol R-448A2] A5
o] 9-53}aL 70 kg/day ©]slol R-449A°] AJFo] -
St} &, 972y B 2127} vrol A k] wow
R-448A7Y, 9]7] L& & 2&7) =0 R-449A7} -
53k 458 HolEd 1 o4& Feksly] YsiAE
T 712 A7 s ook 3 Ao
Aqe HE5e Aol
S vERITE 6714
S v wEHR-404A9] O Ht

X
N
K

PN
T

o K1 no

N
-

M olN

6.5% =Lt} ©]F& R-404A°] Wl &3hako] A7) wjio]
T} R-448A 9} R-449AE 1131 R-449A9] AH] ¥
2Fo] R-448A9] Rtk 1.6% =Lt} Fig. 70l A A
Z Jehgik. 6714 &% 27loA] Hirsk ke vl



AR 4T = EA A208 ALE, 2019

SIHR-448A9F R-449A9] 3+ #h& Y3kl R-404A
o] ZHRT= 3.0% =t} R-448A%F R-449A S W] ulahH
Q7] LR} B 257} vro R-448A9] A50] 53
a1 22 dhfjo] i R-449A9] AdFo] -3t} o= Fig. 5
o A} S Aok
100
20 I R-404A
I R-448A I
[ 1R-449A
= 80 R
B
(®)]
< 70 ]
E g
50 i
40 00 2110 38110 2721 3212 38121
Outdoor/Water temp. (°C)
Fig. 5. Daily ice production for different outdoor/water

Power consump. per day (kWh)

Fig.

COP

Fig.

temperatures

20
B R-404A

16l EER-448A |
[ IR-449A

-

‘BBl

8 H
4 U
0

2110 38/10  27/21  32/21  38/21
Outdoor/Water temp. (

10/10

6. Daily power consumption for dlfferent outdoor/
water temperatures

12
I R-404A
0.9 [ R-448A g
[ 1R-449A
0.6 E
0.3
0.0
10/10 21110 38/10  27/21 3221  38/21

Outdoor/Water temp. (°C)
7. COP for different outdoor/water temperatures

26

2] R-448A 9} R-449A0] t3ke] drop-in testS

A7k S 7 2

(2]

(31

(4]

(5]

(6]

4. BAE

2 AT E A A E5HE R404A ThA 3o
St

L= H]—

E =

22 o3 Ak

(1) R-404A°] A it AW R-448A HO=
5.3%, R-449AKT}= 42% =T} o] R-404A
o 71A "7 AX Wl £8kgo] FUkeh] o

AL 97| e} FHkgo| FgyEE

Lo yehdnt

(2) R-448A%}F R-449A 9] AW ekS Wlwald 9]7]
Eu & S5t ol Al o] o R-448A7,
9] LxU & 2%7F E oW R-449A7F -5
s Bt

(3) ¥ i AH] AHEHEFS R-448AL} R-449A K T}

R-404A°14 tHeF 10% =LA ekt

R-404A9] Wu| &8kego] A7) wjolt)
(@) BAAT] 749 R-448A8F R-449AE A9] 54

B} R-404A 9] ZHEThE 3.0% =7 Ve

ol&=

(5) TF R-448A, R-449A°] T, 35 Axdel of
g 7% 77 Bas Aoz wuhErh

References

[1] L. Mishchenko, B. Hatton, V. Bahadur, J. A. Taylor, T.

Krupenkin and J. Aizenberg, “Design of Ice-Free
Nano-structured Surfaces Based on Repulsion of Ice
Droplet,” ACS Nano, Vol. 4, pp. 7699-7007, 2010.

Z. Jin, Z. Wang, D. Sui and Z. Yang, “The Impact and
Freezing Process of a Water Droplet on Different
Inclined Cold Surfaces,” Int. J Heat Mass Trans., Vol.
97, pp. 211-213, 2016.

A. Feuillebois, A. Lasek, P. Creismeas, F. Pigeonneau
and A. Szaniawski, “Freezing of a Subcooled Liquid
Droplet,” J. Colloid. Sci., Vol. 169, pp. 90-102, 1995.

H. H. Sait, “Heat Transfer Analysis and Effects of
Feeding Tube Arrangement, Falling Film Behavior and
Backslpash on Ice Formation Around Horizontal Tube
Bundles,” Energy Conv. Manage., Vol. 73, pp. 317-328,
2013.

E.-H. Jung and K.-W. Park, “Ice Making Characteristics
According to Changing Shape of Ice Making Tube,”
Korean J. Air-Cond. Refrig., Vol. 21, No. 5, pp.
291-296, 2009.

H. Jannesari and N. Abdollahi, “Experimental and
Numerical Study of Thin Ring and Annular Fin Effects
on Improving the Ice Formation in Ice-on-Coil Thermal
Storage Systems,” Appl. Energy, Vol. 189, pp. 369-384,



23 A7)0 AFEEL= R-404A hA] R-448A, R—449A2] Drop—in Testo] thdt A

(7

(8]

[10]

[11]

[12]

[13]

[14]

[15]

2017.

A. Kulyakhtin, S. Kulyakhtin and S. Loset, “The Role of
the Ice Heat Conduction in the Ice Growth Caused by
Periodic Sea Spray,” Cold Regions Sci. Tech., Vol. 127,
pp. 93-108, 2016.

A. Mota-Babiloni, J. Navarro-Esbri, A. Barragan-
Cervera, F. Moles and B. Peris, “Theoretical Comparison
of Low GWP Alternatives for Different Refrigeration
Configurations Taking R-404A as Baseline,” Int. J.
Refrig., Vol. 44, pp. 81-90, 2014.

A. Sethi, G. Pottker and S. Y. Motta, “Experimental
Evaluation and Field Trial of Low Global Warming
Potential R-404A  Replacements for Commercial
Refrigeration,” Sci. Tech. Built. Environ., Vol. 22, No.
8, pp. 1175-1184, 2016.

X. Wang and K. Amrane, “AHRI Low Global Warming
Potential Alternative Refrigerants Evaluation Program
(Low-GWP AREP) - Summary of Phase 1 Testing
Results, 5™ Int. Refrigeration Air-Cond. Conf., Purdue,
USA, Paper 1554, 14-17 July, 2014.

A. Mota-Babiloni, J. Navarro-Esbri, B. Peris, F. Moles
and G. Verdu, “Experimental Evaluation of R-448A as
R-404A  Lower-GWP  Alternative in Refrigeration
Systems,” Energy Convers. Manag.,, Vol. 105, pp.
756-762, 2015.

P. Makhnatch, A. Mota-Babiloni, J. Rogstam and R.
Khodabandeh, ‘“Retrofit of Lower GWP Alternative
R-449A into an Existing R-404A Indirect Supermarket
Refrigeration System,” Int. J. Refrig., Vol. 76, pp.
184-192, 2017.

REFPROP, NIST Reference Fluid Thermodynamic and
Transport Properties Database (REFPROP): Version 9.1,
https://www.nist.gov/srd/refprop/.

B.-M. Lee, Development of a Low GWP Ice Maker,
Advanced Technology Center Assigned to Icetro Inc., 1%
Year Report, 2017.

ASHRAE Standard 29, Method of Testing Automatic Ice
Makers, ASHRAE, 2009.

0| ¥ 2(Byung-Moo Lee) [H3]3]

T3} (Fehuahy

01990\ 29 ~ 20149 1¥ : 4+
Azp =5

oA : (F)oPO|RER TEAT
455

01988y 8¢ : 3= Ely|Ed VA

o

[a

27

rio

Z i §(Nae-Hyun Kim) [H3]3]
©1989'd 129 : Penn. State University
Pennsylvania, PA, US.A (&8}
019949 39 ~ Al : At

7IAE S} ag



