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Optimization of the Refrigerant Charge and the Expansion Valve
Opening for the Soft Ice Cream Machine Using R-404A

Nae-Hyun Kim
Department of Mechanical Engineering, Incheon National University
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Abstract The improvements of living and lifestyle have led to the increased sales of frozen milk products, such as
soft ice cream or slush. These frozen milk products are commonly made in small refrigeration machines. R-502, which
has long been used as the refrigerant in soft ice cream machines, is being replaced with R-404A due to the ozone
layer depletion issue. In this study, an optimization and performance evaluation were conducted on a soft ice cream
machine with a freezer volume of 2.8 liters. The optimization focused on the appropriate refrigerant charge and
expansion valve opening. Under the optimized conditions, ice cream was produced in 10 minutes and 5 seconds, and
the COP was 0.57. The performance tests included ice cream sales with no interval, ice cream sales with 30 second
intervals and under extreme outdoor conditions. The results showed that 20 sales were possible with no interval, and
infinite sales could be made with 30 seconds intervals. Ice cream sales were also possible under summer or winter
outdoor conditions. The present results may be used for the design of food refrigeration machines as well as to
optimize other refrigeration cycles.

Keywords : Soft ice cream, R-404A, Optimization, Refrigeration cycle, Performance evaluation

.M 2 gl theh £ZE ofo) sy, FHAsh 2E A
$ 9F ARG 20 FFhL Arh) ofF WS
o
T

T 5ol =R AAE L3t ANH L ALaEol A2 28 W Al2EolA wHEofXitt Fig. 190 4

“Corresponding Author : Nae-Hyun Kim(Incheon National University)

Tel: +82-32-835-8420  email: knh0001@inu.ac.kr

Received May 2, 2016 Revised (1st May 13, 2016, 2nd May 23, 2016)
Accepted August 11, 2016 Published August 31, 2016

728



R—404AE ARME3lE=

AZE ofo|Aaay A|z7|9 Yol FHF

g e A= A3}

ZE ofo]2my Ax71e] AW Aol Ut gtk
Fig. 2015 % Apolo] vieh} gk W Aol
AZE ofo|~aYo| 1 72‘017(]“ Wy7t7) (freezer), of=
b E (TEV)E TAET 2
7] f-e] W) s o

L2 e g5 g
SHAl fFAshHE A2 AF W A" g AHEE
th[2]

Fig. 301 ¥7719] MEeg vepiisich 927e &
A YEow FYP RN T8 '«‘5}% Wolel] eJaf Sl A

{m

ofo] 2ol UP#OWE} ofo]~aE e of
= A 16%, i 12%, Trxl 12%, & 60%= 4%
THE[3] °f = = Aol W mudM de AR
Hght o] 45 7&@—8— o+ LH%— ol A #xehs 248
o9 (s craper)oﬂ el Aats|o] AZE ofo] iAol v
=o|th. Fig. 40l 23eo]u o] Apxlo] e glrk

TZE RILE ofo] AR AZ7]el st AR A
7k @ F S Hartel [3]& obol~ad H7HA7E A&
A A7l viAlE S ARSIl A7 el

10
ol

g
[e]

I

Lakhar 5 [4]2 23do]H e 3|4 &% 3w o9}
Wzt 9] 114 ol A Aol vAE s AE
sttt A £X7F SR o] AAEFE A
A 45E 718k Saraceno 5 [5] 9 2%, ~
Adeld e T5 W7 g APE a5t
I A AHs ARSI Martinez  [6]> W4
FWolA FAEE 48 FAd wel 23zl 114
S FAsHA 2o zN Ad A5S AL 5 3
S BTk Byun 5 [7]2 APS Fote] AXE
ofo]2AY A A AAGAGE Y] WzrIzt Fol

tha FThsle daol FAEY 1 ol$RE A

E ofo]xay Ax7|d= 13k g ghehA
$3 dEAS 7B R-5027F F2 AR O]
QFEZ Ty} st R-404AZ IAE I gl
R-229} CFCSl R-1159] ¥

ujj & g%%uMXH(ODP)ﬂ 0.32891 kA
R-404A= HFCS! R-125, R-143a, R-134a2] H] ZH] &

Fig. 1. Photo of the soft ice cream machine

|
/L Tev

Dryer

s Bl

Condenser Compressor

Freezer —

Fig. 2. Refrigeration cycle of the soft ice cream machine
shown with measurement points

ﬁ Refrigerant

Fig. 3. Schematic drawing of the freezer



F=AIS71E8 8] =2 A AlTd A8E, 2016

ghgmi = ODP7} “07olt}, & A7 L8 GWP)
I R-5027}F 459091 WHA R-404A% 39202 Uha e
f&t}[lo] Table 1°] thEH FE2E91 -20°Co} S5
w21 40°CellA F Wjo] =95 wlaLstdth[11] 7]
1 Psat% X8 25, g3t p, = WAk 1A B, by,
=AY o ¢, = AAS 7AW, 3t p,

1‘1194 AT, k3 ke A 7149 dA

ol
L% o= xWEolt) Table 1S F Wuje] E4o] =2

ol\ rlo

T

o o

A

il

olo
RN

y ro 1
i

ol

el B Ao R404Ao AIZE olo]Aad A
z7] 718 AAE5E 88 YE Al dis) =
A 9] A=, Wl FAFY HA3E YT

2. otoj233 M=7| ===t

712 AAE Fole] mEH ofo|~ad A7 AlY
& Table 29} ZTH[1] o] AlE-2] W47] 214228 g H o]
v} & A sk g Awel Wl S S Wk 7]

Ak 43 A g 79 F ofo] xR ] &
3 w7kA] RYH QUL ofo]~A- Y] AR E 27
glols 3 REle del= AR{7E 4.6 A7 HE AIHL
2 sttt W] dlellA etel~A7] Aol 718
ot} iﬂiﬂ] oly] REld] AP AFE S
vl RE AR 4.6 AT RS Fote] AAHAE=Y 2
o MH 7}*& ofo]~AA 7] 3

-4
rlo
o J’ﬂ
2
Hy

ol
ol
£

R U A TR
ol g
ol
o

7] ShET e ds) FREAT. 2es A

AUE £0.1 K)E &

< A4 1.0 mm ¥

(Setra Model 230, +£0.2% full scale)E F2}

Ak A= Fig. 20 e Utk Figs.
= EAQ A% YEh Uk

1o
g
A
o

1
Y

® oo 2

_IE
=
"
9#
2

ofl
o
i
o,

W
o
=2

730

Fig. 4. Photo of the scraper

Table 1. Thermophysical properties of R-404A and R-502

Tow = -20°C Taow = 40°C
Properties
R-502 R-404A R-502 R-404A
P (MPa)
P, (m3/kg) 0.288 0307 1.663 1.829
o, (mikg) 16.90 15.82 98.67 103.1
b Wi 1394 1221 1138 964.6
fg (RE 156.5 181.0 1133 119.0
Cpo (kI/kgK) 0.688 0.892 1.041 1491
Cyr (KIkgK) 1.039 1315 1.302 1.723
1, (JiPas) 10.94 1021 13.97 1334
2627 2332 125.4 102.6
4y (pePass)
8.868 11.01 14.54 18.84
k,, (mW/mK)
81.90 80.98 58.52 58.01
Ky mwimk) 11.53 9.936 3857 2837
0 (mN/m)

Table 2. Specifications of the soft ice-cream machine

Parts

Specification

Compressor
Freezer
Exp. valve

Condenser

CAJ2446Z (Tecumsh) 1.2 HP
1.D. 103 mm, L = 365 mm
Parker 204C (1/4 ~ 2 RT)

386 mm x 363 mm, 3row, l4step, plain fin, fin pitch

2.0 mm, tube LD. 9.5 mm
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Fig. 5. Pressure change during ice cream formation
(charge 1000g, exp. valve opening "0")
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Fig. 6. Temperature change during ice cream formation
(charge 1000g, exp. valve opening "0")
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Fig. 8. Power consumed for ice-cream formation at
various refrigerant charge and valve opening

Table 3. COP of the ice cream machine at various
refrigerant charge and expansion valve opening

Ref. charge Exp. valve Ice cream Power_ COP
(2 o?gggg formation time tcigrrlnSl(llr(I})
1000 0 10 min 5 sec 957.9 0.57
1000 90 12 min 24 sec 1179 0.46
1000 -90 12 min 30 sec 1146 0.48
900 0 14 min 12 sec 1335 0.41
900 90 16 min 20 sec 1536 0.35
900 -90 16 min 34 sec 1552 0.35
1100 0 15 min 58 sec 1340 0.41
1100 90 14 min 35 sec 1131 0.48
1100 -90 14 min 48 sec 1128 0.48
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Table 4. Ice cream mass when ice cream making is
continuous with no interval

No. mass (g) No. mass (g)
1 102 11 102
2 110 12 97
3 100 13 104
4 106 14 109
5 96 15 103
6 105 16 115
7 98 17 112
8 102 18 96
9 90 19 92
10 106 20 96
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Table 5. Ice cream mass when ice cream making is

at 30 seconds interval

No. mass (g)] No. mass (g)] No. mass(g)] No. mass(g)
1 103 16 103 31 98 46 103
2 105 17 102 32 96 47 105
3 107 18 105 33 95 48 107
4 105 19 107 34 98 49 106
5 106 20 103 35 102 50 103
6 105 21 96 36 104 51 104
7 105 22 94 37 103 52 98
8 107 23 102 38 101 53 97
9 109 24 95 39 102 54 99
10 102 25 105 40 98 55 101
11 103 26 103 41 96 56 98
12 105 27 102 42 94 57 96
13 101 28 101 43 95 58 100
14 106 29 100 44 99 59 101
15 98 30 101 45 101 60 103

Table 6. Performance of the ice-cream machine at
extreme test conditions

Ice cream formation
time

Average power

Test condition . .
consumption (kW/min)

26C RH 65% 1.56 11min 23sec

43°C, RH 50% 1.67 30min S56sec

-10C, RH 95% 1.28 5min 35sec
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