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Optimization of the Scraper Speed and Improvement of the Refrigerant
Path for the Evaporator of the Soft Ice Cream Machine

Seung-Hyuk Baek, Nae-Hyun Kim’
Department of Mechanical Engineering, Incheon National University
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Abstract Improvementsin the standard of living and lifestyle have led to increased sales of frozen milk products,
such as soft ice cream or slush. These frozen milk products are commonly made in a small refrigeration machine.
In a soft ice cream machine, the freezer is composed of a concentric cylinder, where the refrigerant flows in the
annulus and the ice cream is made in the cylinder by a rotating scraper. In this study, an optimization and
performance evaluation were conducted on asoft ice cream machine having a freezer volume of 2.8 liters. The
optimization was focused on the scraper rotation speed and the refrigerant path of the freezer. The measurements
included the temperature, pressure and consumed power. At the optimized speed of 124 rpm, ice cream was produced
in 6 minutes and 2 seconds, and the COP was 0.90. Through a flow visualization study using air-water, the refrigerant
path was improved. The improved design reduced the ice cream making time significantly. The present results may
be used for the optimization of other refrigeration cycles, including those of frozen food products

Keywords : Optimization, Performance evaluation, R-404A, Refrigeration cycle, Scraper, Soft ice cream
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Fig. 1. Photo of the soft ice cream machine
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Fig. 2. Refrigeration cycle of the soft ice cream machine
shown with measurement points
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Fig. 3. Schematic drawing of the freezer
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Fig. 4. Photo of the scraper
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Fig. 5. Schematic drawing of the pully and gear box

Table 1. Specifications of the soft ice-cream machine

Parts Specification
Compressor CAJ2446Z (Tecumsh) 1.2 HP
Freezer LD. 103 mm, L = 365 mm
Exp. valve Parker 204C (1/4 ~ 2 RT)
Condenser 386 mm x 363 mm, 3row, l4step, plain fin, fin
pitch 2.0 mm, tube LD. 9.5 mm
1.5 T T T

1_0/ J
0.5F —— 110 rpm
- - - 124 rpm

L — 140 rpm

0.0 1 L n

P(MPa)

Time(min)
Fig. 6. Compressor inlet and outlet pressures during ice
cream formation
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Fig. 7. Measured temperatures during ice cream formation

Figs. 67} 7& Z8¥ &9} of=o] 3]x159] Wl
upe} xpo]7h A7) S HoFErh @ ofo] 27 A
Z N7 124 rpmell A H 4 (6% 2%)2 YERGT o]
B} 3d57 ZAAY (110 pm, 63 32%) =9 (140
pm, 6% 163) AH|ZA|To] ZA] YERgTh 2~ad o]y
o] 3 AGIF YF mgd gdol ofo]aze] Y- F

#A ol Aol Phstn SR U me

11

1

N

R R

ol HA AT Mol Zto] Al T80
Aoz WAL} Fig, 8ol 3 -0 wh2 4w
YERISIT o714 &5 ofo] =37
HEE F AEoR oF5719 Ay o|HE

2,

bl

=™od

N
—_

)
9
)

vl

o

I

o

rlo

St

o F_>TI_,

Sk

g o

o o -

r Lok

= ¥

BN i

[

)

offt

)

N o

5 3
o=y B o [N

oy e

Sob

0.182 kWh, 1249} 140 rpm
o)M= 0.169, 0.173 kWhz AL AT} whebr 344
124 rpmoll A A2 A7 (6% 22)3 A (0.169
kWh)e] ZAZ UEstT.

Power(kW)

Time(min)

Fig. 8. Power supplied during ice cream formation



A 71E8 8] =2 A AW A0E, 2017

Out

|/

(b) 2 min

o A
(¢) 3 min

= —=S
(d) 4 min

Fig. 9. Frost pattern inside of the freezer

(a) G =20 kg/mzs

(b) G = 40 kg/m’s

(¢) G = 60 kg/m’s
Fig. 10. Air-water flow pattern inside the freezer (no flow
blockage)
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(a) Flow blockage with top and bottom holes

(b) G = 20 kg/m’s



(d) G = 60 kg/m’s
Fig. 11, Air-water flow pattern inside the freezer (with flow
blockage)
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Fig. 12. Measured temperatures with and without flow
blockage
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