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Effect of ultrasonic waves on anti-freezing for plate-type heat exchanger
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Abstract: This study attempted to examine a method of anti-freezing on a plate-type heat exchanger in a low-temperature
environment. Freezing condition was observed after ultrasonic waves were generated. Data were recorded to determine the opti-
mal conditions for freezing. Ethylene glycol, which is commonly used in antifreeze formulations, was used as the brine, and the
temperature was varied between -8 and -16C. The water for freezing provided by the thickness of 1-3 mm. In addition, ex-
periments were conducted by adjusting the output to identify the changes that occurred due to the incidence of ultrasonic energy.
The results of the anti-freezing effect were brine temperature, freezing thickness, and frequency band of ultrasonic waves.
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Figure 1: Schematic diagram of experimental apparatus

Figure 2: Measurement point in test section
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Table 1: Experimental range

component
brine temperature [C]
brine flow velocity [m/s]

range
-16 ~ -8
0.27
initial water temperature [C] 8
water height [mm] 1~3

1600
1750

ultrasonic frequency [kHz]

STE[®Se]l

3.1
Figure
7] Zdel

AP whE AR A mIE BR1st

1
o
ol
o
oox

ne Mg O

Lo

y

b

o

_orL

I
ne W o
ozt ~ =
Me o2 a9 o

fo

H

N
)
e
o o
o
ol
N
2=

Figure 3: Effect of ice making temperature on supercooling
break off time. (non ultrasonic, ice making thickness 2 mm)

oA AR Yol ers] A A41¢@ A3E(2017.3)

agelN AAHoRE ANt GEaE a7t
Ae & Ak L Z3E Table 201

g
ZAZe] FropAl=
=

gel skl

Table 2: Experimental result of the supercooling break off
time and time difference according ice making temperature
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(a) non ultrasonic

(b) ultrasonic (1600 kHz)

(c) ultrasonic (1750 kHz)
Figure 4: Effect of ice making thickness on supercooling

break off time. (ice making temperature -10°C)

Table 3: Effect of ultrasonic on supercooling break off time

condition (a) (b) (c)
(Dnon 2m10s 2m10s 4m50s
8m25s 4m10s 8m20s
. | @low
ultrasonic @/D=388% 192% 172%
1lm S5m10s Tm
high
Shigh 1557 Sos0s|  238% 145%

Fanld A Ao}y ea A A418 A32(2017.3)

(a) temperature —8°C and thickness 1mm for ice making

(b) temperature -10°C and thickness Imm for ice making

(c) temperature -8°C and thickness 3mm for ice making
Figure 5: Effect of ultrasonic frequency on supercooling

break off time
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Figure 6: Effect of vibrator position on supercooling break
off time. (ice making temperature —10°C, ice making thick-
ness 2 mm, ultrasonic 1750 kHz)

(a) -8C

(b) -12°C

(c) -16C
Figure 7: Effect of ultrasonic frequency on ice making time.

(ice making thickness 3 mm)
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