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Fig.3 Shear stress in xy plane between substrate and icing
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Table 1 Physical parameters of copper tube and aluminum

plate
MERFR | BB/ (kgem™) | BAHEBTR/MPa | IFAH
i 4 8 700 2.0x10° 0.35
iy 2700 7.0x10* 0.33

R2 AR B PR A 4G 3 R A A AR R
Table 2 High order modal characteristic frequencies near

different excitation frequencies of evaporator

ARIE /K Hz | 453 /kHz | SR /kHz | S5 /kHz | 453 /kHz
20 20.044 58 | 20.168 64 | 20.212 91 | 20.252 92
28 28.008 64 | 28.055 93 | 28.131 19 | 28.186 06
40 40.014 77 | 40.077 18 | 40.110 96 | 40.150 86

F1 26 2 R 4 R R o B R AL A3 3R (8] 9 25 7 A
TN 2 AR A P A R B A A IR R 4 5T 4R
BHRAEA 107 ~ 107 mm 78K a% 34 11 Ik 5l i {2 42
PP SR A, ELIR 15 55 5385 5 5 B 85 ot A1 R ) 484
PR o e db , PR 30 B A A, S A 1% e i
B St 55 3 o 04 05 X5 0 B ke A AR AR TR A
FEA S NI A PR A e e . O I T B A
SO e AR CEL I A A T E B R B B
2 e Ak IR SR 8 9 R AR, R BN R R g

(a) 20 kHz M} £ 89 K & 25 R o) 2 55

A 167.7 mm
160
140

120

WV 0.156 3 mm

(b) 28 kHz M 3% Jk Zh 8 &
J A137.32 mm

V¥0.774 3 mm

(c) 40 kHz i 3 3R 3h BE 5
4 AABEARFRET RIS
Fig. 4 The vibration mode under ultrasonic frequency of

evaporator
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Fig. 5 The test point distribution of laser vibrometer on

evaporator metal plate
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Table 3 The resonance frequency and the vibration amount

of laser vibrometer point

WM | AR | iR /pm | BB/ (mes™) | IIERBE/(mes™)
1~24500] | 42.656 1.230 0.35 88 623.32
2| 42,672 0.285 0.08 20 505.41
2~3%1] | 42.625 1.046 0.29 75 083.60
3L | 42.609 0.947 0.27 67 849.12
3~47550] | 42.641 1.005 0.28 72 144.62
4% | 42.609 1.070 0.30 76 540.65
4~5%A] | 42.625 0.600 0.17 42930.08
591 | 42.641 0.700 0.19 50 164.64
5~64M] | 42.625 1.150 0.32 82 594.56

P B A R W AR R AR B IR B R KE
T s A SRS 1 wm 224, {0 IR Sl
AT A N ) 8 000 247 , & F S I & 4
N RGN — IR, 2B R st

3.2 BESHIRIIXNELRFREFENZM

Xof L1 o B /N TR 2R ke i R AT R R e AR
SR AR o R A PR EE A H SRR IR T
KL HEAT 141 min, REEHEE R 10.2 °C, & K &
JE PR 28 A5 AR X R B R 62% o TR AR AL 2k T 1R,
P B % 2K FH ) 8 2%, BIE] B 2 min, JR 305 s, 15
5 s, M 4RI 40 s, BAAE TR 2 ming0 s,
FERR P ORI R AR B, 2K kA O [ ) A 25
T2 R BANE 6 iR o

(a) 22 min (b) 31 min

(d) 141 min

(¢) 41 min
6 ARBREHMEBGMLE LA

Fig. 6 The macro frost figure on the rear side of vertically

placed evaporator
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Fig.7 Microscopic comparison of frosting 30 min under

natural frost, 28 kHz and 40 kHz
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(b) £H 10K

() %oy &

P TR R4 HL4E TAE 10 h R/ — ki R /e fie
FE,RAR WL IS 15 Lo e 1: 1315 . MR YR VKA R4 L
TAER B, B R BRI T AT A 2 ~ 3 h, U 470N
B B 7 — Uk, DU UK AR R 46 HL B i 3l 814k 76 2k
FHY 16 h, &AL FEIF 1] 30 min, Horf A i 18 min,
SR A5 Ik A, 15 28 ki 3R 1A Al TR VK S S
FE4E ML, THAAS EEFE R R D)% 0.081 kWh, 4N
R IR R ARG 75 i U B B hr 28 F i B BR A
T, ) 46 HLATY 35 4605 2 b, T 16 b Py H i Ak 7R
MOAEFE R 0.241 kWh, I H @l f§ W A £ | B
%N

e FH R 7 5 L 2 B T IR I S 0 E R IR Y
39%~52% , % F ] 8k 50 s P 5l 10 s (9 TAERLL,
16 bR 745 5 75 B9 BERE R 0.09 kWh, 205 ol 2% 4 7=
P sl 5] BR TAE 2 BRI D) 5 2 50, W 75 R 7 g

ANTREHR . LT UL, A R O R e A IR RE
FERY, BA TR I E

6 4ZHit

1) Lamb 3% SO AO B2 Ifif P9 7 B8 34 & 1 XZ °F
AT 55 ) 13 3 FSH I 0 & 1Y) Y2 SF- T8 55 Y187 g % 38
FELANAE 2 B A R B AEH, M Lamb 3 AO B &
T 51 A5 0 K B 27 T 1) 6 N 6 FE AR )2 HL A R
PRAE

2) WO AR 50 25 L 3R I S IR Bl AR AR
RS U8 1 5 R T A R o A DR T 8, A
TS R A RE AT T ORR R o AR B0 R AR I AT AT
AT i) BE SR T, 2 K i AE 48 R 45 1 R A0 % T AR
o AT 38 PR B

3) ZE R A% 1E RS E AR s T, # R ]
AT HER S SRS B MR L, 5
S8R 0 B 0 7R AR AR D AT A B XU 25 B

4) TH NSRS S K 1 B B 1 g RS T B B R
(14 32 17 7 2 L ik 7 2 & 2B ) B RV AR 1) 2 AR
BLH 2 75 ok L SR 72 00 B HLEL. iRk,
LT R IR Bl ) B AR B R AE e RSB b2
ATATHY

[ 2% 3Tk ]

[1] HUANG W Z, JI J, XU N, et al. Frosting
characteristics and heating performance of a direct -
expansion solarassisted heat pump for space heating
under frosting conditions [J]. Applied Energy, 2016,
171: 656-666. DOI: 10.1016/j.apenergy.2016.03.048.

[2] TANHH, XUGH, TAOTF, et al. Investigation on
the ultrasonic

propagation mechanism and its

application on air - source heat pump defrosting [J].
Applied Thermal Engineering, 2016, 107: 479-492.
DOI:10.1016/j.applthermaleng.2016.06.185.

[3] TAN H H, XU T, LIU Z, et al. Investigation of
ultrasonic array defrosting method based on synergism
of standing wave intermittent phase -stagger and multi-
frequency for finned - tube evaporator [J]. Energy and
Buildings, 2020, 218: 110054. DOI: 10.1016/].
enbuild.2020.110054.

[4] TAN H H, ZHANG X F, ZHANG L, et al. Ultrasonic
influence mechanism of a cold surface frosting process

and an optimised defrosting technique [J]. Applied

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F205 % 64

ERiak, A TR G XA B E AL AR

147

[10]

[11]

[12]

[13]

Thermal Engineering, 2019, 153: 113-127. DOI:
10.1016/j.applthermaleng.2019.01.094.

AMER M, WANG C C.Experimental investigation on
defrosting of a cold flat plate via ultrasonic vibration
convection [J]. Applied Thermal
Engineering, 2020, 179: 115729. DOI: 10.1016/j.
applthermaleng.2020.115729.

NIPY, LV ZL, JIANG HY, et al. Simulation and

under natural

experiment on pneumatic defrosting of evaporators with
heat storage [J]. Case Studies in Thermal Engineering,
2023, 51: 103596. DOI: 10.1016/j.csite.2023.103596.
XU Z J, HAN L. An experimental study on energy -
storage based defrosting performance of an air source
heat pump system with a micro-channel heat exchanger
as outdoor coil[ J].Applied Thermal Engineering, 2023
122067.D01:10.1016/j.applthermaleng.2023.122067.

WANG F, XIANG M T, YANG W B.Effects of contact
frosting and  defrosting

angle  hysteresis  on

characteristics on vertical superhydrophobic surfaces
[J]. Applied Thermal 2024, 236:
121881.D0OI1:10.1016/j.applthermaleng.2023.121881.

SU W, MA D X, JIN X, et al. Experimental study on

frosting and defrosting characteristics for inclined cold

Engineering,

plates with surface wettability considered [J]. Applied
Thermal Engineering,2024,239:122089.DOI:10.1016/
j-applthermaleng.2023.122089.

ZENG J, SONG B L. Research on experiment and
numerical simulation of ultrasonic de - icing for wind
turbine blades[J]. Renewable Energy,2017,113:706—
712. DOI: 10.1016/j.renene.2017.06.045.

SONG M J, LIU S C, DENG S M, et al. Experimental
investigation on reverse cycle defrosting performance
improvement for an ASHP unit by evenly adjusting the
refrigerant distribution in its outdoor coil [J]. Applied
Thermal Engineering, 2017, 114: 611-620. DOI:
10.1016/j.applthermaleng.2016.11.206.

ZHU Y, PALACIOS J,ROSE ], et al. De-icing of multi
- layer composite plates using ultrasonic guided waves
[C]//49th  ATAA/ASME/ASCE/AHS/ASC  Structures,

Structural and Materials Conference.
Virigina: ATAA ,2008.
ALACIOS J L. Design, fabrication, and testing of an

ultrasonic de - icing system for helicopter rotor blades

Dynamics,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[(D]. Pennsylvania: The Pennsylvania State University,
2008.

ZEMR, WRIREL . 8B P Tl 2R X v RE THT VR 445 VA e B &L
RUFEW L] TR R R (AR FHARRD , 2014,44
(4) : 751-755. DOI: 10.3969/j. issn. 1001-0505.
2014.04.013.

LI Dong, CHEN Zhengian. Effects of ultrasonic power
on removal of frozen water droplets from cold surface
[J]. Journal of Southeast University (Natural Science
Edition) , 2014, 44 (4) : 751-755. DOI: 10.3969/j.
issn.1001-0505.2014.04.013

PR RIENE , PR A 2 ARG T AR A 1
BRI B AL K HLEE B vk b g LT ). o e AL
TAE2EH, 2012, 32(17):125-132,154.

LI Luping, TAN Haihui, LU Xuxiang, et al. Ultrasonic
propagation theory in multi - layer composite structure
and its application to blade de-icing of wind turbine[J].
Proceedings of the CSEE, 2012, 32(17) : 125-132,
154.

LI D, CHEN Z Q.
instantaneously shedding frozen water droplets from
vibration [J].
Experimental Thermal and Fluid Science, 2014, 53:
17-25. DOI: 10.1016/j.expthermflusci.2013.10.005.
WANG DY, TAOTF, XU G H, et al. Experimental

study on frosting suppression for a finned - tube

Experimental  study on

cold vertical surface by ultrasonic

evaporator using ultrasonic vibration [J]. Experimental
Thermal and Fluid Science, 2012, 36: 1-11. DOI:
10.1016/j.expthermflusci.2011.03.002.

M E L AR 0 R S i (M. db e B
HRRAL, 2004.
LIN  Shuyu.
transducer[ M ]. Beijing: Science Press, 2004.

TAN H H, TAO T F, XU G H, et al. Experimental

defrosting mechanism  of

Principle and design of ultrasonic

study on intermittent
ultrasonic resonance for a finned-tube evaporator [J].
Experimental Thermal and Fluid Science, 2014, 52:
308-317. DOI: 10.1016/j.expthermflusci.2013.10.006.
TAN H H, XU G H, TAO T F, et al. Experimental
investigation on the defrosting performance of a finned-
tube evaporator using intermittent ultrasonic vibration
(1] Applied Energy, 2015, 158: 220-232. DOI:
10.1016/j.apenergy.2015.08.072.

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



148 kI RFEFER(AAHFR) 20234 12

Investigation on defrosting mechanism of ultrasonic high frequency resonance

based on numerical simulation and experiment

QIU Shangbin', HUANG Bao', TAN Haihui’, WANG Baofu’
(1. Zhongshan Qili Cold Chain Equipment Company Limited, Zhongshan 528451, China;
2. School of Mechanical and Electrical Engineering, Zhongshan Institute, University of Electronic Science and Technology of

China, Zhongshan 528400, China)

Abstract: [Purposes] For the ultrasonic defrosting mechanism is unknown in finned - tube evaporators.
[Methods] The frosting process and frosting rules on the cold surface is obtained through microscopic
visualization method. The theoretical model of ultrasonic defrosting is established on the basis above, and the
resonance band of frost crystals and shear stress value excited by ultrasonic vibration is calculated by using the
finite element software COMSOL. The maximum adhesion stress of frost crystals is compared calculated results ,
and the feasibility of ultrasonic high - frequency vibration defrosting technology is theoretically illustrated.
Simultaneously, an ultrasonic defrosting experimental bench is constructed on the evaporator of the air-cooled
refrigerator, the vibration values of the evaporator under ultrasonic high-frequency vibration are obtained by
laser vibrometer, and the actual defrosting effect is compared with the numerical simulation results. Finally, the
energy consumption of ultrasonic defrosting is analysed. [ Findings] The interfacial stress excited by ultrasonic
high - frequency vibration is obviously greater than the adhesion stress between the frost crystal and the cold
surface of 0.4 MPa, which significantly reduces the mechanical properties of the frost crystal and makes the
frost crystal loose and fall off. The optimal ultrasonic loading mode on the heat exchanger is intermittent
loading, and the intermittent time is affected by the ambient temperature and humidity, and the higher the
ambient humidity is, the shorter is the intermittent time, and vice versa, the longer is the intermittent time.
[ Conculusions] The energy consumption of ultrasonic defrosting is about 1/4 of that of traditional thermal
defrosting, which has the feasibility of engineering application.

Key words: ultrasonic defrosting; numerical simulation; high frequency vibration; COMSOL; defrosting

mechanism
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