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Abstract

Non-uniform frost is a significant feature of evaporator surface frost in air-cooled refrigerators. It is also one of the important
causative factors leading to evaporator performance degradation. This paper reviews related extant research in three distinct areas: non-
uniform frost characteristics of air-cooled refrigerator evaporators, defrost optimization based on these characteristics, and frost detection
optimization. A concise introduction is provided into the formation mechanism of non-uniform frost on air-cooled refrigerator evaporators
the influencing factors, and their impact on refrigerator performance. Optimization of frost-heat matching defrosting and frost suppression
strategies for the evaporators of air-cooled refrigerators are systematically summarized. The complex challenges and solutions of direct and
indirect frost detection techniques under nonuniform frost conditions are analyzed. The performance degradation of air-cooled refrigerator
evaporators is summarized and discussed. Finally, this study identifies shortcomings in the research field of nonuniform frost on air-
cooled refrigerator evaporators and proposes potential future development directions. This study aims to provide a framework for the
efficient operation and energy-saving optimization of air-cooled refrigerators.
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Fig.1 Structural framework of the paper
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Fig.2 Non-uniform frosting on the evaporator surface of

air-cooled refrigerators'’
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Fig.3 Acoustic sensor frost detection principle and signal

transmission method ™"’
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Tab.1 Power control optimization of electric heaters
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Fig.4 Air-cooled refrigerator air circulation schematic
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Fig.5 Return air duct optimization design roadmap

TEIREEIRE Ry 32 “CHY, AL FE AT IR 4546 9. 59% , bR 7R AE
HL TG 18. 53% , H FEHL S [ AIK 1. 36% , A 30 T
FEIZI A ITRRAR T BR AR AEFRE . 0l XUIH 2540 55 245 7 1
BUEALHT X LA 6 Fron o 5 ATk i p Ak e
JRTE 285 48 3 37 2% S 4 DG T 48 4 P £ 58 s T

L

AN 5 2 BE A R 4 e B A R BRI R R e
FE ., DT Jd 2 P2 T VKR AR i v M BE L i MR UK AR 1Y
EAGa TR T E MR

nid

Y= cd
s

it

el
il
it

s

ZER9% LiZhigiang  BERTEN SRR PIRENR
(2016)  (2017) (2020)  (2020)  (2021)

6 BIXUE R &R R R AT ST L]

Fig.6 Comparison of return air duct structure and frost

condition before and after optimization's!~*

2.3 MFEREL

I DG T Pk A 5 AR A T S A R i
TR KA VKA 76 2 B 22 T 45 A e, E R )
AR AR N7 3 R B S5  WI R« 1) SR B T4 )
e AP IR 2 G KR AR HE A ZE K BRI 25 AR 5 2) R
) TG o e b B e S 7K L 7K L R B K U S o 2
K AR TAL T,
_6_

[51]

RRARG 25 0003 (A 5 1k 32 B3 1o R IR AR AR K
Bl 7 ok SR 28 A A A K, — MR R CE T R RN
SMMBRIE RS . SMMBRIE R G BAEE 4 AR =,
H T E VK AR 0 55 U N FH D, A 22 T AR A1 B
A TR R 2 B A A B . AR VKAE TPOiCE T T
PR QR R U L SN 2 J] P AT D 40% 1Y
P ITREARARRAE" o A FH T8 500 00 6 JC 200 53 A o 4
i HEZK A AR BR AR A A 25 T8 500 22 R R R
BB KRR AR, PO RE AR 828 N . UL n)
AR P ARG 08 AT P A T8 50 U A e A g 3R L B
IR zs SO EE , R Bs R 22 8 HE 3 0 o 4 700 ¥4 i ARt
T FRAE R T 1 300 R R0 B T 39 P A R FE = 1Y
[ R, SR AT RESS . A LT AR AR
PR 1) P A T MO AR X B 2 M R G FEIE R e
A TR S, A2 VKA U v A N FH o PR L S BT e )
(1) AT A5 P A A )92 s R A R ) [ R

BEXT 25 K #% 2 TAAR L 2 1 b B 5 VR SRR LR
T LN B R RE R A A A 2 R it AR
FRRARF MR K (K B BLK RS T B b
D RE R o A 50 FH AR 2 SR K ), 3 ok A2 L2
VKAE 78 R 4 3 Fr 22 10 U 7 SR 7K RE , AT DLAG A5 SiE
REETR R R IE T 15% , K6 i AR 5%~8%'
ZEOF-SEO S o S FR A L SR SR K R T D4 A vk
FE ARG B AL R YR S B TR Ak ) R AT A FR AR
SHATRE . (A TR KR E B A B R IR
fill R KA 7y 56 A HE L 25 kA 2% 1A% B 1) /0 VR
SITE N — A G5 76 J8 1 VR 25 n UK 52 ) 25 K 4 1 vk
BB . BAK BRI EE G T AL, S, Jhee 25 HF 5T
RILRKA G W78 K an bR R AR AR = 24 3. 5%, 1



SRR, 55 - MV DKAR 28 K Aan AR S0 4 /R R R R 20k

Bt 7K A B S 2 55 24 10. 8%, 3% 181 5% B2 /K B k24
20%. 5K ARG B KRR AR RS vRAE 78 &
ar R b S5 R AR B K A PR S UK 16 R IR 4 J
7. 7% ACFE KD 37. 5% , UEBH B K AR FR 19 AT 17
£ . Hou Zhaoning 55 ¥ 1 s K b4k ik 7 76 K% 7K
R ZE A BRI, AH HE T IR R KA R TR 1R 2
W A 2 R U D 38. 25% Fl 41, 56% , % #6 ZIE A%
AR E N IEZAER . X T HA g sl 58 i
IR, FELS TRV | Bl A B 235 2 A T 5 4 [ B PO
AN AE A, Vo BE T 2 PR T 25 FA  TH  i /K 2% T F
A Wenzel JETEARZS , B PEREAGE 2 IH % i R2 aniEl
7 B9 SR BB K 2540 R i K R T Rl v
Wi H A& M\ Wenzel IR 25 5% 25 5 Cassie IR 2, i 50
B R AL o B R R 5 A 1 K A Ak
TR VKFE 75 I # 30 Fy 3 THT R 08 K I8 292 45 7 T
762 B[] 2 K 518% , HAT R 1 T SE M ANARE S+
FIPPRERIRE o il FH 4R OK 2544 B9 368 B /K 4RI R
FRTHT A B AR R ) T B Sy vl

Cassie

Wenzel

E7 BEkRELBRBHEBCREER
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