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Abstract; As a common low-temperature physical phenomenon, frosting often results in negative effects in daily life
and industrial production. Frosting simulation technology not only helps to deepen the understanding of the frosting
process, but also provides theoretical guidance for the development of frost prevention and control technology,
thereby reducing or avoiding potential hazards caused by frosting in fields such as energy, aerospace,
transportation, electricity, and refrigeration. To fully understand this complex heat and mass transfer and flow
coupling process, which is characterized by non-uniformity, variable density, moving boundaries, and continuous
phase changes, this study systematically analyzes existing models and results of the four stages of droplet
condensation, solidification tip-growth, virtual frost growth, and frost layer maturity in the low-temperature surface
condensation frosting process. The results show that during the droplet condensation stage, existing models achieve
a simulation accuracy of over 80% for indicators such as droplet size and nucleation rate. During the solidification
tip-growth stage, the simulation accuracy of parameters such as freezing front height and freezing duration can reach
85.3% . The simulation accuracy of indicators such as frost thickness and frost density during the growth and

maturity stages of frost layer can reach over 82% . Additionally, the accuracy of simulating and predicting frost
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climate can reach up to 88.4% . Existing frost simulation techniques can be divided into three types based on their

underlying principles: mathematical models based on physical and mathematical principles, numerical simulations

based on computational fluid dynamics and numerical methods, and data analysis models based on statistical and

machine learning principles. Among these, the final method is mostly used in the frost growth stage, and has the

greatest potential for development due to their long duration, multiple predictive parameters, and high accuracy

throughout the frost formation process. During the entire condensation frosting process on low-temperature surface,

the simulation of droplet nucleation in complex scenarios is difficult due to its small scale, fast changes, multiple

influencing factors, and its occurrence in the early stage of dendrite growth. Similarly, the periodic reverse melting

and regeneration of frost crystal in the later stage of frosting growth is also a current challenge due to the drastic

changes inside the frost layer and the physical obstruction during precise measurements, which cannot be clearly

observed. The conclusions of this study provide valuable references and inspiration for fundamental research and

technological development related to frost and ice in complex scenarios, such as frosting, defrosting, frost

prevention, and frost control, etc.

Keywords: condensation frosting; mathematical model; numerical simulation; droplet solidification; dendritic

growth ; reverse melting and regeneration
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simulation research articles from 2005 to 2023

1.1 HEELEHAR
SEFEE R - W - 7 % SR AR AR AR TR
SRR AR, e B[R] TP W 43 Sk Y000 ¥4 Rk | R [ o
AR A SRR AU B B R A R I B
L T TR AN R | SR e Ha o S | e W ol £
TR AR Al B Y MR 5 v B8 WA | 38 ¥ A /NI
T AR R R SRS SO, HE MR 5 IO 1 B -
BRER BEH H ARSI R B R



- 40 - moR E T Ak K ¥ %

557 %

B VR U5 T TOUS T2 Bl o™ e A s ) e A 3 L 455
SIS LK 28 AR AASE A AR [ PR AR 5 A
(BT BE o HE AR A AR R TR A A ) RS T B
Sl SE A AR SR REASAH B A2 SRR R I LA Z
F T R A K DL RO Z8 i 7R 2= A AL B T, A
JREER AR, FRIZ AR Bh T 2R A A A 3]
PRI R R W B, 4T R P iR 5 Y
UKz, ARIEAE R SR RB B AR, 76
JRFMER T2 = A R EE YRR R R A A
IR, AR /K PE 5 Rk AR I AR R L,
SRR BERE N PRI/ | 2R A it B8 A AR i 4
Az o 2D R A TS ) P A o A S e B
Hm e el DURAE LA BB AR)Z R R I 2
AL 0 °C, = DUB BE N FRIZ AR R 7, 45 R
RIPIEAE —E5— T .

AR S 435 76 T30 B B, BR300 15 191 1o A 1) BIL A 47
FA B TERS BB R K, i 2 P,
A BT A T S8 Bt o A o S ad v (R
W RGS FIRGE DU B B2, e v B B VR P9 R
JEE B v A A T BE R I B AR IRLEE T DA, i
IR PN S AR A5 A% o R0 T A 25 T e B T
R A A A, P T P A T R L 2 A A R
Ty , X — 2R BORR g S, IR0 P70 B 3 T E B
ERISIBIVOKIR G Y, VRES Y B, W0 VR 45 B 1 1A
A 1) TR IEAS | 28 DR DKOK %85 J3E 22 S5 i 78 T T2 R
AR REE R 5 R 2 VK Y S 2 IR B U
S ORI T, KM 58 A UREs e, FLEL R
— B T BRIV IR RE B AT, 8 B [ 58 U, JT IR
TEHR I A K B 2Rt

T/°C

o mER

QEM Q)FR4

(4R

1 b 3l t/s

B2 #HERBREIERERMAEDELREHRISRE

Fig.2  Schematic diagram of the temperature change of static
droplet solidification process with time and division of

each stage
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Fig.3  Frost simulation technology classification and stages of frost simulation
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Tab. 1

Comparative analysis of three-stage frost simulation techniques
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Tab.3  Summary of simulation techniques for droplet condensation phase
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Fig.5 Numerical simulation of droplet solidification stage during condensation and frosting
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Tab.5 Summary of simple cold surface frost growth simulation technology
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Fig.7 Numerical simulation of frosting process on surfaces of heat exchanger
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Fig. 8 Numerical simulation of frost weather
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Tab.8 Summary of simulation techniques for frost weather and frost climate
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