Vol.33,No.4
August. 2012

833% H4H
20124£ 88

WEHE: 0253-4339(2012) 04-0043-05
doi: 10.3969/j.issn. 0253-4339. 2012. 04. 043

ETHRierRE R ESLRARAEERN
AT SRS WEE R

(ZMBIXFR/HELITFER ZH 730050)

ETHMEHFRSERESUBERIERD

B E FAHSBHIEDLASA, EA WSS S R R R 2 A KB, 0 B P IR AL T A R TR 2
AR B 45 A 5280 000 2 A R R 2 A KRR, A T 4 BRI AR J2 5 S A 7 T 36 B A L) A Bk . 45 R
LW, SEVIMIREG WA RE R EARWT oy R, R 2 RE RS IR, FLA R LR 2 o T 48— s
KM TEAEAR, VEWIRA R IAR A K INSE 4, s A Ee ) K. I3t — g i U A 3 S gk m
SERENLE, RRAGRE R, R ES s R R
XEIR LA, WA EANEE T SUEER

hES%ES: TB61'1; TB657.5; TP391.9; TQ026.5 XHEAFRIREE: A

Numerical Simulation on Frost of Cryogenic Finned-Tube Vaporizer
Based on Fractal Theory

Chen Shuping Yao Shuting Xie Fushou Han Hongyin
(School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou, 730050, China)

Abstract A model of frost formation and growth on the cryogenic surface of finned-tube vaporizer was proposed based on Diffusion
Limited Aggregation (DLA) model, and through controlling the times of program running, the simulation on the different stages of
frost formation and growth on the cryogenic surface was carried out in this paper. Combined with frost formation and growth on the
cryogenic surface obtained by experimental observations, the rationality of numerical simulation was verified from fractal dimension
and frost layer density. The result shows that frost layer density decreases with the increase of thickness in the early frosting stage as
initial frost dendrite constantly grows branch crystal, and the fractal dimension of frost layer on the cryogenic surface is larger than
the fractal dimension of frost layer on the general cold surface. The frost growth on the cryogenic surface is more complex, and it
has a bigger ability of filling space. This investigation is significant to further understand the frosting mechanism on the surface of
cryogenic finned-tube vaporizer, explore the effective defrosting methods, and enhance heat transfer characteristics of the vaporizer.
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Fig.1 Experimental images of frost formation and growth at
different stages
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Fig.2 Simulation images of frost formation and growth at
different stages
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Fig.3 Experimental binary image of frost formation and
growth

B4 mREKEMER

Fig.4 Simulation image of frost formation and growth
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Fig.5 Linear fitting for the fractal dimension

HIEISTT &N, B R I 4R W1 s B K
REJZHI T TEYERCN 1.88, 1M SEIG A5 2RV R 1M 45/
VI 78 > AR IR 2y R 4R 1.81, Bglai R
SR 45 AR LU R W A LA — 2, B6E 74K
(EREURI S B, BEAh, RV B AR R I 7S
PANGER N Y i i 151 2 A 1 W i 5 e P
GITEAEBORM, RSy A B R L &
ANLELE NS 2%, HJE e ] R JTBER. AEIR
ALOUN, BEERRIFEAWIE N, R
JE BE IS TRLAN 23 [ AN T iy, 3 B0B AR OK S R PR 3



833% H4H
20124£ 88

w% F

Journal of Refrigeration

Vol.33,No.4
August. 2012

S EEAWTTE i UKETARA AR AL, 7= 45K
I T2 TRV R BE AR, TERBCIR
LTINS <o N el LI WA RN NS

3 REEEITHE
TRt Bz 2 L B g, UL fE
Matlab T &5 I 0 546 743 21 (1) 78 242 K BHG AT 56 )2
WV EAE, N TEMEREET,=16.3C. K
ARIMIBET,=—120°C . REGERH=55%%1F T
HEAT By Sz 56 4%, 8 i Matlab %4 o4k oy —
B A, BRSSO kR R, WE
3TN AT R AR R S5 A JEAT B0 45
RIE, VUZAHAL, W LA n—MERERA
— 2, MBI )E, XU AU T S
i, Aok EEARrel, R Q) IHEAEZE
R, NS A2 S R R AR, 6T

Nice Na
= I
1Y , plCC Nt N, pa (3)

K. p—HEHEE, kgm’; p—EE,
p.=1.292kg/m’; p..— VKB, p..=0.9X10°kg/
m’, N,—=2SECAEKKEE TG NIk
e ARATE CAR K 1 d A R I AN 4

1000~

——

800
600+
400+

p/ (kg/m?)

200+

0

0 10 20 30 40 30 60
X/ B
Ho BREEMEEOTL

Fig.6 Density varied with thickness of frost layer
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