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Frosting characteristic on the cold irregular surface under
high temperature environmental conditions

ZHANG Nannan, WANG Yuan™ , YUE Xiaofei
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Frost formation on the air side of the heat exchange channels of the precooler has an important effect on the overall performance of
the precooled engine. Condensation/frosting process of three kinds of specimens with irregular surface topography structure (Ra =0.97 pm, Ra =
1.78 um, Ra=1.92 pm) in high temperature environment( 7, =50 °C) was studied experimentally. The effect of the ambient temperature( T, is
50 °C and 18 °C), surface temperature (T, is —10.9 °C, -23.0 C, -28.0 C) and the irregular surface structure on frost crystal/condense
droplet growth characteristic were studied. The densification mechanism of the frost layer was summarized and analyzed. The experimental results
showed that the higher the ambient temperature, the lower the surface temperature, and the shorter the frost crystal growth cycle. On the surface of
the three specimens, the closer to the edge of the specimen, the earlier the condensation droplets appeared and the faster it grew. Besides, it was
also found that the surface morphology and structure have influence on the whole process of droplet condensation and frost layer growth. The
mechanism of the surface topography structure on condensation was preliminary analyzed, but the mechanism of irregular surface topography
structure on frost growth needs further study.

Keywords: condensation; densification mechanism; frost growth characteristics; high temperature environment
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Tab.1 Surface profile structural parameters of the

three types of specimens
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Tab.3 Summary of experimental conditions
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4 50 41 -28.0 No. 1.No.2 No.3
5 18 41 -23.0 No.2

EEAE R E R AN &l 2 (a) Frs 9 CCD FHAIL
WHAAS . FRRIE S L 2R i 2 (a) i
R CCD APLIAASS I R4 . FR2 R RT3
JraCnE 3 R LI IR IE % ¢ = ¢ B Z)I
PRP e &5 A B P Tmage Pro®© i 8145 i 2k %%
ST AL R, i MATLABO it 4] 4 3 5if b 24 13
R AL B . X T ¢ = o, B 20 1 PR A5 Ak 34
HRG 1 =1, B ZIAHIE], 2R 5 EIGAHNE , 15 20Ch
FEME R (NFEZ2XE hAa, ¥ hR
) R AR R AU EL B R 5 B AT 75
B HRE

3 IR

Fig.3 Calculation of the frost layer thickness
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Fig. 10  Three mechanisms of frost layer densification in the
early stages of frost crystal growth when

T,=-28.0°C, T,=50 C, RH, =41%
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Fig. 13 Time sequence diagram of five types of frost layer densification occur
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