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Experimental analysis of early stage frosting characteristics on the

surface of Ni-based GH3536 superalloy plate

ZHANG Duo, WANG Yuan, YUAN Xueqiang, YUE Xiaofei, LIU Jun

(College of Aerospace Science and Engineering, National University of Defense Technology,

Changsha 410073, China)

Abstract ; Ni-based GH3536 superalloy smooth surface and microporous structured surface with hydrophobic properties were used as the object

of study, and the early stage frosting characteristics of the surface were studied. The impact of surface temperature, relative humidity, and surface

wettability on frost crystal shape and growth rate were investigated quantitatively. Results indicate that with the decrease of the surface temperature ,

the initial time of frost crystal formation is shortened, the growth rate of frost crystals is enlarged, and four types of frost crystal shapes are captured.

The increase of relative humidity can increase the number of frost crystal and change frost crystal morphology, while the condensation and freezing

time of droplets are independent of it. For the same frost crystal morphology, increasing the relative humidity has a certain promotion effect on the

frost crystal growth, while when the frost crystal morphology changes, the change in relative humidity will result in significant differences in frost

crystal height and growth rate. The hydrophobic surface made of micro-holes structures can evidently delay the formation of the crystal by increasing

the nucleation barrier and contact thermal resistance. However, the impacts on frost crystal growth and shape are negligible.

Keywords: early frosting characteristics; frost crystal; GH3536 superalloy plate; hydrophobic surface
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Fig.1 Schematic of the experimental system
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Tab.2 The initial time ¢,; of frost crystal formation and

the maximum growth rate h . under different T

surf

y REHIE WEER RVEK
< WHE/s R/ (pm/s)
Test 1 -2.3+£0.4 73 +4 0. 609
Test 2 -6.9+0.6 38 +3 1.014
Test 3 -11.3+£0.4 26 2 1.217
Test 4 -15.5+0.7 17 £1 3.855
Test 5 -19.8 +0.7 7+1 4.464
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Tab.3 The initial time ¢, ; of crystal formation and
the maximum growth rate h _at different RH
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T ¥ T AHXHE PTa——
JE/C B/ % Rk

[A/s  (pm/s)
Test 1 -2.3+0.4 60 £4.3 73 £4 0.609
Test 6 -2.3+0.4 80 £8.2 82 +4 0.812
Test 2 -6.9+0.6 60 £4.3 38 £3 1.014
Test 7 -6.9+0.6 80 £8.2 37 £3 1.323
Test 3 -11.3+0.4 60+4.3 26 +2 1.217
Test 8 -11.3+0.4 80 8.2 23 £2 3.449
Test 4 -15.5+0.7 60+4.3 17 £1 3.855
Test 9 -15.5+0.7 80 8.2 17 £1 4.341
Test 5 -19.8+0.7 60 4.3 E! 4.464
Test 10 -19.8+0.7 80x8.2 8+1 5.285
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Tab.4 Initial time ¢,; of frost crystal formation and

maximum growth rate h  on different surfaces
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Test 1 -2.320.4 W 73 x4 0. 609
Test 11 -2.3£0.4 ffL 915+10  0.387
Test 2 -6.9+0.6 W 383 1.014
Test 12 -6.9+0.6 ffL 379+7  0.933
Test 3 -11.3 0.4 W 262 1.217
Test 13 -11.3£0.4 f4fL 1636 1.278
Test 4 -15.5+0.7 W 17 =1 3.855
Test 14 -15.5+0.7 4L 83 x4 3.972
Test 5 -19.8+0.7 W 7=l 4.464
Test 15  —19.8+0.7 ffL 45+3 4. 664
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