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Ultrasonic detection of melting and debonding of
interface between skin and ice layer

WANG Yuan, ZHANG Yang, WANG Yan, ZHU Chengxiang, ZHU Chunling

(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; In order to solve the problem that it is difficult to detect the local ice layer debonding when the thermal
protection system is working, an on-line ultrasonic detection method for the melting degree of interface between skin
and ice layer based on the theory of ultrasonic transmission in multi-layer media was studied. A multi-layer medium
acoustic model including skin, water film, ice water transition layer, ice layer and air layer is constructed. Ultra-
sonic pulse waves with different center frequencies are used as excitation sources, and the echo signals of multi-lay-
er medium interface are obtained by using the numerical calculation. The ultrasonic signal processing algorithm for
ice melting and debonding measurement is developed. The original echo signal is processed and the characteristic
parameters of the echo signal of interface between skin and ice layer are extracted. The ultrasonic reflection coeffi-
cient of interface between skin and ice layer is proposed to evaluate the degree of ice melting. The ultrasonic ice de-
tection system was built, and the low-temperature ultrasonic sensor was designed and fabricated. The ability of the
system to measure the degree of ice melting under the action of electric heating was verified in the low-temperature
environment. The ultrasonic ice detection system was built, and the low-temperature ultrasonic sensor was designed
and fabricated. The ability of the system to measure the degree of ice melting under the action of electric heating
was verified in the low-temperature environment. The theoretical results show that when the ice on the skin melts
and produces a thin water film, the degree of ice melting can be reflected by the change of ultrasonic reflection co-
efficient at the skin-attachment interface. In this paper, the ultrasonic reflection coefficient more than 0.8 is used as
the criterion of ice melting. With the increasing of center frequency of the ultrasonic signal, the thinner water film
can be identified. The identification thickness of the water film corresponding to 7.5 MHz center frequency signal is
10 pm. The experimental results show that under the conditions of clear ice, mixed ice and frost ice, the ultrasonic
detection system can out-put the ice layer debonding signal at the initial stage of electric heating. The propagation
characteristics of ultrasonic pulse wave of interface between skin and ice layer in the thermal protection are prelimi-
narily explored. The present method for detecting the degree of ice melting is expected to further reduce the energy

consumption of thermal protection.

Keywords: ice layer debonding; ice detection; online ultrasonic detection; ultrasonic pulse wave; reflection coeffi-

cient; melting degree
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