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Abstract. This paper introduces an experimental platform for studying frosting on the 
cryogenic surface in vacuum environment. This platform contains vacuum system, cold surface 
temperature control system, image acquisition system, data acquisition system and vapor 
generation device. The cold surface temperature can be varied in the range of -185 to 0℃, the 
vacuum degree of the chamber can be controlled in the range of 1 pa to 1bar, and the flow rate 
of water vapour can be controlled accurately. The experimental platform can be used to study 
the micro-morphology and the thermal conductivity of frost layer. 

1 Introduction 
Frosting is a common phenomenon in nature, and it also exists in the engineering field of cryogenics, 
refrigeration and aerospace. When the cold surface temperature is lower than the freezing point 
temperature of the water vapor, the water vapor will frost on the cold surface. At present, in the field 
of aerospace, manned spacecraft has not realized the closed-loop water circulation yet. It will 
discharge a certain amount of water into the space in orbit. Water sublimator of space suit also 
releases some water vapor. The released vapor will be around the spacecraft, then it maybe frost on 
the cold surface of the spacecraft. It will have a bad impact on the spacecraft performance. For 
example, frosting on the radiating surface may affect the thermal control performance of spacecraft; 
frosting on the lens may significantly influence the camera optical properties; frosting on the key joint 
may affect the moving performance of the mechanism.  

The phenomenon of frosting also exists in the spacecraft ground simulation test. There is 
inevitable a certain amount of water vapor inside the spacecraft simulation chamber, which will 
deposited a layer of frost on the cryogenic surface. If the frost is formed on the critical surface of the 
test piece, it will affect the original performance of the test piece, resulting in the inaccuracy of the test 
result and even the failure of the whole test. 

This paper is aimed to build experimental platform of frosting in vacuum cryogenic environment 
for studying the micro-morphology and the thermal conductivity of frost layer. It has an important 
engineering value for the safe operation of the spacecraft. There are some studies on the topography of 
the frost in vacuum cryogenic environment. For ultra-low cold surface temperatures, the frost layer 
growth is controlled by the outer boundary layer mechanism. There is a tendency that the frost layer 
thickness decreases as the cold surface temperature decreases, which is totally different to the frost 
growth on the cold surfaces of ordinary-low temperature[1]. Xiaomin Wu[2,3] studied the frost 
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formation on aluminum surface with grooved structures, and concluded that the frost prefers to grow 
at the top edges and corners of the structures instead of inside the grooves on the grooved surfaces. 
Boxe etc[4],measured the surface grain size and distribution, specific surface area, density, porosity of 
the frost under the pressure at 260Pa by using electronic microscope. The measured porosity of the 
frost layer is 0.31. Laufer[5] studied the frost film condensed by pure water vapor at 100K 
temperature, and found that the frost film had a needle structure. As the heating continued, it remained 
until the ice film completely disappeared. Mayer and Atteberry[6,7] found a similar needle-like 
structure on the surface of the frost film. Mayer[7] concluded that there were a large number of 
microscopic holes in the frost film, and the micropores provided a large amount of adsorption ratio (a 
few hundred m2/g). As the ice film grew, the adsorption ratio decreased gradually. Schmitt[8] came to 
the similar conclusion that micro-pores are only a few microns in size. The effective thermal 
conductivity of porous media depends on the thermal conductivity of each phase and the porosity, and 
on the array formed by particles and pores[9,10]. Zou Tonghua [11] studied the frost deposited on the 
surface of the cold well coils of the freeze dryer with pure ice as the freeze-dried material. In his 
experiment, the cold trap temperature is -40℃, the vacuum degree is lower than 10Pa. Thermal 
conductivity of the frost layer was obtained by Fourier Law within the range of 0.15 to 0.25w/(m·K), 
that is considered to be 1/4 to 1/3 at the atmospheric pressure. 

At present, there is less research on the frosting phenomenon in the vacuum environment, lack of 
detail image information of the microstructure of the frost layer. The variation range of the thermal 
conductivity of the frost layer is large, and the data comparison verification is lacking. Therefore, it is 
necessary to establish an experimental platform to study frost phenomenon in the vacuum cryogenic 
environment. Base on the platform, temperature data and morphology image of the frost will be 
obtained, and it will lay the foundation for the research in the future. 

2 Experimental apparatus 
The vacuum cryogenic experimental platform is shown in figure 1, the experimental system consists 
of five parts: cold surface temperature control system, image acquisition system, data acquisition 
system and vapor generation device. 

Data acquisition system
Computer system

Vapor generation device CCD camera

Vacuum pumping systemsLN2 storage tank

Vacuum chamber

LN2

 
Figure 1. Schematic of the experimental platform 
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2.1 Vacuum system 

The vacuum system mainly consists of vacuum chamber and vacuum pumping system. The vacuum 
chamber contains two parts: a stainless steel base and a quartz glass bell jar, which are connected by a 
flange. The effective volume of the chamber isФ380×800mm.The quartz glass has such a good optical 
permeability that we can observe frost from outside the chamber by the microscopic camera. The 
vacuum pumping system is composed of dry pump and molecular pump, and the ultimate pressure 
is5×10-3Pa.The vacuum degree can be controlled by the pumping rate and the outgassing rate. Figure 
2 shows the vacuum degree changes during an experiment. 

T1 T2 T3 T4

T1：first stable period
T2：open pressure control system
T3：second stable period
T4：open the cooling system

 
Figure 2. Vacuum degree as a function of time 

2.2. Cold surface temperature control system  

The surface temperature of the cold plate is controlled by the cooling system and the heating system. 
The cooling system has an open structure: liquid nitrogen flows out of the dewar, enters into cooling 
box to exchange heat with copper block, flows through cryogenic valve, is discharged into the 
atmosphere. The LN2 flux can be precisely controlled by the valve. The heating system consists of 
heater and program-controlled power. The cooling system and the heating system are regulated by a 
PID controller. By this way, the cold surface temperature can be controlled ranged from -185 to 0℃ 
with the fluctuating range of±0.3℃.The cold surface temperature in the experiment is shown in figure 
3(a), 3(b) shows a locally amplified curve in steady state condition. 

  
   (a)      (b) 

Figure 3. Cold surface temperature as a function of time.(a)overall (b) detail view 

2.3 Vapor generation device 
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In this experiment, water vapor was generated by ice sublimation under low pressure. The vapor 
generation device is shown in figure4. Before the experiment, the pure distilled water is frozen into ice, 
then the prepared ice is added to the ice storage. The outer wall of the storage room is heated by the 
heater. After the experiment began, the ice began to sublimate as the pressure in the reservoir 
decreased, and the sublimation latent heat was provided by the heater, so that the water vapor could be 
produced continuously. The flow of vapor was controlled by the hand valve installed on the 
transmission line. The effect of wind speed on the experiment is not considered. 

Ice blockHeater

Vapor reservoir

Vacuum
chamberManual

valve

Ｍ

Vacuum
pump

 
Figure 4. Schematic of the vapor generation device 

2.4 Image acquisition system 

The image acquisition system is used to measure the thickness of the frost layer and observe the 
morphology of the frost. The system consists of computer, image capture card, microscope and CCD 
camera (shown in figure5). The microscope is produced by Bo Hong optical instrument factory (the 
optical magnification can reach 4.5 times). The experiment uses the critical illumination for better 
observation. The light source has enough luminance to ensure the brightness of the image with no 
distortion on the frost surface temperature. The frosting image can be transported to the computer by 
the combination of photoelectric conversion and upper computer program. The change of frost can be 
recorded by the image capture card and be real-time monitored on the display. 

object region

computer

microscope camera

display

CCD

  
Figure 5. Schematic of the image acquisition system Figure 6. Image of frost structure by CCD camera 

In the experiment, the camera has two directions: the horizontal one is used to observe the 
thickness and structure of the frost while the vertical one is used to observe the distribution of 
preliminary frost crystal formed on the cold surface (Shown in figure 6). 
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2.5 Data acquisition system 

The cold plate, whose material is T2-copper, is shown in figure7. The plate is 70 millimeters in height, 
which are divided into two parts. The upper part of the cold plate, that is 50mm height, is the copper 
block. The top surface is used to frost, and the rest surfaces are arranged for the heating plates whose 
outside surfaces are covered with 10 mm thick PTFE insulation board to reduce heat leakage. 

There are four thermocouples inserted into the holes to measure the top surface temperature, the 
other four thermocouples to measure the temperature of the block at the position of 20mm below the 
top surface. The lower part of the cold plate is the cold box, in which liquid nitrogen evaporate and 
cool the upper copper block. 

cooling box

heater

thermocouple hole

copper block

frosting surfacehalf thermocouple hole

LN2 inlet LN2 outlet  
Figure 7. Structure diagram of the cold plate 

From the above, we can obtain the temperature of the copper block, the top surface and the frost 
layer. Based on Fourier’s law, the thermal conductivity of the frost can be calculated with the copper 
thermal conductivity known.  

3 Conclusions 
This paper introduced the principle and structure of the vacuum cryogenic experimental platform in 
detail. This experimental platform is aimed to study water vapor desublimation phenomenon. Through 
the test, the experiment conditions, including the cold surface temperature, the vacuum and the flow 
rate of water vapor, can be controlled accurately. The measurement system has the ability to observe 
the morphology of the frost and measure the thermal conductivity of the frost. 
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