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Study on hypersonic boundary layer liquid film evolution and cooling
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Abstract Hypersonic liquid film cooling technology is to press out the cooling medium through
a series of slits or holes, creat a low-temperature cooling film in the boundary layer of the surface
of the aircraft to prevent the aerodynamic heating of the aircraft by hypersonic airflow. As an active
cooling method, it has great application potential in surface thermal protection of hypersonic vehicle.
In this paper, numerical methods and VOF model are used to study the spreading of liquid film at
25km flight altitude and Ma5 airflow. The evolution process and cooling mechanism of liquid film
on a flat plate are discussed through the incident velocity, Angle, surface tension and viscosity
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coefficient of different cooling medium. The results show that under the action of air flow, the liquid

film develops downstream to the wall surface, the existence of the liquid film leads to the boundary

layer separation, and the continuous liquid film will be broken into liquid blocks at a certain position,

and then further broken into droplets. The change of incident conditions and liquid properties will

affect the development of the liquid film along the flow direction, which is manifested in the position

of the fracture point and the thickness of the continuous liquid film. Within the computational

domain set in this paper, the wall heat flow is reduced by 80~95 percent, and the cooling efficiency

of the liquid film on the wall varies with the the change of the liquid film morphology.
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Fig.3 Liquid film morphology under three refined
meshes:(a) Continuous liquid film under three refined
meshes,(b) Liquid film fragmentation under three
kinds of refined grids
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Table 1 Operating parameters

Incident velocity  Incident angle

Surface tension

Kinetic viscosity

(m/s) (9 (Pa‘s)
1 0.2 14.0 0.072 le-3
2 0.4 14.0 0.072 le-3
3 0.6 14.0 0.072 le-3
4 0.8 14.0 0.072 le-3
5 1.0 14.0 0.072 le-3
6 0.6 11.4 0.072 le-3
7 0.6 18.4 0.072 le-3
8 0.6 26.6 0.072 le-3
9 0.6 90 0.072 le-3
10 0.6 14.0 0.048 le-3
11 0.6 14.0 0.096 le-3
12 0.6 14.0 0.072 0.75e-3
13 0.6 14.0 0.072 1.25¢-3
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Figure.5 (a) Morphological evolution of the liquid coolant film on the wall,(b) Morphological distribution of the

continuous liquid film
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Fig.6 Velocity and pressure evolution with interface
time:(a) Velocity evolution with interface time,(b)
Pressure evolution with interface time
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Fig.7 Morphology changes of liquid film at different incident velocities
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Fig.8 Morphology changes of liquid film at different incident velocities
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Fig.9 Liquid film morphology at an incident Angle of 90°
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Fig.10 Morphology changes of liquid film under different surface tension
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Fig.11 Morphology changes of liquid film under different viscosity coefficients
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Fig.12 Changes of breaking distance and liquid film thickness with incident conditions and physical parameters:(a)
Breaking distance and liquid film thickness at different incident velocities,(b) Breaking distance and liquid film
thickness at different incident angles,(c) Breaking distance and liquid film thickness at different surface
tensions,(d) Crushing distance and liquid film thickness at different viscosity
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Fig.14 Temperature clouds and phase interface of continuous liquid film section:(a) Temperature clouds and phase

interface of growth section,(b) Temperature clouds and phase interface of destabilization section
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Figure.15 (a) Temperature cloud diagram of a plate without liquid film,(b) Temperature cloud map before liquid

film breakage in working condition 3,(c) Temperature cloud map after liquid film breakage in working condition

3,(d) Temperature cloud diagram after liquid film breakage in working condition 1
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