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Influence of the discharge port structure on infrared characteristics of

underwater vehicle thermal jet
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Abstract: The circulating cooling water of the underwater vehicle power system discharged from the discharge
port, mixed with the environmental water for heat exchange and formed the thermal jet. The thermal jet diffused
and floated in the environmental water and forms infrared characteristics on the surface of the water. In order to
explore the influence of the structure of the discharge port on the infrared characteristics of the underwater vehicle
thermal jet, this paper used the method of simulation analysis and experimental verification. Based on the CFD
calculation software platform, the motion model of underwater vehicle was established, the structure of different
radius-ratio oval discharge ports was designed, and the infrared characteristics of thermal jet were compared. The
influence of the radius ratio of the oval discharge port on the infrared characteristics of the thermal jet was
verified by the scale tank experiment, and the authenticity of the simulation calculation method and design
parameters was verified at the same time. On the basis of oval discharge ports, the number and distribution
position of discharge ports were further designed to suppress the infrared characteristics of thermal jet and

improve the thermal stealth performance of underwater vehicles. According to the simulation calculation and
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experimental results, under the condition of the same discharge flow, the smaller the radius ratio was, the better

the mixed heat transfer effect of the oval discharge port was, and the less obvious the infrared characteristics

were. At the same time, increasing the number of discharge ports and adopting the symmetrical arrangement of

discharge ports could further strengthen the temperature attenuation of thermal jet and reduce the surface

maximum temperature.
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Fig.1 Grid division schematic diagram of fluid computing domain
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Fig.2 Grid independence test
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Tab.1 Structure parameters of different radius ratio

oval discharge ports

Number Radius in Z-axis/m  Radius in X-axis/m  Radius ratio

Str 1 0.004 0.025 4:25
Str 2 0.005 0.02 1:4
Str 3 0.008 0.0125 16 : 25
Str 4 0.01 0.01 1:1
Str 5 0.0125 0.008 25:16
Str 6 0.02 0.005 4:1
Str 7 0.025 0.004 25:4
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Fig.3 Structure diagram of different radius ratio oval discharge ports
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Fig.4 Flow streamline of thermal jet from circle discharge port
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Fig.5 Local velocity vector diagram of thermal jet from circle discharge

port
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Fig.6 Surface temperature contour of thermal jet from circle discharge port
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Tab.2 Surface temperature value of thermal jet from

different radius ratio oval discharge ports

Peak temperature/ Diffusion distance Diffusion distance in
Number

K in X-axis/m Y-axis/m
Str 1 293.071 2.152 0.521
Str2 293.109 2.140 0.580
Str 3 293.101 2.119 0.539
Str 4 293.148 2.138 0.794
Str5 293.100 2.129 0.541
Str 6 293.152 2213 0.586
Str7 293.196 2.333 0.589
zZ
t e
@m.. Y
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Fig.7 Flow streamline of thermal jet from radius ratio 4 : 25, 25 : 4 oval discharge ports
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Fig.8 Experimental diagram
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Fig.9 Experimental pool
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Fig.10 Controller of trailer platform
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Fig.11 Model of underwater vehicle
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Fig.12 Trajectory of thermal jet from circle discharge port
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Fig.13 Surface temperature contour of thermal jet from circle discharge

port
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Fig.14 Surface maximum temperature difference of thermal jet from

different radius ratio oval discharge ports
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Fig.16 Flow streamline of thermal jet from discharge multiport
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Fig.17 Floating height of thermal jet from discharge multiport
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