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Heat and mass transfer characteristics of submarine
cold-thermal wake in the infrared detection
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Abstract: The three-dimensional model of 1/72 LSII nuclear submarine was established using the finite
volume method, and the simulation of high-speed rotating propeller and temperature-density stratified
seawater were realized combining the frame motion, user defined functions and physical polynomial
profile. Based on this model, the influences of factors such as high-speed rotating propeller,
temperature-density stratified seawater and high-temperature thermal spray on the heat and mass
transfer characteristics of submarine cold-thermal wake were discussed. The results indicate that high-
speed rotating propeller induces the increase of backward delay distance of thermal wake and the
decreases of sea surface temperature difference. Ignoring the rotation, absolute error and relative error
of sea surface temperature difference is 3. 23 mK and 52. 7% respectively. Cold wake signal is formed
by the rise of temperature-density stratified seawater which is disturbed by underwater navigation

submarine., Compared with temperature-density uniform seawater, temperature-change area increases
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significantly and wake temperature difference rises from 6. 13 mK to 84 mK. Existence of underwater
navigation submarine can be judged by the cold wake characteristics in the upstream sea surface; if
submarine exists, its position can be inversed precisely combining the thermal wake characteristics in
the downstream sea surface. The above results can provide reference for optimizing the simulation
accuracy of submarine cold-thermal wake.

Key words: thermal wake; rotating propeller; temperature-density stratification; heat and mass

transfer characteristics; finite volume method; infrared detection
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Fig. 1 Model and grid of 1/72 LS]l nuclear submarine

(User Defined Functions, UDF)

T(2)
T(z)=292.416 65+0.166 7z, (1

: 2 s m

[—0.5m, 0.5m],

Fig. 2 Boundary conditions and dimensions of external

2.2
SIMPLE RNG ke
, 2 o
2
flow-field domain
(Polynomial Profile)
p(l):
p(ty=atbitct’ +di' e’ + [, (2)
ot o
(2, )
o(T)
o(TYy=A+BT+CT*+DT°+ET'+FT°,
(3

:T ’

1 o
1
Tab.1 Polynomial function coefficients of seawater density

/C /K
a 999. 842 594 A —1.836 246X 10"
b 6.793 952X 107* B 3.072 812X 107
¢ —9.095 290X 10°* C —1.960 851
d 1.001 685X10"* D 6.289 013X10°*
e —1.200 830X10 ¢ E —1.012 783X10°
f 6.536 332X1077 F 6.536 332X1077
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Tab.2 Calculation parameters’selection of simulation analysis

h/m V/(mes YD /(temin ) V/(mes ) T./K

0.5 1.0 2400 0.78 343

3

Tab. 3 Physical parameters of temperature-density

uniform seawater

3

T/K o/ (kg/m*)  ¢/(J/kg+ K) 3/ (W/m+K) n/(Pa+s)

292.5 998. 327 4182 0.6 0.001 003
3.1
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Fig. 3 Effect of propeller on temperature characteristics of sea surface thermal wake

4

Fig. 4 Effect of propeller on temperature characteristics of navigational section thermal wake
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Fig. 6 Temperature distribution of thermal wake on the

central axis of navigational section
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Fig. 7 Effect of stratified temperature-density on temperature characteristics of sea surface wake
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Fig. 8 Effect of stratified temperature-density on temperature characteristics of navigational section wake
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Fig. 10 Effect of high temperature thermal wake on sea surface temperature characteristics
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