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(An Experimental Study on the Measurement of Water
Surface Discharge Temperature of High—Temperature
Bubble Injected into Cylindrical Acrylic Water Tank)
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Abstract Submarines, which require a high degree of survivability, are among the most
critical combat weapon systems in military strategic assets. Conventional submarines need air to
operate their propulsion systems. Exhaust gases released into the water during snorkel
navigation heat the surrounding fluid, producing a temperature wake. This wake, in turn,
reduces the submarine’s survivability. In this study, we conducted a preliminary experiment on
the temperature traces formed by an underwater submarine’s waste discharge. For this purpose,
we collected propulsion system and navigation condition data from domestically introduced
submarines and developed an experimental system to measure the temperature traces. As a
result, we observed that high-temperature bubbles injected into the tank broke down into
smaller sizes, and their temperature dropped to levels similar to the surrounding fluid. This
observation was confirmed using a thermocouple sensor. Consequently, the thermal imaging
system designed to measure the temperature trace of the water’s surface did not detect any
significant temperature traces.
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Fig. 2 Flow rate following air temperature
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Table 1 Information for model experiment

Item Specification
Power : 3. 7KW (5HP)
Compressor Pressure : 9bar(max)

Volume : 400L

Min : 20L/min
Max : 200L/min
Inside temperature :
above 650T
Diameter : 1m
Height : 4m(2+2m)

Flow meter

Heater

CAWT
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Table 2 Information of measuring instrument

Item Specification

Model : Mini UX100
Resolution : 1280 x 1240
Frame rate : 4000FPS
Model : A655sc(LW)
Resolution : 640 x 480
Frame rate : 50FPS
Model : X6540sc(MW)
Resolution : 640 x 512
Frame rate : 50FPS

High speed cam

Thermography

Weather station

Thermocouple Model : Orion LX
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Fig. 3 Flow rate following air temperature
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Fig. 5 Thermal image at water surface
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and water

- 103 -



An Experimental Study on the Measurement of Water Surface Discharge Temperature of High-Temperature

Bubble Injected into Cylindrical Acrylic Water Tank

4 A% 2 dl FA49 258 A A
#glol oF 12 TE AFHJOHW, 25 AA 9
oA W U AolE Rtk gy FHo
2 EE VA 2Ee 27 9 #A49 &
web 22 16 T7F H AL Agte] Aol whet
AH 2 U fAe 2x9 2 12 T2 9
b= As Eelskh

ka2 U2 F9E 450 To A=
T

Ask EFstel FAS fAE 12 T2
om WEHE Ae FAs

o
By
fl
o
of
K3
U

= N

42 ro
Hoy
T m 2
my 4y lo
o
of —1>'
§§ =)
o =z
oy
e o
k1
Q
r_“ Jm, ﬂJE
1o o ¥

o
o,
Auk
ol
o
32

4]

=

H

°

i

=

ot A

o
o [N 12
~

o Mo ¥ do

FT N
>
_O‘L

. R

41 lo

v Holo
=
~N
oY
o,
=
i

A
32,
o
0.
>
i)

2
S| _1}, JFU
BN
tt
N

-

o% M g
b
rlo
~N
N
1o

[
Ry
k

rlo

t

¢

LR o
[
0
ri_‘l
S~

o b
>\
b =
Lo
32 -

-

e

AL

R

e

ot

o

>,

2,

3

o

ol

o X
R
rlo
~N
—_>'if,
rr

kA
BN
fr

e N
hins
i,

N
Ny
o &

B o
o e
o

5 04 oot
N o Moo
i re
4
o2

AR A5l AgEE O

A g wed, FF AFEs

2,
2 0 ol oo EH o yw ok

ﬂ
X
rl:l
4
o
o |o

35 A4 el &
). AvHow

2 rfo
Moo 2 1 o
X
A4 do B Ror

W

Gl o o (o ok 6F
o g A
“

=y

r2 et
4 o My o

i

AN
R

H

i

References

B. R. Munson, A. P. Rothmayer, T. H Okiishi
and W. W. Huebsch, Fundamentals of Fluid
Mechanics © 7th Edition, John wiley & Sons
inc.

G. H. Lee, S. T. Yoon, Y. J. Cho, (2023). A
Feasibility Study on the Estimation of a
Ship’s Susceptibility Based on the Effectiveness
of its Anti—Air Defense Systems, Journal of
the Society of Naval Architects of Korea,
60(1), 57-64. https://doi.org/10.3744/SNAK.
2023.60.1.57

I. E. L. Neto, D. Z. Zhu, N. Rajaratnam
(2008). Bubbly jets in
International journal of multiphase flow;
https://doi.org/10.1016/j.ijmultiphaseflow.2008.
06.005

P. K. Jha, K. Karunamurthy, J. Das, R. Malik.
(2016). Study of Exhaust Gas Temperature
of SI Engine using Water Injection, [India

stagnant water,

Journal of Science and Technology, 9(35).

S. J. YL J. W. Kim, H. D. Kim, K. C. Kim,
(2008). Characteristics of Bubble-driven Flow
by Using Time-resolved PIV and POD
Technique, Journal of the Korean Society of
visualization, 6(1), 41-46.

S. M. Kim, H D. Kim, K. C. Kim, (2008).
The Measurement of Bubble Driven Flow
Using PIV and Digital Mask Technique,
Proceedings of The Korean Society of
Mechanical Engineers.

T.H. Gan, P. Hanhela, W. Mazurek, R.Gillett
(2010), Characteristics of submarine engine
diesel
environment, Journal of Aerosol Science,
https://doi.org/10.1016/j.jaerosci.2009.09.007

Y. J. Cho, (2018). A Study on the Sampling
of Ocean Meteorological Data to Analyze

particulates n the maritime

Signature of Naval Ships, Journal of the
Korea  Industrial
Research, 23(2),

Information  Systems
19-28. http://dx.doi.org./



Journal of Korea Society of Industrial Information Systems Vol.28 No.6, Dec. 2023 :99-105

10.9723/jksiis.2018.23.2.019

Sensitivity Study on the

(2018).
Infra-Red Signature of Naval Ship According

to the Composition Ratio of Exhaust Plume,

Y. J. Cho,

Journal of the Korea Academia-Industrial
cooperation Society, 19( 4), 103-110. https://

doi.org/10.5762/KAIS.2018.19.4.103

£ A H (SeokTae Yoon)

o
Ho

o
Ho

% €& A (YongJin Cho)

G
Ho Tor
Ho
5 P
~
;O_! ﬂm
lo =r
g H‘_
~ s
~
Nd
£ e
o o
= =
T =X m
GRS

o
Ho

O

o

~3)
N
o
e
Ho

B

Tor

o
1o
(e

"o

JJo

puzel

-
rvzel

K
ToR

op
4
1o

Tor
<R

o

- 105 -



