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Abstract: In order to address the research gap in steam-seawater interactions and evaluate the feasibility
of using seawater as a coolant in marine nuclear power systems, the pressure oscillation characteristics
of steam low-velocity jet in seawater have been investigated. The motivation stems from the fact that
seawater, covering 70% of the Earth’s surface, offers practical advantages over freshwater for long-term
maritime operations, yet its impact on steam jet dynamics remains poorly understood. The experiments
focus on comparing pressure oscillations in seawater and freshwater under varying steam mass flow
rates (20, 40, 60 kg/(m?s)) and water temperatures (30-90 °C), with the goal of assessing system safety
and performance. The experimental setup consisted of a steam supply system, a stainless-steel water
tank, and instrumented nozzles equipped with high-frequency dynamic pressure sensors (sampling rate:

20 kHz). Steam was injected into seawater or freshwater-filled tanks, and pressure oscillations in both
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the nozzle and tank were measured. Time-domain and frequency-domain analyses, including fast
Fourier transform (FFT), were applied to characterize oscillation intensity and frequency. Repeatability
tests confirmed data reliability. Key findings reveal that steam-seawater jets exhibit pressure oscillation
behaviors similar to freshwater jets but with notable differences. At low steam mass flow rate
(20 kg/(m?-s)) and temperatures below 60 °C, seawater jets produce stronger oscillations due to higher
density, which reduce pressure wave attenuation. In contrast, at higher mass flow rates (40-60 kg/(m?-s)),
nozzle pressure oscillations converge between seawater and freshwater, while tank oscillations in
seawater show nonlinear trends—initially stronger but weaker at elevated temperatures. This shift is
attributed to smaller, denser bubbles in seawater, which enhance pressure wave scattering. Frequency
analyses show that both systems share similar dominant frequencies (10-200 Hz), decreasing with rising
temperature due to slower bubble collapse. The study concludes that seawater can alter pressure
oscillation intensity but does not significantly affect frequency patterns. For marine applications,
seawater’s higher density may amplify low-flux oscillations, but its bubble-suppressing properties could

mitigate high-temperature effects. These insights advance the understanding of steam-seawater jet
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dynamics and support safer design options for marine nuclear cooling systems.
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Fig. 1 Schematic diagram of experimental device
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Fig. 2 Schematic diagram of water tank temperature and
pressure measurement points
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Table1 Measuring instrument parameter and
parameter uncertainty

e HEe 2 MR AT E %
Pa R IR U ZIE 30~360 m¥h 44
ERBIRAR T W 8~60mYh 4.4
T T AL ZEVRIRLEE L K —50~350 °C 1.0
FEI s ZEIES 0~1MPa 1.7
ERANASE NGRS SIS 0~2 000 kPa 4




1038

BT RRERA 598

20 kHz, 1 JCRFERTA] N 20 s, 3 2 3 K SR
V&7 iopon=an

R2 20 C TiBkGRAMIELHITEL
Table 2 Physical property comparison of seawater and
freshwater at 20 °C

SHUE
MKGRE 3.5%)  IRAKGERE 0%)
B, kg/m? 1024911 998.015
Vo PR, k/(kg:C) 3.999 4.184
MK 77, mN/m 73.519 72.736
Fh, mPa-s 1.077 1.002
1.2 ZIEAbIE

3 A B0 A R ) A S I £ A5 3 1) R T D
G TR AR IR RS B R IR G R . YR
AT BN 0 B A J1F 5 43 A E AT B 3R ) Ab
B, AERFSE B ] B3 R i Rl
Drnax PR/ IME proa FENE WA R 1IR3 A8

Pmin = min[p(m)] ey
Pmax = max[p(m)] (2)
K, p(m) 5 m AEE XN R TT, kPa.

FEAR I L, 3 o X SR Y B 3 R S
AT Pk il Bk AR 4 (FFT) , 1A A5 55 5 6 s
W55

N-1
. 2mm
pm)="> " p,e N" (3)
n=0

Ry VA S 5 B B AT AR, AR SCHE ZE VR B B
WA 60 kg/(m?s). KN 60 C 44T i#k47 T
FE M &3 7 PR S50 9 ) 3 3 A 43
Ao FR R 3 AR, TR SR 8 A/ VAR I, A

125 ¢

a RIS
- - - ARV

100

75+

50 ¢

A J1/kPa

25+

0F

=25

0 1 2 3 4 5 6
fi iRl /s

AL R V), X RUIA SIS R A R
bR E RN, HAE s 5

2 ZWERESH
21 HEEHNES

M YRT B L A 20 kg/(m?-s) Bif, 257 At
N7 3 /N T 78 VR IV BE SR 8, WA N R ) TR
AR B0 K B A P o B I N 2R TR R
ey, HE SRR, M78 7R 1 R FmiE W
VRORE B VA e ) R A P 4t 7K i R IR
W o AR T K 23 ALK R A P, P
TRV 23 A A RN K Tt P 328 B, S 1 B
BENGEZWE 4 FR. hE 4 mH, RE=RE
TR K ST, 0 28 VR -TR K S, 7K it 9 1 3h 245
J 73788 Al 3 5 3 0058 U8 B 0T A B 22 S SR (L 1Y
FRAF o 3% 2 P Ry X A 1 %) 30 R I V8 B A, 2%
TEK b PN 7= A — AN 1 R 7 bk ol TG S A 1
A b 7K B I A B H R 7 K i P S R
SN TS N sh A 7, 281504 b

35 77.70 Hz ¢e 81.20 Hz
3.0 :
— WK |
SRR Sy SR
g 201
=
R 15
H
1.0
0.5
0.0 -
0 20 40 60 80 100 120 140
$ii/Hz
&3 H A S g A,
Fig. 3 Reproducibility test result
1300y, — RO
. “ﬁ"’:-".J NSRS
12001 n 7K
900 |
&
5 600 |
4]21 300 |
=5
0F
-300 |
—600

3 4 5 6
[t i) /s

a— KN b——BEE N
4 JKiE 40 C FZE I N 20 kg/(m?-s) I Y 8h &K 1155
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