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Investigation on Acoustic Characteristic of Direct Contact Condensation
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Abstract: Bubbling deaeration is widely applied in marine steam power system (MSPS),
and direct contact condensation (DCC) of steam injected into water under low sub-cooled
water is the thermodynamic foundation of this technology. The deaeration process
involves complex thermal and hydraulic behaviors, such as violent turbulence, interfa-
cial mass transfer, and multiphase flow etc., which induce significant pressure fluctua-
tion and radiated noise. And it is an important element affecting the acoustic stealthiest
of marine. In this paper, the two-phase flow regimes and acoustic characteristics of DCC
of steam injected into water were studied for sub-cooled temperature ranging from
2.8 C to 14.7 °C. It is found that both the steam mass flux and the sub-cooled tempera-

ture have significant influences on steam plume behaviors. Wide-band noise was
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observed during the low sub-cooled DCC process. Low-frequency component occupies

the dominant position of radiated noise at very low sub-cooled temperature conditions.

The contribution of high-frequency noise increases gradually with sub-cooled temperature.

Key words: low sub-cooled water; direct contact condensation; steam plume pattern;

acoustic characteristic
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Fig. 1 Schematic of expriment system



S & BAE AR R I ARIROK T R B R ik vR BE A R R 1397

i AT i 2R /I8 O B 28 90 A 00 R ) MR
TR TFIA AT ST a e E AR S b 478
PR BN Ve BEJA IR 1] 28 IR A A 3 B LI L 23R

RIS T 28 VAL TR RDIR A o S50 28 4 A ) 4
A EES R T %R 1.2,

SVE S SO b 2R R Y — 2 i 2R ®1 XRAFEIRSH
ig*l] e JFG %B 1) 5 % T E% , ) 45 7/?\ Bt IS 5 Wk Mg Table 1 Main parameters of experimental system

R B 4R T T IE 28R RV RIS b 2 Bl
BIRE T B B 22 . FE 2R VUE B U %S AR mm
AR RE VA AN R B R 2 R R O WEE £ 7 mm 6
ARIBORH 5% 07 B 14 3t J3E 2 00, A r 4] o P i 22 4
MK HRE o bR G Dk 2D S 56 2
TR ZE R SR EOR . AT SRR KA A
B E A BARE R AN R G FORS A R K A R
BEETT . SeEe R GBI R IR RLAF L IV R
YAl B Jorn A DA A 2% i) 20358 1) A B PR OK AR A

1 200X 1 000X1 500
FEIRR M  keg/ (m? « ) 9.2~231.1
KA. C

A F 7517 J1 . MPa

2.8~14.7
0. 24 5%t K F7)
S IK AR R J7 s MPa 0. 05 (4%} & 1)

T % VA JE L mm 1000

K2 RENEMNBREFESH

Table 2 Main parameters of experimental measuring instrument

WAL 2R 5 g LR+
P T R 0~350 C +0.5C
Wik WIES 0~0. 4 MPa 0.4 %
7SI g WMS-40P2]2L.2MO0 —0.1~0.2 MPa <0.25%
1 8800DR010 0.7~26.8 m/s 1.5 %%
U B&.K 8105 0.1 Hz~100 kHz (—205+2) dB (BF/H 1 V/pPa)

S AR A D 2R T IR 1 S
JK A B 28 PRI AL Bl e A B U A I TR
T3 S I ZE VR B B W 2R
PUTE S 56 /KA H A 1P R O 25 30 1 R 6 A M P A
O o fil Bl AT AR AL SR A8 R B R A L T g ik Sl %
SRR R S AEUK T g S5 T B ) RO R
BB S R R ERE BEAT I. H ROH
U 2R SR 7 S 96 7 A RS 00 T O R B L —
N0 7o T B AT 48 L 5 — MU O PR AT O 9 T X
AT o A BT AR ORI S R
Gy B Ak A B S S 2 B )
AR R R G 2R TE G R At b o 368 e 00 M P A IR
SRR AE 9 23 BT » HE— 20 i 7 i G P 2 R R
LIRS E PR Z 18] ) N TE G HK

2 HERSW
2.1 RPRMBEL

ZRTCRLK T W3 7 2k A IR %% 52 5 K
R LR Y A2 W S8 S B S R

I T v FEAR V2 BE e FARE D B Rl v
TS KR W55 Bl Ty 2 B3Rk i L Ak
ST . B 2 HAERBIEE ) 0.2 MPa
(Z % e 1) VS5 K 46 7 0. 05 MPa (48 5%
I R EE 6. 9~7.5 CH AR A H 214
T N P B AL R . B a AR
Hiffsl IRPIGFE I, Al A I A H 2835
TR I IN RCRIE S KB IR B Rk

2.

b

RBEFE 9. 2 kg/(m? « ) (& 2a) ,
ZORB WA 5 DLIR 5 VO B 7 i h 2
B, Vo B R A AE VR0 3 T8 5 U 3 % i 1) A S
T o DG s 7% VR0 I0E 3 dak et 0 SR 3 R B S AR /N
VAL R KA G e 5 A B ) 221
PR VRIAR R 46 I K 5 Bl B Vi R B K
VR7K 2 AH 5 TR 38 0 ¥ R o R A ORI AE
KRBV R RSP G B s . AR 22 ) 0 i
03 FHAH ST ¥ B 0 O TR TR S VR 2 i
M A SR R I R VRO AR 2 R



1398

JRTRERLERR  RSAE

0=—3.2°,1=18.3 mm

0=1.2°,[=35.8 mm

0=4.5°, [=55.9 mm

P2 O [ 2 905 L T AP L B 9 Ak

Fig.2 Steam plume patterns of different steam mass velocities
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Fig. 3 Steam plume patterns with different sub-cooled temperatures
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