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Study on Interface and Sound Pressure Characteristics of Direct Contact

Condensation of a Steam Jet
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Abstract: Direct contact condensation of a steam jet in flowing water in the pipe will cause intense
interface oscillations and sound pressure oscillations. In this paper, a high-speed camera and a
high-frequency hydrophone is used to capture the evolution of the jet interface and the induced
sound pressure. The radial and axial oscillations and sound pressure oscillations of the jet
interface under three typical condensation regimes is studied. Probability density function of
sound pressure fluctuation shows a left-skewed unimodal distribution under the Chugging regime,
a bimodal distribution under the Oscil-1 condensation regime, and a symmetrical unimodal
distribution under the Stable regime. The intensities of the interface oscillation and sound
pressure oscillation decrease as the steam mass flux increases, indicating a strong correlation. A
jet penetration length prediction model based on the sound pressure parameter is established, and
the error between the predicted value and the experimental value is within +=1%. Probability
density and correlation analysis provide quantitative confirmation that the sound pressure
oscillation of steam jet condensation is caused by its interface oscillations.

Keywords: steam jet; direct contact condensation; interface oscillation; sound pressure distribution; jet

penetration length

ks H ). 2024-02-07, EE TS HorA986—) . H . MBEE . HHASM., HEWH. BEREARE %4 %P
H (52076175,
W 2% R [A) . 2024-04-18 P 2% HY R B IR : https: // link. enki. net/urlid/61. 1069. T. 20240417, 1138. 005



509

TR o A5 R VRIS UL B M 5 65 ) ST B 7 TR R 31

ZEVRI TR 4 A o Ve K U T Y A i v Bk R
A AL AR TR e SR B Tz D T A% S HE
KN 2R GE WA BE R T R S LR R
ISR A S AL R T Se R 1 i He AN AT 36 , Ui
ok i R K B 0 2 %o = A I v 8 VRS TR L A R
IRV Ak, SR 05 50 HE M 1 =AU S ik AR
S TA) A B A SO R S e b B 4 2 7R
G5 ZUS T3 Bl 25 5 | S V4R 2R TR A8 B R G 75 A A
Fog MR B SHLHE I Ik 3h . PRtk TR A2 59 0
BELH 1R ST A AT o o) P 4 S M 7 ) 7 AR AL B T
P R ST SENE B O 2 4is AT A B 3,

SRR S ZEVRK Y L o B 45 R R T IR
— i S AN [ A 2 T % 4 3R o AR BRT O 7 R ) 5 A
HEAs 1 B AL Py BRAL I R T 5 T AR E
T FE R AR B A . B IR R
A sk A ATE B 5 n] R T A TR B B UK K
BUERE  HW U AR T A8 2 302 AT SR A Y ik
MmN EAEST, HILZ T, KEAREN
YN A7 o G S 220

3 o F R 28 VR K T b 5 ) ML S
TEPE SR AR L BB — BT 2 A
Y IF 8 SR e fal B 248 A & BT O v, T TR
SR TR T il B 5 Y S 0 O O R ST Rl R
I LA Z 157K AR DRy S 5647 JoT 1Y) R SR 35 45 552 30 2
I T A ST U S I T A BE G Y S A
MR . 7F 30 UE 52 30 B8 5 R R Y — Bk s, AT
A7 AW AR A Al B 5 2o AR ) BB AU 5T

Xof R[] 7K it Y B 28 VRS D B A T AR AT O
Chan Fl Lee™ 7§ R € 37 TR 2% 15 50 o I B T 28 9%
S FE L ¥ K b v i BE 25 B B, Weiland Al
Vlachos %55 % B I Y 12 A2 A T 764 79 o L A6 9
B, Khan %7 & SUASER 2 09 5 00 50 10 LA B 2 7
X FEE IR . X T 28 VI AR 45 T Y8 K i
) LR R A R 5 G AR, X Y R BT 4 FhOR TR Y
BESS IR A, B A FR 8 18] #HR 7 . A R E AR
(Oscil- 1) AT E R IE AR 7 (Oscil- 11) FEE & 5t i
BELS . MO TEST R BES R D, S T R
JE 3 Dk gl K W P R A . 2 MR BB 2 S Y T ) e
PR — A SRR T ERE S EA
AR IR T BOE T R G R AR el A A 2
WM. SSBEERE LR LR RS ZE
P AT RGA . X T 9 RSG5 1 e T
P Cho S5 K I 7 HR35 41 W 7 516 ik /K i 2% 1 1
T, #E 60 °C Al 80 °C Ze A7 ik 2 W {H, SR ) SR B

http: // zkxb. xjtu. edu. cn

Hong &5 WFFE T 450 8 2% 1500 4k L 380 T 5 O BB 45 Y
Ji 3 % MR OK 2 B AL . 5T R AR IR
BB /N T 300 kg/m? « s W TR 79 3005 23]
Jo A RAE L, S RO B . R T A IR AR %
R 2 () 9 9 D 4R 3% Xu 5V RGE i oE T 4 Fhit
T BEAS BN 9 s 7 4% 3 B P 18] 22 A R B e
A8 IR R 0 R 3R T o A R B R T AE S [
KSRGS 6 1% 5 18 B Je 2 M00R 1 1Y)
AAE R . H R 0 A8 TN IR R N s Y
s e @Yoy, SR, DA STk L2 7
G W BT

55 0 A I s A I 2 Y R A5 5 A TR K W 4%
TR AR 25 T A4 A5 A0 L A £ AR S A R e
WA o 7K W 8 A 55 O O A8 0 AT R A 2 T 5%
B Ko AT B T AR R R O A R T Bk
W R A I A R R Y e — xR
W TR AR RTSE  R VF 2 2 R T A AR S
ZMA RGN SRS K RGEAT M AT TS,
Ajbar FEH T AR X ST AR L I SR 2
PEAT T BN . Kd e A 45 R L 7S I R AE
U U 3 P 3 s AR 2 O R A — s B aE
Al-Masry 8§00 SR ] R 2 T I A5 5 A 25 5 1 T
E XA I B B R R AT T RO B S A
R, P A A B T R Sk B E S R A
R S HY R/NHIR G5 W00, S It o6 4% ok 7 1 Bt
S AR S Al B U AR L SR T BB L B KSR AT
N o PG SR 7R 2 A5 5 0] 55 i 35 405 5 e Y R SR T
HALAT AT RAL 2 — Pl HA 0 T B X
77 Th A AR G RO ST T

S AR SCHER AT BB B T 28 O R BE
LR SRT S S - e S R B 2 SO V21T )
IF 5T B I 75 2 055 o S0 37 258 45 AH SR 1 3 A AT oA
AL o AR SR v 8 A5 A5 LA 412 S 0 9 T ) I 2
HALAT Sy F R P AR AL B R 52 O 52 31 56
T8 200 R s A3 K T i AR AT 55 0L B 45 0 5 N 1Y
FORAG B s B B IT T B Y B IR v S R s
PR 7 BN TR SCHK 5 1S TS0, S S 5 It W 2
AP Y B TE A5 R4 78 1 28 1N U U o P e
f 7 HE LB Sy R — 28 o M B T B A AR E PR R A T
I

1 e RGNk

1.1 HRHREEEMRELRRS
ZRRIT I E AR B LS SR R G 1 R




32 W % oz M

PN

58 &

R ARG LT 5 BRI i VKR ER R G LR
TPERE R ST I B Bl R AR R R R A &
Gi. iV KA IR R G0 R K AR BOK S SEBLE Ve K1Y
A0l SRR o AR V8 R IR PR i b2 A7 11 1 L
REBE N 0.5 00 i Jo 0 31, 20 0l T o v KU
(10 345 I o AR R B B A T AR A i A
o IR R I AR i AT Ve BN T e v K T BE

BEE

lld

BT

kit
it

kB

et B

P
Bl 1 ZER A H il s sl R s B A

Fig. 1 Schematic diagram of steam jet direct contact

condensation experimental system
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Fig. 2 Schematic diagram of test section and geometry of the

nozzle
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Table 1 Experimental parameter settings
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Table 2 Relationship between steam inlet pressure,

temperature and steam mass flux
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0. 64 162 550
0.70 166 600
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Fig. 3 Digital image processing technology

http: // zkxb. xjtu. edu. cn

WS R LA, 58 BN PER 4, B A
Dz AR E B AR — DR RN ALE ., B 2
A AR AN B R 8 T AR AL B R ppere AR er.. P38
ARG E AR R

Ruppere = BiR pperre.: (D

Rlower,z - szlower,:.l (2)
K by HEMR LR R T 5 AR A, A
ki = 0.083 33 mm/ 8 F .Ruperci MR ouer.s
DB PR b R SR AR A E R R Z A,

SRR SR B T e A B LRIV S O e S B AT
TR E

L = kL, (3)
Ko, L R A KR g R M,

2 HRETHE

2.1 ERHRBRENABERUITARFESS
SR S TR A S Ak 2 22 R R ) AN ZE YRR
U LV KR B S R, % Xu
TEDL AR 53 b0 22 55 M AN [A] 356 205 U A 289305
TP B B LA R IO G TR 7R R A A 2R R pR A
(PDE) 3 4 22 5, A% SCHE T 78 1300 12 I o 0 468 445 ik
IR 328, MG, N 50~100kg » m? « sl
R ) BREBE LS T T AE RS VB R AE R NS
BEERRR A2 T o B U AR TR B H i
H 7 9 PDF 434 oy BH 09 22 I B0 7 A . 2 G,
9 150~200 kg « m* « s VA, H B I R 5 BE 4 R
A, FESHERG RN 28 VR 2 T I T A 5 g
W AR R X A R AN B NP AR 7% . i
AU By e it 2k Sy PR MR AR Y T 5% 0% s R 2L HOS R
) PDF 28U, 24 G, N 250~600kg * m % « s
B, AR B LS A . FERR A AT, i AR AT
IR FE— AN JLF- R 09 A1, 75 R 8 3 i B /DN, 3
PDF 4342k 0 kPa Fff 30 09 X3 PR LIS S3 AT . 24 G R
100~150 kg « m™* « s~ ", HELS T TR A (] R iR 357 o Y
MR IR RAE ., B G N 250kg e m P o 5!
A, 356 45 Ui 780 DA THT R 957 3 W e A SRR T B
WRVEELS AT 0 A AT A SR R an A 4
FR . FEMRBREELS AL T , 8 PR AN EE AR 5 52
T SRR TR B A S g T, R T v Ak il
LA 4 o) B 7R SR BT Yl R 5 R RS 0~
1. 98d. s oYK B 40, 47d. . 583t T =~ 0. 19d. 1Y
) FEm R . 0T LA b2 3 AR B A2 1) B T Ak
VTE 0~0. 65d. 1 FEN, H B4 EE 0. 13d.
R A AR AR 0~0. 94d,, FH K E R
0. 26d, ;P HB AW B4R M 4R b —0. 5d.~0d. , F
IR R —0. 42d. s P b R A AR R




34 W % oz M

PN

58 &

Az W 25 S 0 T A v KOG AR A G 1) ok L T s
TR K ] R 0 25 A 7K A RS A 25 51 .
Bl 4(b) iR o T ad v 7K 28 SR8 1 5 -5 SO IS 1)
PR g A IR 78 ORI AR RO R R 3
BN . BT R YR % ) PDF £ 0 kPa [ff
I B P A A e BV A A, AR 5 Ca) L5 () T
e MPE Xu LA AL, B R R 3 0T DL i
W Ay By ) SO AU A B, B GCAS A5 78RS i
HAULA o AP A T A9 il 1) 4% 3% 19 PDF 43 A Al ] 3
it GCAS BERUKS s U753k 3 i .

80

|
o®©
(=}

0 5 10 15
t/ms

f=}

15
t/ms

Ca) [ R 4R 7 U B0 0 S I AL . (b)) TR AR 3 O 284 19 7 s 5 3

L—R

upper — Riower

2 2 40

To T <

N 1T 2 o0

= S
0 0 -40

-1 : . -1 -80 )
0 5 10 15 0 15

t/ms t/ms

(o) FHHIHR ¥ U L 09 LT AE (D SR TR 91R 35 O B4 ) 7 S 0 B
3p—L— Rupper — Rigyer]3 80
2| 2 40

T & T <

N 1T £ 0

~ o A
0 0 -40

-1 L L -1 -80 1 1 3
0 5 10 15 0 5 10 15

t/ms t/ms

(ORERG MMM A mEA  (OFRRE RS R W R sh
Pl 4 M TR 28 G TR A SR TR b B 7S s i 3 R A
Fig. 4 Interface evolution and sound pressure fluctuation

under typical condensation regimes
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Fig. 5 PDF of interface evolution and sound pressure oscillation

under typical condensation regimes
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and sound pressure oscillations with steam mass flux
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