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Figurel (Color online) 3D diagram of the experimental system for steam jet condensation in a confined channel
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Figure2 (Color online) Schematic diagram of the test section and measuring point arrangement
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Figure3 (Color online) Probe of the dynamic pressure transducer
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Figure5 Dynamic pressure with different inlet water mass flux at Ge=
350 kg/m?s, T, =15, x/d:=19.8

—
L G,=250 kg/m® s

L G,=300 kg/m® s |
75} |

75+ A

1 " 1 L Il

" 1 i
L G,=350 kg/m® s ]
75F =

~150 I N 1 L 1 L L " 1
L G,=400 kg/m® s

75+ 4

~150 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05

t(s)

B 6 AFPEFUTE R TR FE(G.=12, 000 kg/m?s, T,=30C,
x/de=19.8)

Figure 6 Dynamic pressure with different inlet steam mass flux at
G,=12000 kg/m?s, T,,=30°C, X/d:=19.8
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Figure 7 Dynamic pressure with different inlet water temperature at
G400 kg/m?s, G,,=14000 kg/m?s, x/d:=19.8

1 N
i=1

BI85 T HE 7K ot i 3 28 % e g B ¥ 34 5 AR
Prvsi 5 M R Bl FE K BT 5 R A B I, prusTE
FRUE A X N AR, (HJE, WA E X iE A 5]
AFRREX LU, prvstVE 38 . M Ha] LIBH B A
7ET,=40°C, G,=10000 kg/m? sit}, prusZ -~ 13 kPa, ifij
24 G,=11000 kg/m? sitf, Pk AARFLE X, prusift
MG TN E 2925 kPa, HEN T Zy2f%. X R MSNE1T
FEATRE A XA, 2 B RS2 AR A ks 38007, it
Bf 7= A g MR AR SR Rk, 7R3 B s T AT,
PR AR R R XL BEAh, T RhE it A 2R
HB RIS SN BESS A, FRARBESS e AR B, A fiff
AR i TR A b URR R T TR 1 T 1R R IR 3 o
ARICAEH Ttk T —sed) R R 10

1945t T prushfi 28 VA 0T HE i 22 1 AR AL L. B
B AR TR, prusTE AR E Ui B X 2 i 1
i, TE R RS, prustE A BEAL; M8 ARRE
BRI LIS, prus AL, TERRE WAL, FfiE 2507
FT I, prusZ TGN, FERRE T X FIA AR
FE LAY DCIN, PRFRR I K BT B I 38N A8 1Y ) I 3 o i
R R IR, 2R e R W in, &Ry e e
VRGN, BuAh, AT R, REE R
PRI, A2 L XN Y prustt B2 B AR

734

40 T T T T ’ T T = T
G.=350 kg/m® s, x/d,=19.8 ]
3
354 T, () !
—a— 15
309 4 20 E
= —— 30 1
9‘; 25+ —y—40 7
& 20 1
155 e
104 TEE ]|
X
= ]
2 T T T T T T T T T T
6 8 10 12 14 16 18
G,x107 (kg/m® s)
Bl 8 (4 IR 1) 2t K T I 5 prwsi 52 I (G=350 kg/m? s,
X/de=19.8)

Figure 8 (Color online) prus With different inlet water mass flux at
G350 kg/m?s, x/de=19.8

50 T,
1 T,=30(°C), x/d,=19.8
16.%10° kgim® s
40{—=—6 -——12
1——8 ——14 *

35710 ——16

304

45 FaE i

Prys (kPa)

25
20
L
15
10 ¥ T - T " T . T * T ¥ T ¥ T * T ¥
150 200 250 300 350 400 450 500 550 600
G, (kgim®s)

Bl O (LSRR () M 15 o T 3% prms R 1) (Tw=30C., X/de=19.8)
Figure 9 (Color online) prus With different inlet steam mass flux at
Tw=30°C, x/d:=19.8

P& 10t 75 S 1 7K I FE XF prmsf 52 M FLAE. AR
rhRTLUE Y, Bl $E7K IR EE N 15°CHE M E]40°C, Prvis
Seigsm, (RUEHMAIRE AR, HEIRY7E10 kPa
I (E8H i m IFE H). [FR;, fEARCTE LR S
QiuZs AVt ke 25 1] P 28 VS U Bk 4% O 0T 9 4 SR AT
TXFEE, ATRAE M, EABREE N, prusi KM HEK
JOT I 5 0 5 ) A A B e, A K I SR A X A
T, pruslZE R TAHME 451 R A K2 (R 28 VAT T e 25
SEEAE AL, A R 3 R T 2K AZ R b 2y, RE
AR A B M AR S 2 TR

3 5

ZRVBTS ar AR 280 s IR, 5 v K AE



w
o

T T

G,x107°, kg/m®s
- +12

451 G.=400 kg/m’ s, x/d,=19.8

©f =t T4
= 357 = i Ry
£ 30{ . 117
w “ ——18
3 /\ 1 « Qiuetal. (2014)
20 T = { 6,=380kg/m’s
15- 1
10= =
g'- % % * * * 9
16 20 25 30 35 40
T, ()

B 10 (R RUR ) K X prusf IR (G=400 kg/m? s, X/de=19.8)
Figure 10 (Color online) prus With different inlet water temperature at
G400 kg/m? s, X/d=19.8

TRA N LR i BELY, e 2 SC BUK A I A A T e
FHE, HARREE ., SoRfER ., Tz
SR, TEREUR . LT B B A Tk G A
A)TZ R RTR. AR, TR AR LA PR 1
N B IR BEAS B A TR M, 2T AR R T AR
B, AMUE IS TGS, W H e H e, I,
AR SCEF A BRIE GE A A8 PO TR BEAS 5 R A TR IR 5
5 FERPEREAT SEIR I TE, O TR A AR IR AR B A

INkRBHE S, BRILLIT 5L,

(1) AU S B RHLIRA T AR T 00T 5RO
S AT R R FBELS T S R e, R B
A FRGEE Y, AR PR S YA T AR, T LDRRR
JK LA i B 4 O 28 03 DR A R TR AN SR WAt 2
R JFAIL BT R T I T 20070 B A A %
JK B AR A G R A T

(2) FRIKSHEON AT FRE IE N 4k 3 e P i
F . W PR BRI RN, ) PR 50 AR A E
RIXAAR, B2, EAAREREX UG, EH
R 7 0tk L TG, I T8 TR T R 52 R et 4
7. BEINEPRR TRR, IR T ASARE T R e Ak
MR, FEATRE R X EmM XA, K
R 5 3 I A AR R A G IR . % AR A
T DI AR B B, O IR G5 A T
AT AR WAL = 6] T 4R 5 3 B Kl T e
BRI, 85 RS ) 2 IR RS 1 SR I T 4
RBEATRE I, & B A T B KR AR IR R R T
H1 52 B K B A AR R, A7 BRI P 28 TSR
BBEZE 5B 10 T R 37 56 B A K T A R s ] .

RPN

1 YanJJ Shao SF, LiuJP, et a. Experiment and analysis on performance of steam-driven jet injector for district-heating system. Appl
Therm Eng, 2005, 25: 1153-1167

2 Zhang Z, Chong D T, Yan J J. Modeling and experimental investigation on water-driven steam injector for waste heat recovery. Appl
Therm Eng, 2012, 40: 189-197

3 DeberneN, Leone JF, Duque A, et al. A model for calculation of steam injector performance. Int J Multiphas Flow, 1999, 25: 841-855
Narabayashi T, Yamazaki Y, Kobayashi H, et a. Flow analysis for single and multi-nozzle jet pump. JSSME Int J B-Fluid T, 2006, 49:
933-940
Cal Q, Tong M, Bai X. Exergy analysis of two-stage steam-water jet injector. Korean J Chem Eng, 2012, 29: 513-518
Nariai H, Aya |. Fluid and pressure oscillations occuring at direct contact condensation of steam flow with cold water. Nucl Eng Des,
1986, 95: 3545

7 Fukuda S. Pressure variations due to vapor condensation in liquid, (ii) phenomena at large vapor mass flux. J Atom Energ Soc Jpn, 1982,
24: 466-474

8 Hong SJ, Park G C, Cho S, et al. Condensation dynamics of submerged steam jet in subcooled water. Int J Multiphas Flow, 2012, 39:
6677

9 QiuBB,Tang S, Yan JJ, et al. Experimental investigation on pressure oscillations caused by direct contact condensation of sonic steam
jet. Exp Therm Fluid Sci, 2014, 52: 270-277

10 Yang X P, Chong D T, Liu JP, et al. Experimental study on the direct contact condensation of the steam-air mixture in subcooled water

flow in arectangular channel. Int J Heat Mass Tran, 2015, 88: 424-432

735



M % h B 201738 He2k HTH

Summary for “ /A FRE I N 7T TEESS 5 ) k% 38 R 1

Amplitude characteristics of pressure oscillation caused by
steam j et condensation in a confined channel

YANG XiaoPing', CHEN Yi*, ZONG Xiao', ZHOU Lun', LIU JPing' & YAN JunJie®

! Ministy of Education Key Laboratory of Thermal Fluid Science and Engineering, Xi’ an Jiactong University, Xi’an 710049, China;
2gate Key Laboratory of Multiphase Flow in Power Engineering, Xi’ an Jiaotong University, Xi’an 710049, China
* Corresponding author, E-mail: liujp@mail .xjtu.edu.cn

Steam jet injector is a prospective device with advantages of impact volume, strong heat transfer, without moving part,
which can be applied in various industrial fields such as nuclear/conventional power plant, heat-supply system and heat
recovery system, etc. However, as the steam jet injector is driven by high speed steam jet condensation in subcooled
water flow in the mix chamber, the instability of steam-water direct contact condensation will lead to loud noise and
severe vibration. Thus, loud noise will evolve into environmenta pollution, and vibration will endanger the equipment,
which prevent the promotion of this device in induatrial applications. Moreover, the published works generally involved
in the pressure oscillation caused by steam jet condensation in large space water pool, where the water was considered to
be stagnant. However, the case becomes more complex when direct contact condensation occurs in a confined channel
like in a steam jet injector, where the effect of turbulence on water side and wall can not be ignored. Thus, the reported
results can not be applied in the present condition. So it is necessary to study the mechanism of the instability of
steam-water direct contact condensation in a confined channel. In this paper, experimental investigation was performed
on the amplitude characteristics of pressure oscillation caused by direct contact condensation in a confined channel,
aiming at revealing the mechanism of noise and vibration and providing some guidance for the design and operation of
the steam jet injector. In order to better observe the behavior of the steam-water interface, a specia visualized test section
was designed and a high speed camera was applied. The dynamic pressure data was obtained by a dynamic pressure
transducer arranged on the wall of channel. Three main inlet parameters, including steam mass flux, water mass flux and
water temperatures were tested in the ranges of 150-600 kg/m?s, 6x10°-18x10° kg/m?s and 15-40°C, respectively. The
results indicated that when direct contact condensation occurred in a confined channel, flow patterns could be divided
into two categories-unstable and stable flow patterns with respect to the interface behavior. The effect of the inlet
parameters on amplitude characteristics of pressure oscillation was discussed. With the increase of water mass flux, the
amplitude altered dightly in stable flow pattern region, but increased suddenly and dramatically in unstable region. With
the increase of steam mass flux, the amplitude increased a little in unstable region, but decreased suddenly in stable
region and then increased again. And the increase of water temperature leaded to the increasing of amplitude in all flow
pattern regions. In a word, the equipment would bear stronger impact load when operating in unstable flow pattern
region.

confined channel, steam jet, direct contact condensation, pressur e oscillation, amplitude char acteristics
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