Experimental Study of Steam Condensation Regime Map for Simplified Spargers
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Abstract

An experimental study was conducted to produce a condensation regime map for single-hole

and 4-hole steam spargers using GIRLS facility. The regime map for a single-hole sparger was

derived using parameters such as the frequency and magnitude of the dynamic pressure. For

4-hole sparger, the regime map was derived using the trends of sound and dynamic pressure.

Using the single-hole and 4-hole data, a steam jet condensation regime map was suggested with

respect to pool temperature and steam mass flux.
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# 1 GIRLS 5¢d A4

Reimers Electra Steam Inc.;
RHPH-375

Type

Electrical Heater Type

Heater Capacity

316 kW

Steam Flow Rate

Maximum -~360kg/hr

Operating Pressure

Maximum 9.3 barg

Water Supply

5002 /hr (Demi. Water)

Power Supply

440V ,3-Phase, 60Hz

Material

Carbon Steel

Dimension

W2.24xD1.73xH1.83m

SAWUSF A3 A4
Lx K-Type e 06°C
A& 0.5kPa

olgl O 10
HH Rosemount 3051P (0.06% for full span)

Rosemount 8800A .
o ) 0
T (Vortex Meter) 1.35% for reading value
wote Kistler 7061B Negligible delay of response
ewT (Piezoelectric Type)|(natural frequency: 15kHz)
& Pitot Tube




¥ 3 GIRLS A7) w2 9 94

ID AA SAWSF

TC201 A o TEA S SR E

TC202 Sparger W+ Sparger 57| &%

TC601  (Cylinder Tank, (90,180,11)"  |%x &=

TC602 Cylinder Tank, (90,180,10) e

TC603  |Square Tank, (40,0,110)” Fx ex

TC604 Square Tank, (40,0,10) FF 25

TC605 Cylinder Tank, (90,45,110) e

TC606 Cylinder Tank, (90,45,10) e

TC607 Cylinder Tank, (90,-45,110) e

TC608 Cylinder Tank, (90,-45,10) e

TC701 Cooling System Inlet 1 Yzke St &5

TC702 Cooling System Inlet 2 Yzke St &5

TC703 Cooling System Outlet W &3 2%

TC1 Tank W+, °]&4 ERh

TC2 Tank W+, °]&4 ERh

TC3 Tank W+, o]&2 EI S

TC4 Tank W+, °]&4 ERh

PT201 fr A oFF 714 H

PT202 Sparger W% Sparger 5 7] 4#

FT201 <71 e

DP202 Pitot FH AESfE &2

DPT02 Sparger ¥ 9 (-W3F) Sz yE =9

DPTO03 Sparger HIZ T UEF Y

DPT04 Sparger®} HA HEE) 7 2 UE =

7. 1) Cylinder Pool®] (1, ,2)% = g S48 o2 31 A @I Eol(n)E
cm® AL 0% AAI A Pool 41 7S] A4S VEoRE AEE 9N
2) Square Pool¥] (1, 8,z)= Sparger? Fo| vtgy vhiles A8 ddo =z s
A =0l(z)E cm® EASR 0= 947 Cylinder Pool 4139 A444&
Neend AEs o
3) DPTY =¥ Voln 1V=50kPas ¢ m g DPTOL HolH = =52k AP ujrt

A5



¥ 4 GIRLS #A=7] Data Processing Calibration

1D Calibrator(y) |Reading(x)| Calibration Equation

TC201  |Fluke744('C) C v=0.9998x-0.8418
TC202  |Fluke744('C) C v=1.0004x+0.8403
TC601  |Fluke744('C) C v=0.9996x+0.7270
TC602  |Fluke744('C) C v=0.9998x+0.7928
TC605  |Fluke744('C) C v=0.9997x-0.2341
TC606  |Fluke744('C) C v=0.9996x+0.5003
TC607  |Fluke744('C) C v=0.9997x-0.3236
TC608  |Fluke744('C) C y=1.0001x-0.6345
TC1 Fluke744(C) C v=0.9996x+3.460

TC2 Fluke744(C) C v=0.9999x-1.7236
TC3 Fluke744(C) C v=0.9993x+2.2978
TCA4 Fluke744(C) C v=0.9999x+1.0934
PT201Y  |DPI515(bary) % y=2.4996x-2.5207
PT202  |DPI515(hary) \% v=2.5027x-2.5181
FT201 iﬁiﬁggﬁcw% V. |y=05577x-05621
DP202  |DPI510(hary) \% v=0.6218x-0.6238

F. D A" 2AC oM t7gE doider AFst] il A4

= gA

A& FAgo] JolA Steam Table Tl AHEE Aulr®Es AeH7]

Ay 2= TICIA 459

AN = 1E DS ob Aol Bash

71 WY pas W 2.

p,= 1.013%p, [barl

where, p.=

g

£

world

2) URV= upper range value
3) ACMM= actual m’/min

[1+ (20— DLW2

100

=979.832 cm/sec?; g, =980.665 cm/ sec
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X% A Single Hole Sparger Test Result

——f1 —@—ampl —— f2 —@—amp2
50 & || 80000 18000
s 70 || 7000 16000
)
= 60 || om0 4000
12000
20 50 || 50000
10000
% 40 || 40000
800
2 30 || 30000
15 6000
0 20 || 20000 200
5 10 || 10000 200
0 0 0 00 00
000 20000 40000 60000 80000  1000.00 000 20000 40000 60000 80000  1000.00 000 20000 40000 60000 80000  1000.00
_ [} :ll Lo} S (/\ Z QT _299 )
a2y A-1 @YY Sparger 98 W FEL5 30-32T
—o— {1 —@—ampl —e—12 —m—amp2 ——p-t-p —#—rms
450 25 700 35 12000.0 2000.0
400 600 30 18000
10000.0
350 20 1600.0
300 o0 * 8000.0 1000
250 » 400 20 1200.0
6000.0 1000.0
200
10 300 15 8000
150 4000.0
200 10 600.0
100
5 400.0
100 5 2000.0
50 2000
o o o o 00 00
0.00 200.00 400.00 600.00 800.00 1000.00  1200.00 0.00 200.00 400.00 $600.00 800.00 1000.00  1200.00 0.00 200.00 400.00 600.00 800.00 1000.00 1200.00
_ [} :ll Lo} S (/\ Zz Q- —_A9¢ )
Y A-2 @449 Sparger +9® W FFREE 40-42T
—e—f1 —@—ampl —— {2 —@—amp2 ——p-t-p —#—ms
400 35 16000.0 2500.0
350 30 14000.0
2000.0
300 12000.0
25
250 10000.0
20 1500.0
200 8000.0
15
150 6000.0 1000.0
10
100 4000.0
500.0
50 5 2000.0
0 0 00 00
0.00 200.00  400.00  600.00  800.00 1000.00 1200.00 0.00 200.00  400.00  600.00  800.00  1000.00 1200.00 0.00 200.00 400.00 600.00 800.00 1000.00 1200.00

I8 A-3 @Y

T Sparger ¢ W3l (%

=5 49-527C)

—+—f1 —#@—ampl

—4—f2 —@—amp2

30000.0 5000.0
45000
25000.0
40000
35000
200000
30000
15000.0 25000
20000
10000.0
15000
10000
5000.0
5000
00 00
000 20000 40000 60000  800.00  1000.00

FL% 58-617T)
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H% B 4-Hole Sparger Test Result
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