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Thermal-hydraulic evaluation study of the
effectiveness of emergency core cooling

system for light water reactors
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In order to evaluate the core cooling capability of the emergeny
core cooling system, which is a safety guard system of light water
reactors for a loss-of-coolant accident, a variety of large scale test
were performed. Through the results, many phenomena were investigated
and the predictabity of analytical codes were examined. The tests
conducted were a single-vessel blowdown test, emergency core cooling
test in a PWR simulation facility, spray cooling test for a BWR, large
scale reflood test and a separate effect test on countercurrent flow.
These test results were examined to clarify thermal-hydraulic phenomena
and the effect of various test parameters and were utilized to improve
predictability of the analytical codes. Some models for flow behavior
in the upper core were also developed. By evaluating the effectiveness
of various emergency core cooling system configurations, more effective

cooling system than the current one was proposed and demonstrated.

Keywards: Reactor Safety, Loss—of-coolant, Emergency Core Cooling,
PWR, BWR, Reflooding, Analysis Code, Simulation Test,

Thermal-hydraulics
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Fig. 3.1 ROSA-II test facility flow chart.
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Table 3.1 Major dimensions of ROSA-TL facility.
Pressure Vessel Inner Diameter (mm) 380-280-380
Axial Length (mm) 4,855
Volume (m?). 0.3
Model Fuel Rod Quter Diameter (mm}) 10.7
Heated Length {(mm) 1,500
Lattice Pitch {mm) 143
Number of Rods 109
Primary Cooling System Number of Loops i
Circulating Flow Rate
No. 1 Loop (m?/s) 7.67 x 107
No. 2 Loop (m?s) 2.33x107°
Heating Power Total Power (kW) 2,240
Maximum Heating Rate
High Flux Rod (kW/m) 61.6
Low Flux Rod (kW/m) 12,5
ECCS Actuation Pressure Acc (MPa} 0.1- 6.9
HPCI {MPz} 0.1-12.3
LPCI (MPa) 0.1- 2.0
Model Break Orifice Diameter {mm) 7.5=-375
QOperational Condition Pressure (MPa) 16.0
Fluid Temperature (K) 598
Table 3.2 Volume distribution of ROSA-II and
the TROJAN reactor.
Volume Distribution Ratio
ROSA-IL
ROSA-II TROJAN TROJAN
Pressure vessel (m*) _1
(with all internals) 0.292 132 452
3 0.298 122 1
Steam geneators (m”) (6.073 + 0.225) (30.6 x 4) 409
. 3 51 1
Pressurerizer (m”) 0.133 (including steam 20.4) 383
Primary loops (m*) 0,13t 449 1
(including the pumps 8 the surgeline) (0.034 + 0.097) : 343
Total volume of the primary ’ 1
system (1'1'13) (.854 355 a6
Inside of the pressure vessel (I) % %
Upper plenum (m®) 0.117 (40.0) .
Core (m?) 0.051%* (17.5) 19.3*(14.6) 378
Lower plenum (m*) 0,050 (17.1)
Downcomer (m?) 0.074 (25.4)
Inside of the pressure vessel (I1) % o .
Below the lower end of the core (m?) 0071 {27.3) 29.2 (22.3) T
1
Below the upper end of the core (m3) 0,163  (55.7) 63.9 (49.1) 397
Below the center of the primary 2
loop nozzle (m®) 0.184  (63.0) 89.2 (68.6) 8%
Secondary side of the steam 0.64 355 . 1
generators (m) {0.19 +0.45) 555

* Defined as effective flow area x the length of fuel rod assembly.
** Defined as the volume between the lower and the upper grids including the bypass.
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Table 3.3 List of ROSA-II test runs.

Break Condition Core Power Control ~ Temperature Injection Location
RUN Assemb- — of Int. Leop Pump Sec. Data
No. Posi- Ty, Diameter bly [;n;:.“;\l’,l]tl;% Variat, —— ——— Pura HPCI  LPCI Acc  Sys. Rep.
i No. R S LA H.L ) tion(s) Blow No.
ton (mm) wmy L eg C. Leg P21 2 1 2

Facility Performance Test

202 C D.E 30.5/30.5 1 13.8/1.69 d/e 327 324 - - = = - - = X 1
203 e D.E 30.5/305 1 13.8/1.69 dfc 327 324 - HC - H - C - X 1
204 C SEE 0/30.5 1 13.8/1.73 djc 295 292 - H - H - H - X 3

Parametric Test

301 C S.E 30.5/C i 13.8/1.36 *dfc 310 307 - - . - - - - X 3
302 C S.E 30.5/0 1 13.1/1.72 djc 312 309 - L L L L - L X 3
303 C D.E 30.5/305 1 13.8/2.08 dfc 325 3122 - HC - H - ¢ - © 1
304 C D.E 30.5/30.5 1 13.8/2.03 dfc 310 307 - - HC - H - ¢ X 1
366 C D.E 30.5/30.5 2 38.9/4.44 clc 31z 306 - - HC - H - C © 1
307 C DE 37.5/37.5 [ 26.1/7.41 dfc 318 309 - - - H H ¢ € X 2
308 C D.E 37.5/37.5 1 29.147.70 d/c 313 304 - - - - - c X 2
309 C D.E 37.5/375 i 29.1/7.63 dfc 313 304 - - - HH - - X 2
310 C D.E 37.5/37.5 3 15.5/15.5 n/n 321 310 — - - Cc c ¢Cc Cc X 5
311 C D.E 37.5/37.5 3 15.5,’1‘5.5 n/n 319 307 - - - Cc Cc - - X 5
312 C D.E 37.5/375 3 15.5/15.5 nfn 318 306 — - - C CcC Cc Cc X 5
313 C Dis. 37.5/25.0 3 15.5/15.4 n/n 314 302 - - - Cc ¢c c ¢ X 5
314 C D.E 37.5/37.5 3 15.5/15.4 nfn 313 302 - - - C L € L X 6
“315 C Dis. 23.6/37.5 3 22.6/0 n/n 302 298 — - - C L Cc L X 6
316 C D.E 37.5/37.3 4 25.5/20.4 n/n 316 298 - - - HH - U X 6
317 C D.E 37.5/37.58 4 15.5/15.5 n/n 312 300 - - — H H C C X 5
318 C  Dis. 16.5/25.0 4 3.69/3.80 ofo 302 299 - HCHC H H Cc C X 7
320 C Dis. 16.5/25.0 4 15.4/15.5 nfn 315 304 - HCHC H H C € X 7
321 C Sp. 305/ - 4 15.0/15.3 n/n 313 301 - HCHC H H C € X 7
322 C Sp. 305/ - 4 15.4/15.5 n/n 319 307 15 HCHC H H ¢ C X 7
323 C Dis. 16.5/25.0 4 15.3/15.3 n/n 314 302 15 HCHC H H € C X 7
324 C D.E 37.5/315 3A 24.9/20.9 n/n 308 298 - - - c c ¢ Cc X 8
325 C D.E 37.5/375 3A 24.6/21.0 nfn 310 300 - - — Ct ctEr ¢t X 8
326 C D.E 37.5/375 3A 24.4/21.1 n/n 306 296 - - - ¢ Cc ¢ Cc X 8
327 H Dis. 25.0f37.5 5 17.9/18.0 n/n 324 296 - - - H H C C X 11
328 H Dis. 37.5/25.0 3 17.7/17.1 n{n 324 296 - - - H H C C X 1}
329 H Dis. 25.0/37.5 5 17.9/17.6 n/n 323 300 15 - - H H ¢ C X 11
330 H Dis. 37.5/25.0 5 17.8/17.4 n/n 312 292 135 - - H H € € X 11
332 C D.E 37.5/37.5 4 16.3/19.9 nfo 325 295 - - - - - - — X 12

Abbreviations;‘ LPD-Linear Power Density at peak point, HF.R. — High Flux Rod, L.F.R. -~ Low Flux Rod
D.E — Double Ended, S.E — Single Ended, Sp. — Split, Dis. — Distributed
H — Hot leg, C — Cold leg, U - Upper plenum, L — Lower plenum
d — decay heat, n-d + delayed neutron, S-n + stored heat release, U — constant
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Table 3.3

List of ROSA-II test runs (cont'd).

Break Condition Core Power Control  Temperature Injection Location
RUN Assemb- — of Int. Loop Fump Sec. Data
No. TPosi- Diameter bly Initiai L.P.D. Variat, — _Dura- HPCI LPCI Acc  Sys. Rep.
tion Type (mm) No. HF.R/LF.R. H/L. H.lLeg C. Legtzcm.(sJ Blow No,
{kW/m} 1 2 1 2 1 2

Actual Reactor Simulation Test
401 C D.E 30.5/30.5 1 13.8/2.07 d/c 311 308 - HCHC H H € C X 4
403 C D.E. 37.5/375 1 29.1/7.74 dfc 317 308 - - - - - - = X 4
404 C DE 37.5/375 1 29.1/7.67 d/c 315 306 — HCHC H H € € X 4
411 C DE 37.5/375 3 15.5/16.4 n/n 332 319 — - - H H C C X 6
413 C DE 375/375 4 25.0/20.2 n/n 328 293 - - - HH C C X 12
415 C Sp. — f16.5 4 24.5/20.3 n/n 324 300 - - - H H C C X 10
417 C Sp. - [165 4 24.4/20.1 nfn 323 302 — HCHC H H ¢ C X 10
418 H D.E 37.5(37.5 4 24.8/20.2 n/n 324 300 - - - = = - = X 9
419 H D.E 375/375 4 24.9/20.3 nfn 318 295 - - — H H C C X 9
420 H D.E 375/375 5 17.9/17.3 nfn 320 302 - - - C Cc € ¢ X 9
421 H Sp. - /165 5 17.8/17.6 nfn 318 303 - HCHC H H C C X 10
422 H Sp. — /165 5 17.8/17.6 afn 315 295 - HCHCH HC C O 10
423 H D.E 37.5/375 5 17.7/1%.8 n/n 312 294 15 - - H H C Cc X 9
425 C D.E 37.5/37.5 5 16.9/17.5 n/n 313 297 15 - - HH C c X 12

Alternative ECCS Test
502 C D.E 37.5/375 4 24.7/18.6 n/n 312 289 - - - — L H H X 13
505 C D.E 375/37T5 4 24 8/19.8 nin 311 287 - - - H U* I X 13
506 C D.E 37.5/37.5 4 25.1/19.8 n/n 315 288 — - - C Cc c ¢ X 13
507 C DE 375/375 4 24.8/19.8 nin 314 29! - - — H HuUtct X 13

U.H.I System Performance Test
601 C D.E 37.5/37.5 UHI 15.4/16.4 n/n 327 302 - - - C CcC ¢ T X
602« C D.E 37.35/375 UHI 16.3/16.2 sfs 324 300 - - - - - - = X
603 C DE 37.5/37.5 UHI 9.04/9.04 s/s 323 305 - - - € C ¢ C X 6707
604 € D.E 37.5/375 UHI 9.04/9.04 sfs 325 307 - - - € C C C X 6107
605 C D.E 37.5/375 UHI 0/0 ofo 304 304 - - - Cc c ¢c ¢ X
606 C DE 375/375 UHI 15.8/15.5 sfs 325 301 - - - C C c ¢Cc X
607 C DE 37.5/375 UHI 16.6/15.4 s5/s 322 298 - - - C C C C X 6707
608 C D.E 37.5/37.5 UHI 15.6/15.2 sfs 319 295 - - - C C € ¢ X 6707
609 C DE 37.5/375 UHI 15.6/15.4 sfs 322 298 - - - C € C C X 6707
610 C Sp. — /165 UHI 15.6/15.4 5/s 321 297 - cC ¢ C ¢ C ¢ X 6707

Nate 1} Pump nozzle in the blowdown loop was remodeled after RUN 324 and RUN 411.

2} Venturi throat in the blowdown loop was removed after RUN 502,

* Newly made accumulator was attached to the upper plenum.

+ Enlarged injection flow rate was employed.
#* witHout UHI injection.

i33 —
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Fig. 3.4 A typical pressure transient in ROSA-I primary
system.
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Fig. 3.5 PV bottom-top pressure difference for RUN 506.
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Fig. 3.6 Time to reach 4.5 MPa of system pressure vs. break
area ratio in many representative runs.
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Fig. 3.7 TFuel surface temperatures of No.4l rod in the middle
part of core in RUN 506.
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Fig. 3.10 Volume-junction model of ROSA-II for RELAP-3 code
for cold leg break.
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Table 3.4

(16.5/30.5)

(h)

Major test parameters in RUN 3201323.

75

Core inlet flow rate transients estimated by RELAP-3

Injection Time(s) { Average Flow Rate (kg/s))

Break Diameter Pump
RUN Tri
No. e .(dm%"? i Acc HPCI LPCI Tm?lz)
prside sseside Broken L./Intact L. Broken L./Intact L. Broken L./Intact L. @S
28~58/28~53 32~308/32~308  37~600/37 ~600
320 16.5/25.0 (1.83/5.33) (0.187/0.42) (0.28/1.83) 9
- 105 20~63/29~67 37~300/37~300  38~597/38~597 )
: (2.00/5.73) (0.163/0.42) (0.28/1.78)
122 205 18~61/28~69 37~300/37~300  38~600/38~600 s
: (2.00/5.33) (0.165/0.42) (0.28/1.78)
25~62/26~72 37~293/37~293  38~560/38~560
323 16.5/25.0 (1.83/4.93) (0.165/0.42) (0.27/1.83) L5
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Fig. 3.12 PV bottom-top pressure difference data in RUN 320.
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Fig. 3.13 Fuel surface temperature behavior in RUN 320.
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Fig. 3.14 PV bottom-top pressure difference data in RUN 32I1.
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Fig. 3.15 TFuel surface temperature behavior in RUN 321.
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Fig. 3.16 PV bottom-top pressure difference data in RUN 322.
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Fig. 3.17 TFuel surface temperature behavior in RUN 322,
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Fig. 3.18 PV bottom-top pressure difference data in RUN 323.
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Three kinds of alternative ECCS injection mode
proposed in the ROSA-II program.
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Rod surface temperatures in RUN 502,
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Fig. 3.28 Distribution of peak clad tempera-
tures throughout each blowdown test.
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Fig. 3.33 Comparison of clad surface temperature at peak power

experiment and analysis for RUN 506 and RUN 505.
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Fig. 4.2 Composition of upper plenum for the spray cooling test.
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JAERI - M 85-—-122

W4(I—)§4) T T T
o 22 Wali-Xy)
Qos | 4 : l
B '?/ Wy , Tsproy
@ ' -3
P} AY - -
5 N i
2 005 & |
g d9/° Wso
T 004} % :
o v/ .
g Tspray 1 bar 31 bar
z 003r 30~46°C| ¢ | * (wet steam) -
O
fram 93~102°C| ° a
E 002t .
& Wso : 0.04 ~ 0.06 kg/s
=
2 001 .
=
L
O 1 1
0 Q2 03 W
Spray rate (kg/s) z
Fig. 4.6 Entrainment flow rate versus spray rate with different
pressures and spray temperatures under zZerc core power
condition.
1 1 T
{1-X4q)] -
— oo S == Xg
| f Wo, Tspray
s Of M, |
° 0 f
G
—— w
® -1e]
5
Q Tgpray {1bar 31 bor
[ T
o 30~46°C * | = (wet steam)
c 0.5F i
R 93~102°C| © |1
5]
ks 1 0.04~0.06 kg/s
$ ’/”’f”
= ]
2 .
o L L
0 0.2 03 W
| Spray rate (kg/s) 2
Fig. 4.7 Water fraction of outlet flow from the upper plenum

versus spray rate with different pressures and spray
temperatures under zero core power conditionm.



JAERI—M 85—122

v T T
Jg" 2
or
He * 2 P = {1 bar
: 32~T71°C
20 Tspray 22 i

e BANKOFF'S H;
He*2 +H ™2 = 2.0

1.OKR

\ ° WALLLIS'J;
\(Jg*b"‘J f",2 =10
N
O 1.0 20
Hor J*"

0
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Fig. 5.6 Bundle power peaking profile
used in SCTF tests.
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Fig. 5.7 Comparison of temperature behavior between
different flow rates. '
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Fig. 5.8 Relation between the heat transfer
coefficient near temperature turn-
around and initial reflood velocity.
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Fig. 5.9 Quench envelopes of high and low ECC-injection

flow rate tests.
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Fig. 5.10 Horizontal pressure difference in each location in the
slab core.
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Fig. 5.11 Liquid level distribution in the upper

plenum for radial flat power test.
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Fig. 5.12 Heat transfer coefficient vs, distance from
quench front in bundles 2, 4 and 8 at 1.905m
and 2.76 m for Tests $2-06 and S2-SH2.
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Fig. 5.13 Void fraction distribution at middle
elevation in the slab core.
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Fig. 5.14 Comparison of mass effluent fraction between

SCTF data and a correlation.
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Fig. 5.15 Average quench velocity change with bundle
elevation for various test conditions.
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Fig. 5.16 Variation of axial void fraction distribution
with bottom quench level propagation.
Table 5.1 Analized SCTF tests of forced feed reflooding.
Test No. 57-01 51-SH2 $1-04 51-05 51-09 $1-11
Test parameter | Base case centainment ECC water LPCI Acc and LPCI radial
pressure subcool flow rate flow rates power
Yalue in the 0.4 MPa 30 K 6.2 kg/s 36.1,18.9 kg/s flat
T test
(in the l;ase {0.2 MPa) {nearly 0 K) | {10.7 kg/s) | {21.1,10.7 kg/s} | (as a PWR)
case
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Fig. 5.18 Comparison between data and
original correlation and
simplified correlation of
core water inventory.
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correlation for different system pressures.
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Table 5.2 Conditions of the tests utilized for the analysis.

Mode Test No. Reflood vel. (cm/s) Initial peak Initial peak
51 Acc/LPCI temperature (°C} power {kW/m)

-AC3 ©19.0/2.1 500 1.43
T -SH1 9.0/2.6 600 1.54
“:f -01 5.2/2.7 700 1.54
§ -05 5.0/1.5 700 1.56
N -09 . 9.7/4.5 700 1.54
- -12 5.2/3.3 700 1.54
é‘ & -13% 19.8/2.0 814 2.29
§ -22 1.4/1.8 700 1.54

Common test conditions: Containment pressure = 0.2 MPa (0.28 MPa*)},

Core fnlet subceoling = 0 ~ 12 K (50 ~ 60 K*)
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Fig. 5.22 Definition of quench time
delay due to blockage.
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Fig. 5.25 Quench delay due to blockage for various reflood velocities.
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Fig. 5.26 Quench temperature and time distribution for
blockage bundle and neon-bleckage bundle.
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Fig. 5.27 Average temperature behavior of the remote rods
in blockage bundles and non-blockage bundles.
— 50 n Q .® L] L] ¢ o0 @ 0O
=
o
T a0k | Test 51-09
5 o Rod remofe from non-heated rod 97 — 45
S * Rod adjaocent to non-heated rod em/s, Vin
o 30r or wal
Pt
2
w
[} 20 -
g
3
= 0o o e . O . v |* ™% o Boo
E Q Q s o8 O8 bo [o X e o]
(<] - R ADOVE
~  0Of o 5{& Mean of
2 below  remote
'§ ) s o o ap ™ rod
@ _ 3 o) ] [ L] © Oo @
L 10 o elo 0 w00 o
| I ] I ] )
-80 -60 -40 -20 0 20 40 60
| Temperature difference (K
Fig. 5.28 Turnaround temperature shift due to

blockage in high ECC flow test.

— 100 —



Elevation from blockage sleeve center (cm )

JAERI - M 85—122

50_ . LA . O &0 - [o7] o} 0
a0k 4 Test Si-22
© Rod remote from non- heated rod 1.0 ~ {8
* Rod adjacent to non-hecgted rod cm /s, Vin
30 or wall
20
10 oC o ¢ ° &R o & o
Q 0 * e OO Q o]
above
O Mean of remote rod
AT=-12K { below
Ose OO OO0 O
* e [} L] C o0 see () o]
-10._
o] .0 » 008 [+] o0
! i l ] ! | !

-80 -50 -40 -20 O 20 40 60 80
Temperature difference (K

Fig. 5.29 Turnaround temperature shift due to blockage in
low ECC flow test.
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Fig. 5.30 Peak temperature distribution comparison
for blockage bundle.
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5.31 Comparison of quench envelope among varicus blockage
scales for high initial reflood velocity condition.
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Fig. 5.32 Compariscn of quench envelope among varicus blockage
scales for low reflood velocity condition.
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Table 5.3 Nomenclature

AO : Total flow area of channel

AI : Total flow area of perforate& plate holes

c Coefficients in Eq.(l) and Eq.{4)

Cg : Coefficient defined by Eq.(11)

c, Coefficient defined by Eq.(12)

d : Diameter of plate heoles

& Hydraulic equivalent diameter

g : Gravitational constant

%

R Dimensionless volumetric flux, Eq.(5)

i : Superficial velocity at plate holes

j* : Dimensionless volumetric flux, Lg.{2)}

K : Kutateladze number, LEg.{(3)

£ : Length in pressure field

EC : Crossiong length of pressure curves

Rt : Plate thicknoess
m Gradient coefficient in BLg.{1)

m, Number of hole row

p : Pressure

A e Pressure difference

Pt Pitch of hele row

t : Thickness of used plates
w : Characteristic length, Eq.(6}

X : Gas hole fractionm

Subscripts

Greek symbols i Gas or liquid
a Geometry parameter used in Eq.{6) g CGas
Bz : Opening ratio of plate hole, AT/Ao L Liquid
4 H Pressure loss coefficient for contraction and frictiom
0 : - Density

c Surface tension

— 110 —



JAERI — M B85 —122

‘walsds [ejuswTiadxo Jo oTIRWLYDS £¢*¢ 314

*ATquesse pox pue o3jerd + Addns  Jajom
peaeidojiad Jo L1jowoan pere 814 E _ +
- Y

L e e +f\aE:m -
PR
cedl . I
| 5 19J0M ﬁ.._ wnua|d
! 19MOT
R *
s W oul 0
doJ) MO}}13AQ b
8ul| woajg 3 wnuayd
AL 19u]
= i
20} 13w =
N MO| 4 A|quiasso
Jajupyy . N Pod
1noYIM 1O U A
7 L e
. ~ a1p|d _
P pajplopied T
wnued| 1
€ vl L
159l | \
P L
b°9L & o
DO .
. 101010dag N
u 3 T--/
CH)C) MOPUIM
A = noA




{ kg /min )

Steam flow rate

JAERL.— M. 85 = 122

0.1 0.2 03  for 10.5mme

o)

10.5 20 bottom edge chamfer
12.0 15 bhoth edges chamfer

no perforated plate (dj =12.8)

-4

A

B

10.5 15 both edges chamfer C
D

E

F

-+

i3+ 0.841); =132

(=0.423/d"*)

T T B
|+ Reference water velocity (m/s) 5
- uy
=]
ZOL— <d{e
¢ t d d mm tmm jf S
a :Q’ q:_ﬂ o 10.5 15 square edge A -
N 10 03 = 10.5 20 square edge B =20
+ 0 C.E o 10.5 15 both edges chamfer C S
A~ < 10.5 20 bottom edge chamfer D =
o« 4 120 15 both edges chamfer E E
1.0 “ous g + no perforated piate (da =12.8) F ok
w
410
o .OEL + 3
ol o
[m] ﬂ-. + s 3
a © g - " %. ‘é‘é
o o ® -
0 | H 1 ] 1
0 10 20 30 40 50
Water flow rate  ( kg/min)
Fig. 5.35 Countercurrent flow rates and their superficial
velocities for holes 10.5 mm in diameter.
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B2 45 125 ”
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Fig. 5.36 Correlations of counter current flow
limit by Wallis' j* for various plate
geometries.
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gas hole liquid hole
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! 1
{o- \
/ \ l
7 N l
Fig. 5.39 Phase separation flow
model for perforated
plates.
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10.5 mme
£:=18x107n )
gq 1 0.40
= ;,f 1044
2 100 B 0368
£ %
T 50
g) -
=
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— 10
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= 5
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| v
G L1 1 i b 0I5 i 1 11 $0
Gas hole froction X
Fig. 5.40 An example of relation

between momentum or
coefficients of each
phase and gas hole
fraction calculated
with Eq. (10) and (l4&).
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a12.0 15 both edges chamfer E

-3
Y= {0
X=09 g.p =18"" " 0g-0.40.5,=0.44

C:L=14 , 89=0.20,8,=0.20
A:te =13, 84=0.38,5,=042

E -‘fc =85 , ;g =O.176,;¢ =0.176

1.0

I
vl
0 1.0 20 |17
Comparison between the
experimental data and the
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Fig. 5.42 Comparison between Bankoff's

data and the calculation.
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Fig. 5.43  Application of the present model

to the case with larger plate and
at higher pressure by Thomas and
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Photo 5.1(b) Particular state with
separated region of

Photo 5.1(a) A typical CCFL state phases for the same
. flow rate as Photo
at middle flow. 1(a)

Photo 5.2 A CCFL state at

. Photo 5.3 A state near the
relatively low . -
maximum steam flow
steam flow.
rate of the CCFL
range.
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