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I 

Abstract 

This report presents t y p i c a l data and a l i m i t e d heat t r a n s f e r a n a l y s i s of 
te s t s e r i e s I through IV from an experimental thermal-hydraulic program of 
Flooding Experiments w i t h Mocked Arrays (FEBA). The experiments consisted of 
separate e f f e c t t e s t s on a f u l l - l e n g t h 5x5 rod bundle of PWR f u e l rod dimen­
sions u t i l i z i n g e l e c t r i c a l l y heated rods w i t h a cosine power p r o f i l e a p p r o x i ­
mated by 7 steps of d i f f e r e n t s p e c i f i c power. Eight t e s t s e r i e s were per­
formed under i d e a l i z e d r e f l o o d c o nditions using forced feed and system pres­
sure as parameters without the i n c l u s i o n of the e f f e c t s of a reactor c o o l i n g 
system. The i n d i v i d u a l t e s t s e r i e s were conducted to study the e f f e c t of g r i d 
spacers and of coplanar blockages of d i f f e r e n t blockage r a t i o s w i t h and w i t h ­
out bypass on the r e f l o o d heat t r a n s f e r . The purpose of the i n v e s t i g a t i o n s 
was to obt a i n an i n s i g h t i n t o the most important heat t r a n s f e r mechanisms and 
to broaden the data base f o r the development and assessment of improved t h e r ­
mal-hydraulic models. 

FEBA - Flutexperimente mit b l o c k i e r t e n Anordnungen 
Datenbericht 1, T e s t s e r i e n I b i s IV 

Kurzfassung 

In diesem B e r i c h t werden typische Meßergebnisse und eine begrenzte Wärmeüber-
gangsanalyse der T e s t s e r i e n I b i s IV v o r g e s t e l l t , d i e im Rahmen des FEBA-
Programmes gewonnen wurden. Die Experimente zur Untersuchung thermohydrauli-
scher E i n z e l e f f e k t e i n einem 5x5-Stabbündel mit DWR Brennstababmessungen v o l ­
l e r Länge wurden mit e l e k t r i s c h beheizten Stäben durchgeführt, deren a x i a l e 
Leistung durch sieben Stufen einer C o s i n u s v e r t e i l u n g angenähert war. Das 
Programm bestand aus acht T e s t s e r i e n mit Zwangsfluten und Systemdruck a l s 
Parameter zur I d e a l i s i e r u n g der Flutbedingungen. E f f e k t e des Reaktorkühlsy­
stems waren n i c h t eingeschlossen. Die einzelnen T e s t s e r i e n dienten der Unter­
suchung der Einflüsse von Abstandshaltern und koplanaren Blockaden mit und 
ohne zusätzlicher Umströmung auf den Wärmeübergang während des Flutens. Die 
Absicht war, e i n verbessertes Verständnis der w i c h t i g s t e n Wärmeübergangsme­
chanismen zu gewinnen und die Basis e x p e r i m e n t e l l e r Daten zu e r w e i t e r n für 
Entwicklung und Überprüfung verbesserter thermohydraulicher Rechenmodelle. 
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1. I n t r o d u c t i o n 

During a l o s s - o f - c o o l a n t accident (LOCA) of a p r e s s u r i z e d water re a c t o r 
(PWR) the emergency core c o o l i n g systems (ECCS) are u s u a l l y assumed to pro­
vide s u f f i c i e n t c apacity to avoid s i g n i f i c a n t f u e l damage f o r current design 
basis accident cases. However, during such an event s i t u a t i o n s may a r i s e 
leading to the heatup of the core by nuclear decay heat f o r an extended time 
span. Under design basis accident conditions t h i s may be the case, e.g. 
during the r e f i l l phase a f t e r blowdown. The r e f l o o d water i n j e c t i o n has to 
terminate t h i s "Second Heatup Phase" before f u e l rod damage exceeds s p e c i ­
f i e d l i m i t s . 

In a LOCA of a PWR the f u e l i n portions of the core may become overheated, 
w h i l s t at the same time the r e a c t o r system pressure may decrease below the 
i n t e r n a l rod pressure. Under these circumstances the Z i r c a l o y claddings 
could b a l l o o n and reduce considerably the c o o l i n g channel cross s e c t i o n s . 

To o b t a i n a b e t t e r understanding of the flow c o n d i t i o n s and to provide an 
expanded data base f o r an adequate a n a l y t i c a l d e s c r i p t i o n of the complex 
heat t r a n s f e r processes t a k i n g place i n a bundle of ballooned rods during 
the r e f l o o d phase, separate e f f e c t t e s t s under forced r e f l o o d c o n d i t i o n s 
were performed. The Flooding Experiments w i t h Mocked Arrays (FEBA) were 
c a r r i e d out i n e i g h t consecutive t e s t s e r i e s using a 5x5 rod array as the 
main arrangement f o r a l l of the t e s t s . 

D e t a i l s of the FEBA r e f l o o d program as w e l l as a comparison of t y p i c a l 
t r a n s i e n t s measured and evaluated from the d i f f e r e n t t e s t s e r i e s are presen­
ted i n Ref. / I / . 

This report i s a broader sampling of data s e l e c t e d from t e s t s of the f i r s t 
four 5x5 rod bundle t e s t c o n f i g u r a t i o n s . A second data report 111 contains 
data s e l e c t e d from t e s t s e r i e s V through V I I I . 

From the t e s t s presented a l l data measured as w e l l as s e l e c t e d data evalua­
ted are a v a i l a b l e on tapes from KfK. The data a l s o are a v a i l a b l e from the 
Reactor Safety Research Data Bank of the USNRC at EG&G Idaho, Idaho F a l l s , 
ID, U.S.A. 
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2. FEBA Reflood Program 

The s p e c i f i c o b j e c t i v e s of the separate e f f e c t t e s t s under forced r e f l o o d 
conditions were: 
- To measure and to evaluate thermal-hydraulic data f o r unblocked bundle 

geometries, 
- To measure and to evaluate the e f f e c t of g r i d spacers upon the thermal-

h y d r a u l i c behavior, 
- To measure and to evaluate thermal-hydraulic data f o r blocked bundle geo­

metries w i t h and without f l o w bypass. 

The FEBA 5x5 rod bundle program consisted of eight t e s t s e r i e s w i t h d i f f e r ­
ent g r i d spacer and sleeve blockage arrays w i t h i n the bundle. The bundle 
geometries and the a x i a l arrangement of g r i d spacers and flow blockages are 
shown i n F i g . 1. The main purposes of the i n d i v i d u a l t e s t s e r i e s are: 

S e r i e s I : Base l i n e t e s t s w i t h undisturbed bundle geometry containing a l l 
(seven) g r i d spacers f o r comparison w i t h the subsequent s e r i e s , 

S e r i e s I I : I n v e s t i g a t i o n of the g r i d spacer e f f e c t on the a x i a l tempera­
ture p r o f i l e at the bundle midplane, without g r i d spacer at the 
bundle midplane, 

Series I I I : I n v e s t i g a t i o n of the e f f e c t s of a 90 % f l o w blockage w i t h by­
pass, blockage at the bundle midplane of 3x3 rods placed i n the 
corner of the 5x5 rod bundle, without g r i d spacer at the bundle 
midplane, 

Series IV: I n v e s t i g a t i o n of the e f f e c t of a 62 % f l o w blockage w i t h bypass, 
blockage at the bundle midplane of 3x3 rods placed i n the corner 
of the 5x5 rod bundle, without g r i d spacer at the bundle midplane, 

S e r i e s V: I n v e s t i g a t i o n of the e f f e c t s of a 90 % f l o w blockage w i t h by­
pass, blockage at a x i a l l e v e l 2125 mm (100 mm upstream of the 
bundle midplane) of 3x3 rods placed i n the corner of the 5x5 
rod bundle, g r i d spacer at the bundle midplane, 

S e r i e s VI: I n v e s t i g a t i o n of the e f f e c t s of a 90 % and 62 % flow blockage 
w i t h bypass, 90 % blockage at a x i a l l e v e l 2125 mm (100 mm up­
stream of the bundle midplane) and 62 % blockage at a x i a l l e v e l 
1925 mm (100 mm downstream of the bundle midplane) of 3x3 rods 
placed i n the corner of the 5x5 rod bundle, g r i d spacer at the 
bundle midplane, 
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Series V I I : I n v e s t i g a t i o n of the e f f e c t s of a 62 % blockage without bypass, 
blockage at the bundle midplane of the 5x5 rod bundle, 

Series V I I I : I n v e s t i g a t i o n of the e f f e c t s of a 90 % blockage without bypass, 
blockage at the bundle midplane of the 5x5 rod bundle. 

3. Test Loop 

Figure 2 shows s c h e m a t i c a l l y the t e s t loop. I t i s a forced-flow r e f l o o d 
f a c i l i t y w i t h a back pressure c o n t r o l system. Coolant water i s stored i n a 
tank (3). During operation, coolant i s pumped (4) through a t h r o t t l e valve 
(7) and a turbine meter (8) i n t o the lower plenum region (10) of the t e s t 
s e c t i o n (11). The coolant flow may be d i r e c t e d e i t h e r upwards through the 
te s t assembly, or through the lower plenum (10) and water l e v e l r e g u l a t i o n 
valVe (9) back i n t o the water supply. When r e f l o o d i s i n i t i a t e d , coolant 
water r i s e s i n the t e s t assembly and two-phase flow r e s u l t s when water 
reaches the hot zone of the heater rods. Entrained water d r o p l e t s are t r a n s ­
ported upwards by the r i s i n g steam and may impinge on the steam water sepa­
r a t o r (13) placed above the t e s t assembly. The l i q u i d then drains i n t o a 
c o l l e c t i n g tank (17), where the water content i s continuously measured. 
Steam passes around the d r o p l e t d e f l e c t o r and i s then f l o w i n g through a 
buffer tank (19) to the atmosphere. This tank has an automatic pressure 
regulator (20) f o r c o n t r o l of a constant back pressure f o r the t e s t assembly. 
A large e x t e r n a l steam supply i s connected to the b u f f e r to heat up the 
t o t a l system and the buffer contents and to maintain the system pressure. 
The heater rod instrumentations (15) e x i t from the lower end of the rod assem­
bl y as do the e l e c t r i c power connections (14) f o r the heater rods. However, 
the i n s t r u m e n t a t i o n of the sleeve blockages i s l e d to the top end of the 
housing such that i t does not i n f l u e n c e the two-phase mixture r i s i n g from 
the bottom. The housing i s i n s u l a t e d to reduce the heat l o s s to the outside 
a i r environment. 

4. Test S e c t i o n Design 

E l e c t r i c a l l y heated rods of PWR dimensions are used to simulate the 
nuclear f u e l rods. Figure 3, a working drawing of an instrumented heater 
rod, shows the a x i a l dimensions. Figure 4 shows the cross s e c t i o n of the 
heater rod which has an outer diameter of 10.75 mm. A s p i r a l wound heating 
element of NiCr 80 20 (ASTM B 344-60) i s embedded i n the e l e c t r i c a l i n s u l a t o r 
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Cladding (Ni Cr 80 20)-, 

Insulator (MgO) . 

Fitter Material (MgO) 

Heater Element (Ni Cr 80 20) 

Thermocouple 

-10,75 

Dimensions are in millimeters 

F i g . 4 Cross s e c t i o n of heater rod 
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3115 

3660 
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of shroud 

(MgO), and then encapsulated i n 
the c l a d of NiCr 80 20 which has a 
w a l l thickness of one m i l l i m e t e r . 
In contrast to a nuclear f u e l rod 
w i t h a Z i r c a l o y cladding and a gas 
f i l l e d gap, t h i s heater rod i s a 
" s o l i d type" u s u a l l y used f o r 
therm a l - h y d r a u l i c t e s t s . A gas 
f i l l e d gap between cladding and 
the e l e c t r i c a l i n s u l a t i o n i s not 
provided. The cosine power p r o f i l e 
of the f u e l rods i s approximated 
by seven steps of d i f f e r e n t s p e c i ­
f i c power. The le f t - h a n d side 
sketch of F i g . 5 shows the a x i a l 
power d i s t r i b u t i o n of the heater 
rod w i t h a length of 3900 mm. The 
average power step l e v e l i s shown 
together w i t h the length of each 
power step. The a x i a l power pro­
f i l e i s f l a t . The peak to average 
r a t i o amounts to 1.19. The 5x5 rod 
bundle i s placed i n a square sec­
t i o n housing w i t h an i n s i d e w i d t h 
of 78.5 mm. The housing of s t a i n ­
l e s s s t e e l (AISI 316 T i ) has a 
w a l l thickness of 6.5 mm. The hea­
t e r rod p i t c h i s 14.3 mm. The 
right-hand side of F i g . 5 shows 
the a x i a l p o s i t i o n of seven o r i g i ­
n a l KWU-PWR g r i d spacers which are 
located at the bundle midplane 
( a x i a l l e v e l 2025 mm) and every 
545 mm above and below that l e v e l . 
The g r i d spacers are attached to 
the rods by f r i c t i o n . They are 

F i g . 5 A x i a l heater rod layout 
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s l i d i n g i n the housing i n the case of d i f f e r e n t a x i a l elongation of housing 
and rod bundle. 

The heater rods are bolted to the top flange of the t e s t s e c t i o n (zero l e v e l 
and therefore reference l e v e l f o r a l l a x i a l bundle p o s i t i o n s ) , and the lower 
ends of the rods penetrate through the t e s t assembly pressure b a r r i e r . The 
penetration i s accomplished using O-ring sealings and a l l o w s a x i a l movement 
of the heater rods r e l a t i v e to the housing. Weights are hung from the bottom 
end of the rods to prevent them from bowing due to f r i c t i o n i n the s e a l i n g 
during temperature changes. 

To i n v e s t i g a t e e f f e c t s of ballooned f u e l rod claddings on the r e f l o o d t h e r -
mohydraulics, sleeves of 180 mm length are used. Figures 6 and 7 show the 
shape of sleeves selected to simulate the smooth geometry expected from 
ballooned rod claddings w i t h blockage of 90 % and 62 %, r e s p e c t i v e l y , of the 
subchannel flow areas. In a d d i t i o n side p l a t e devices are placed between the 
sleeves and the housing. They are attached to the sleeves. They are s l i d i n g 
i n the housing i n the case of d i f f e r e n t a x i a l e l o ngation of the housing and 
the rod bundle. The a c t u a l length of the remaining subchannels i n the 90 % 
blocked zone i s 65 mm. In the 62 % blocked zone, i t i s 125 mm. The sleeves 
touch the rod surfaces at the ends of the sleeves only. To simulate the gap 
r e s i s t a n c e between a ballooned cladding and the f u e l as w e l l as to reduce 
the heat c a p a c i t y of the a r t i f i c i a l blockage, the remainder of the sleeve i s 
separated from the rod by a gap of 0.8 mm f i l l e d w i t h stagnant steam. The 
i n f l u e n c e s of the heat capacity of the sleeves and the heat r e s i s t a n c e of the 
gap on the t r a n s i e n t sleeve temperatures were compared by c a l c u l a t i o n w i t h 
the behavior of a ballooned f u e l rod. 

5. Instrumentation 

Most part of the t e s t i n s t r u m e n t a t i o n consisted of thermocouples (Chromel-
Alumel), since cladding (TS), sleeve (TH), f l u i d (TF), housing (TK) and g r i d 
spacer (TA, t e s t s e r i e s IV and V I I I ) temperatures were to be measured at 
various p o s i t i o n s . Figure 8 shows a schematic diagram of the a x i a l l e v e l s of 
the TC measuring p o s i t i o n s . This diagram enables to r e l a t e the measuring 
p o s i t i o n s to the g r i d spacer p o s i t i o n s as w e l l as to the s p e c i f i c power 
zones. However, not a l l TC measuring p o s i t i o n s were instrumented f o r the 
i n d i v i d u a l t e s t s e r i e s . More d e t a i l s can be taken from the computer channel 
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l i s t i n g s included i n t h i s report f o r t e s t s e r i e s I through IV (cf. appen­
dices at the end of the p l o t t e d data of each t e s t s e r i e s ) . 

Cladding and sleeve temperatures were measured w i t h 0.5 mm sheath diameter 
thermocouples having i n s u l a t e d j u n c t i o n s . These thermocouples were embedded 
i n grooves which were m i l l e d i n t o the outer surface of the rod claddings and 
the sleeves. The grooves were closed by brazing over the t o t a l length to 
avoid any disturbance of the coolant flow. 

Generally, the f l u i d temperature was measured w i t h unshielded thermocouples 
of 0.25 mm outer sheath diameter. The j u n c t i o n s protruded i n t o the f l o w 
channels. Only f o r t e s t s e r i e s I through I I I some few shielded f l u i d thermo­
couples were i n s t a l l e d . The e f f e c t of the s h i e l d i n g s i s described i n Ref. 
/ I / . Pressures and pressure d i f f e r e n c e s were measured w i t h pressure transdu­
cers. In a d d i t i o n to the i n l e t and o u t l e t pressure, the pressure d i f f e r e n c e s 
were measured along the e n t i r e bundle length, along both the lower and upper 
portions of the bundle as w e l l as along the bundle midplane. The f l o o d i n g 
rate was measured w i t h a turbo flowmeter. The amount of the water c a r r i e d 
over was measured continuously by a pressure transducer at the water c o l l e c t ­
i n g tank. 

A l l data were d i g i t a l l y recorded w i t h a scan frequency of 10 c y c l e s per 
second. 

The data a c q u i s i t i o n system i s described i n Ref. HI. 

6. Test Parameters 

The main t e s t parameters varied are shown i n F i g . 9: 
- Bundle geometry, 
- Flooding r a t e given as f l o o d i n g v e l o c i t y , i.e. the v e l o c i t y of the r i s i n g 

water l e v e l i n the cold bundle, 
- System pressure. 

Flooding r a t e , system pressure, and feedwater temperature were kept constant 
during each t e s t run. However, at the beginning of r e f l o o d , the feedwater 
was heated up by the hot environment of the lower plenum. Nevertheless, some 
few seconds l a t e r the feedwater temperature decreased and reached the de-
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T e s t S e r i e s I 
T e s t S e r i e s I I 

T e s t S e r i e s I I I 
T e s t S e r i e s V 
T e s t S e r i e s VI 
90% Blockage 

T e s t S e r i e s IV 
T e s t S e r i e s VI 
62% Blockage 

T e s t S e r i e s VI I 
62% Blockage 

T e s t S e r i e s VI Il 
90% B lockage 

FLOODING PARAMETERS 

T e s t S e r i e s 1 1 1 1 1 1 IV V VI VI 1 VI 1 1 

F lood i ng Ve1oc i t y 
( c o l d bund 1e) 
Cons tan t Dur ing Each T e s t 

cm/s 3 . 8 , 5.8 3 . 8 , 5.8 3 .8 , 5.8 3 . 8 , 5 .8 
( 2 . 2 , 10. ) 

2 . 2 , 3.8 
5.8 

2 . 2 , 3 .8 
5.8 

3 . 8 , 5 .8 
(2 .2 ) 

3 . 8 , 5 .8 
(2 .2 ) 

System P r e s s u r e 
Cons tan t Dur ing Each T e s t 

ba r 2 , 4 , 6 2 , 4, 6 2, 4, 6 2 , 4, 6 
(4) 

4 4 2 , 4, 6 
(4) 

2 , 4 , 6 
(2 , 4) 

Feedwater Temperature 
Constan t Dur ing Each T e s t 

°C 40 ° C , some few t e s t s w i t h 80 °C 

Max. C1 add ing Temperature 
(a t s ta r t o f ref1ood i ng) 

°C between 700 and 800 ° C , some few t e s t s between 600 and 7 0 0 ° C 

Max. Hous ing Temperature 
(at s ta r t o f r e f l o o d ing) 

°C between 600 and 700 ° C , some few t e s t s between 500 and 6 0 0 ° C 

Bund 1e Power kW at s t a r t o f ref1ood ing 200 kw, 120% ANS decay heat t r a n s i e n t 40 s a f t e r shutdown, 
some few t e s t s w i th c o n s t a n t bundle power 

Steam Coo Ii ng T e s t s T e s t s e r i e s VI I and VI I I i n c l u d e s teady s t a t e and t r a n s ien t t e s t s f o r wh ich Iow bundle power 
and system p r e s s u r e s o f 2, 4 and 6 ba r we re s e l e c t e d . 

g. 9 5x5 rod bund Le: Test mat r i x of test ser i es I through VIII 
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s i r e d value. The i n i t i a l bundle power of about 200 kW was followed by a 
decay heat t r a n s i e n t corresponding to 120 % ANS standard 40 s a f t e r shutdown 
of a reactor. 

The t e s t s performed are l i s t e d i n Tables 1 through 4 by which the p l o t t e d 
data of each t e s t s e r i e s are introduced. 

7. Data Informations 

For the data t r a n s f e r , data management, heat t r a n s f e r a n a l y s i s , and data 
re p r e s e n t a t i o n a d e t a i l e d computer code was w r i t t e n /3/ using the p h y s i c a l 
p r o p e r t i e s of the s p e c i f i c m a t e r i a l s programmed i n the PEW code /4/. 

For each t e s t s e r i e s the f o l l o w i n g t a b l e s , f i g u r e s , p l o t s , and l i s t i n g s are 
included: 

a) Summary and comment t a b l e . 
This t a b l e gives an overlook over the i n d i v i d u a l t e s t runs, i.e. f l o o d i n g 
v e l o c i t y , system pressure, feedwater temperature, bundle power t r a n s i e n t . 

b) Information f i g u r e f o r i d e n t i f i c a t i o n of rod bundle measuring p o s i t i o n s . 
The upper part of the f i g u r e shows the cross s e c t i o n a l geometry at the 
bundle midplane, the rod numbers, the type of rod instrumentation, the 
thermocouple numbers, the sleeve instrumentation (TH, i n case of i n v e s t i ­
g a t i o n of blockage e f f e c t s ) , the f l u i d thermocouples (TF), the housing 
thermocouples (TK), the g r i d spacer thermocouples (TA, i n case of i t s 
ins t r u m e n t a t i o n ) . 
In the lower part of the f i g u r e the a x i a l p o s i t i o n s of the cladding 
i n s t r u m e n t a t i o n are l i s t e d . 

c) Layout of the bundle geometry. 
The main purpose of t h i s layout i s to i d e n t i f y the main measuring p o s i ­
t i o n s upstream and downstream of the bundle midplane. Again, i t i s to 
point out that a l l a x i a l l e v e l s are referenced to the top flange of the 
rod bundle (zero l e v e l ) . 

d) Data p l o t s of t e s t s e r i e s I . 
I t should be noted that f o r each set of data of the i n d i v i d u a l t e s t 
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s e r i e s t r a n s i e n t s versus r e f l o o d time were p l o t t e d which were measured at 
i d e n t i c a l rods and e l e v a t i o n s , r e s p e c t i v e l y . The same i s v a l i d f o r the 
t r a n s i e n t f l u i d and housing temperatures which were taken from i d e n t i c a l 
measuring devices to make e a s i e r a comparison from t e s t run to t e s t run 
and from t e s t s e r i e s to t e s t s e r i e s , r e s p e c t i v e l y . 
The p l o t s show i n d e t a i l : 
- I n i t i a l a x i a l temperature p r o f i l e of the cladding, 
- Test parameters: Flooding v e l o c i t y /cm/s/, system pressure /bar/ mea­

sured i n the b u f f e r , feedwater temperature /°C/, bundle power /kW/, 
- Cladding temperatures /°C/ measured at f i x e d l e v e l s of 345 mm down­

stream of the l e a d i n g edge of each g r i d spacer, 
.9 

Heat t r a n s f e r c o e f f i c i e n t s /W/(cm K)/ corresponding to the afore 
mentioned cladding temperatures, 
The heat t r a n s f e r c o e f f i c i e n t s are r e l a t e d to the s a t u r a t i o n tempera­
ture corresponding to the system pressure. In contrast to a l l other 
data p l o t t e d i n t h i s report, a smoothing subroutine of the computer 
code was a p p l i e d to s u b s t i t u t e each data point of the cladding tempera­
ture t r a n s i e n t by the a r i t h m e t i c mean value of the previous and f o l l o w ­
ing 25 points f o r heat t r a n s f e r a n a l y s i s only. In t h i s context i t should 
be reminded that the data were recorded w i t h a scan frequency of 10 
cy c l e s per second. 

- Cladding temperatures measured upstream of the bundle midplane, 
Corresponding heat t r a n s f e r c o e f f i c i e n t s , 

- Cladding temperatures at the bundle midplane, 
Corresponding heat t r a n s f e r c o e f f i c i e n t s , 

- Cladding temperatures measured downstream of the bundle midplane, 
Corresponding heat t r a n s f e r c o e f f i c i e n t s , 

- Cladding-, f l u i d - , housing temperatures measured at the same a x i a l 
p o s i t i o n , 

- Pressure drop /bar/ along the e n t i r e bundle le n g t h , the lower p o r t i o n 
of the bundle, the bundle midplane, the upper p o r t i o n of the bundle, 

- Coolant o u t l e t : water c a r r i e d over /kg/ measured i n the water c o l l e c t ­
i n g tank, steam temperature /°C/ and pressure /bar/ both measured i n 
the upper plenum, 

- A x i a l p o s i t i o n s of the quenchfront /mm/ as f u n c t i o n of r e f l o o d time. 

e) L i s t i n g of the computer channel numbers and of data i d e n t i f i c a t i o n f o r 
the data a v a i l a b l e on tapes or i n the USNRC/RSR Data Bank. 
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f ) Data p l o t s of t e s t s e r i e s I I . 
Corresponding to the p o s i t i o n s a) through e), the informations f o r t e s t 
s e r i e s I I are included. 

g) Data p l o t s of t e s t s e r i e s I I I . 
Corresponding to the p o s i t i o n s a) through e), the informations f o r t e s t 
s e r i e s I I I are included. 
However, the cladding temperatures and the corresponding heat t r a n s f e r 
c o e f f i c i e n t s are p l o t t e d f o r both the bypass region and the blocked r e ­
gion. 

h) Data p l o t s f o r t e s t s e r i e s IV. 
Corresponding to the p o s i t i o n s a) through e), the informations f o r t e s t 
s e r i e s IV are included. 
However, the cladding temperatures and the corresponding heat t r a n s f e r 
c o e f f i c i e n t s are p l o t t e d f o r both the bypass region and the blocked r e ­
gion. In a d d i t i o n two diagrams show the g r i d spacer temperatures measured 
at two d i f f e r e n t a x i a l p o s i t i o n s . 

i ) A d d i t i o n a l remarks concerning data informations. 
The data a c q u i s i t i o n system to recording the data of t e s t s e r i e s I through 
VI was l i m i t e d to a maximum input voltage of 40 mV. This l i m i t a t i o n has 
led to shut down of the thermocouple s i g n a l s above about 1020 °C when the 
input was overloaded. In t h i s case "room temperature" was i n d i c a t e d f o r 
the time span of the overflow. An example i s p l o t t e d i n F i g . 332 showing 
data of t e s t run No. 267 of t e s t s e r i e s IV. This overflow occurred f o r few 
measuring p o s i t i o n s i n t h i s t e s t run only performed w i t h the lowest f l o o d ­
ing v e l o c i t y selected. Such s i g n a l s are v a l i d f o r the whole range except 
the overflow, since i t i s not caused by thermocouple f a i l u r e s . Thermo­
couple f a i l u r e s are c h a r a c t e r i z e d by meaningless t r a n s i e n t s and they are 
e a s i l y detectable. However, i n the most cases they are mentioned i n the 
data channel l i s t i n g s f o r each i n d i v i d u a l t e s t . Since the data are presen­
ted as measured please keep i n mind these remarks using data from computer 
storage or tapes. 



— 17 — 

8. References 

[1] I h l e , P.; Rust, K.: 
"FEBA - Flooding Experiments w i t h Blocked Arrays, 
Ev a l u a t i o n Report" 
KfK 3657, March 1984 

[2] I h l e , P.; Rust, K.: 
"FEBA - Flooding Experiments w i t h Blocked Arrays, 
Data Report 2, Test Series V Through V I I I " 
KfK 3659, March 1984 

[3] Rust, K.; et a l . : 
"DAS - E i n Daten-Auswerte-System" 
(to be published as KfK-Report) 

[4] Rust, K.; Malang, S.; Götzmann, W.: 
"PEW - E i n FORTRAN IV-Rechenprogramm zur B e r e i t s t e l l u n g p h y s i k a l i s c h e r 
Eigenschaften von Werkstoffen für LWR-Brennstäbe und deren Simulatoren" 
KfK-Ext. 7/76-1, Dez. 1976 



I 

— 18 — 



TEST SERIES I 

Base Line Tests With Undisturbed Bundle Geometry, 
7 G r i d Spacers 

Test No. Flooding System Feedwater Bundle Power 2 Remarks 
V e l o c i t y Pressure Temp l 

( cold) 
cm/s bar °C kW 

0-30 s End 0 s Transient 

223 3.8 2.2 44 36 200 120% ANS Figs 12 Through 26 
216 3.8 4.1 48 37 200 120% ANS Figs 27 Through 41 
220 3.8 6.2 49 37 200 120% ANS Figs 42 Through 58 
218 5.8 2.1 42 37 200 120% ANS Figs 57 Through 71 
214 5.8 4.1 45 37 200 120% ANS Figs 72 Through 88 
222 5.8 6.2 43 36 200 120% ANS Figs 87 Through 101 

210 2.8 4.2 48 39 200 120% ANS Data Not P l o t t e d 
221 2.8 6.1 51 37 200 120% ANS Däta Not P l o t t e d 
227 3.8 6.1 53 38 200 120% ANS Data Not P l o t t e d 
219 5.8 6.1 50 37 200 120% ANS Data Not P l o t t e d 

1) Measured i n the lower plenum 
2) Decay heat t r a n s i e n t corresponding 120% ANS Standard 40 s a f t e r shutdown 

of the rea c t o r 

Table 1 FEBA 5x5 rod bundle: Main t e s t parameters of t e s t s e r i e s I 
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Rod TC A x i a l Rod TC A x i a l 
Type No. Level Type No. Level 

mm mm 

a 1 2225 e 1 2075 
2 2770 2 2125 
3 3315 3 2175 
4 3860 4 2225 

b 1 45 f 1 2125 
2 590 2 2225 
3 1135 3 2325 
4 1680 4 2425 

c 1 3725 g 1 1625 
2 3825 2 1725 
3 3925 3 1825 
4 4025 4 1925 

d 1 2025 h 1 1925 
2 2025 2 2025 
3 2025 3 2125 
4 2025 4 2225 

Rod TC A x i a l 
Type No. Level 

mm 

x without TC's 

Fig . 10 5x5 rod bundle: R a d i a l and axia l loca= 
tion of cladd ing, f lu id and hous ing TC 's 
for test series I 
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1625 mm 

1725 mm 

1825 mm 

1925 mm 

Grid 
Spacer 
2025 mm 

2125 mm 

2225 mm 

Fig . 11 5x5 rod bundle: Layout of the bundle 
geometry of test series I 
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cladding temperature 
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F i g . l«A FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . 15 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . IB FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . 17 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . 18 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . 19 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 2 
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F i g . 20 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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F i g . 21 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 



a x i a l l e v e l : 1 7 2 5 mm 

1000 

300H 

6004 

UOÖi 

2004 

A cladding temperature U9g2] 
»fluid temperature 
n housing temperature 

ISO 

d e c a y h e a t 120% RMS s t a n d a r d 
f l o o d i n s r a t e [ c o l d ) 3 . 8 2 c m / s 
s y s t e m p r e s s u r e 2 . 2 1 b a r 
f e e d w a t e r t e m p e r a t u r e 4 0 d e g C 

5 0 0 55I 
T I M E S 

g. 22 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 



a x i a l l e v e l : 1625 mm 

1000 

800H 

LU 
a 
LU 
az 

600H 

£ 400 
OL. sr 
IU 

200 

A cladding temperature tl 9 g l l 
o f l u i d temperature 
a housing temperature 

CO CO 

-50 4 5 0 500 550 
TIME 5 

decay heat 
flooding rate tcoldl 
system pressure 
feedwater temperature 

1207. ANS standard 
3.82 cm/s 
2.21 bar 

40 deg C 

F i g . 23 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 



pressure loss 
along the test s e c t i o n : 

* t o t a l length: 1196 mm 
A lower part: 2711 nm 
» middle part: 545 rrm 
s upper part: 1940 mm 

CO 

-100 800 TEHE S 

d e c a y heat-
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% ANS s t a n d a r d 
3 . 8 2 c m / s 
2 . 2 1 b a r 

4 0 d e g C 

J 1 & 

F i g . 21 FEBfl: 5x5 ROD BUNDLE, TEST SERIES l f TEST-No. 223 



coolant o u t l e t cond i t i ons: 

12. Si 

10. OH 

10004 

8001 

10-

o 
CC 
LU 
> 

>-
CC 
CC 
CC 
o 
CC 
LU 

7.5H 

5.01 

LU 
Q 

LU 
CC 

CC 
CC 
LU 
Q_ 
2C 
LU 

2.5H 

0.0 J 

600H 

U00H 

200H 

0 J 

cc 
CC 
CD 

LU 
CO 
to 
LU 
CC 
0_ 

84 

61 

2H 

-100 

A water carry over 
» coolant temperature 
D coolant pressure 

8 

2 0 0 300 4 0 0 5 0 0 5 0 0 700 800 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e i cq i d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. ANS s t a n d a r d 
3 . 8 2 c m / s 
2 . 2 1 b a r 

4 0 d e g C 

m T R B " 

F i g . 25 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 223 
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a x i a l position of the quench front 

5 0 0 

1 0 0 0 

1 5 0 0 

L7j 2 0 0 0 
>• 
LU 

CC 

x 2 5 0 0 

3000H 

3 5 0 0 H 

4 0 0 0 
2 5 0 5 0 0 750 1 0 0 0 T I M E S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. ANS s t a n d a r d 
3 . 8 2 c m / s 
2 . 2 1 b a r 

40 deg c 

F i g . 26 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 223 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f t h e c l a d d i n g 

500 

10001 

15001 

LTJ 2000 
> 
LÜ 

CE 

3 0 0 0 

3500-

4000-
0 250 500 750 1000 TEMPERATURE DEG C 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120Z ANS s t a n d a r d 
3 . 8 1 e m / s 
4 . 1 2 b a r 

40 d e g c 

HOTTET 

F i g . 27 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 216 
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cladding temperature 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RIMS s t a n d a r d 
3 . 8 1 c m / s 
4 . 1 2 P a r 

uo d e g c 

U S T R B 

F i g . 29 FEBfi: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



heat transfer coeff. 

0.054 TC I ax. l e v e l 
X 18a3 1 3315 mm 
Y 18s2 1 2770 mm 
« 18al 1 2225 mm 

12bU I 1680 mm 
12b3 i 1135 mm 

© 12b2 1 590 mm 

TIME S 

decay heat 
flooding rate (coId) 
system pressure 
feedwater temperature 

1207. ANS standard 
3.81 cm/s 
«4.12 bar 

40 deg C 

U S T H F 

F i g . 30 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 
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heat transfer coeff. 

0.054 TC ax. Level 

0.00 

* 7fU I 2U2S rrm 
A 7f3 I 2325 mm 
© 7f2 i 2225 rrm 
a 7 f l 1 2125 mm 

CO 

300 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. HNS standard 
3.81 cm/s 
4.12 bar 
40 deg C 

USTRB" 

F i g . 32 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



cladding temperature 

d e c a y h e a t 120% R N S s t a n d a r d 
f l o o d i n g r a t e f co Id I 3 . 8 1 c m / s 
s y s t e m p r e s s u r e 4 . 1 2 o a r 
f e e d w a t e r t e m p e r a t u r e 4 0 d e g C 

F i g . 33 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



heat transfer coeff. 

0.05H TC j a x i a l l e v e l 

0.00 

13d3 
1 Q r l O 

D 1 3 d l I 

2025 rrm 
2025 mn 
2025 rrm 

300 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. HNS standard 
3.81 cm/s 
" i . 12 bar 

40 deg C 

USTW 
F i g . 3U FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 21 



cladding temperature 

d e c a y h e a t 
r l o od i n g r a t e te o i d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

12QK RNS s t a n d a r d 
3 . 8 1 c m / s 
^ . 1 2 o a r 
m dep, C 

[RB 

F i g . 35 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



heat transfer coeff. 

0.05H 

0.00 

TC J ax. l e v e l 

* 19gU I 1925 rrm 
A 19g3 j 1825 rrm 

19g2 
19gl 

1725 mm 
1625 mm 

250 300 «400 TIME 3 

decay heat 
flooding rate Ceo id) 
system pressure 
feedwater temperature 

1207. HNS standard 
3.81 cm/s 
«4.12 bar 

«40 deg C 

F i g . 36 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



a x i a l l e v e l : 1725 rrm 

l o o r H 

800H 

6004 

UOOH 

200 

A cladding temperature Ü9g23 
o> f l u i d temperature 
D housing temperature 

00 

100 1 5 0 2 0 0 2 5 0 3 0 0 350 1 0 0 T I M E S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120?; RNS s t a n d a r d 
3 . 8 1 c m / s 
«4.12 o a r 

« 0 d e s C 

ÜOTTB" 

g. 37 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



a x i a l l e v e l : 1625 mn 

1 0 0 0 

8 0 0 H 

c_> 
o 
Ui 
Q 6 0 0 
LU 
QZ 

CE 

£ 4 0 0 
Q_ 

LU 

2 0 0 H 

- 5 0 50 100 1 5 0 200 250 300 3 5 0 

Ä cladding temperature tl 9 g l l 
o f l u i d temperature 
a housing temperature 

CO 

400 TIME 3 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. FINS standard 
3.81 cm/s 
L1.12 bar 

40 deg C 

VffklL 
i f t ÜCURB" 

F i g . 3a FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



pressure loss 
along the test s e c t i o n : 

* t o t a l length: «4196 rrm 
A lower part: 1711 rrm 
©middle part; 5«45 mm 
a upper part: 19U0 rrm 

d e c a y h e a t 
f l o o d i n g r a t e ( c o I d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3.31 c m / s 
«4.12 b a r 

«40 d e g C 

LMTRB" 

F i g . 39 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 



coolant o u t l e t conditions: 

d e c a y h e a t 
f l o o d i n g r a t e ( c o I d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 1 c m / s 
1 4 . 1 2 b a r 

140 d e g C 

TRB 

F i g . m FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 216 
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a x i a l position of the quench front 

4 0 0 0 
2 5 0 5 0 0 7 5 0 1 0 0 0 T I M E S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 1 c m / s 
t . 1 2 b a r 

10 d e g C 

USTHF" 

F i g . ui FEBA: 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 216 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f t h e c l a d d i n g 

0 

5 0 0 

1 0 0 0 H 

1 5 0 0 

L7J 2 0 0 0 
> 
LU 

I 
I 

CC 

x 2 5 0 0 

3000H 

3 5 0 0 H 

4:000-
0 2 5 0 5 0 0 7 5 0 1 0 0 0 T E M P E R A T U R E OEG C 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120X ANS s t a n d a r d 
3 . 8 5 c m / s 
6 . 1 8 b a r 

4 0 d e g C 

Ä 

F i g . 42 FEBfii 5x5 ROD BUNDLE 
TEST SERIES 1 P TEST-No. 220 
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cladding temperature 

d e c a y h e a t 
f l o o d i n g r a t e (cold) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 5 cm/s 
5 . 1 8 b a r 

4 0 d e g C 

# 1 I R B 

F i g . <W FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



heat transfer coeff. 

0.054 

0.044 

TC I ax. Level 
X 18a3 1 3315 rrm 
T 18a2 1 2770 rrm 

18al 1 2225 rrm 
12bU 1 1680 mm 

A. 12b3 1 1135 mm 
O 12b2 1 590 mm 

I 
I 

TIME 3 

decay heat 
flooding rate (coId) 
system pressure 
feedwater temperature 

1207. RNS standard 
3.85 cm/s 
6.18 bar 

40 deg C 

n # v z 
i& H O T 

F i g , i45 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



cladding temperature 

3 0 0 C H TC 

* 7f*4 
* 7 f 3 
® 7f2 
a 7 f 1 

ax. l e v e l 

2 3 2 5 mm 
2 2 2 5 mm 
2 1 2 5 mm 

oo 

TIHE 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120?« RNS s t a n d a r d 
3 . 8 5 c m / s 
6 . 1 8 b a r 

u o d e g c 

J B B 

F i g . 146 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No - 220 



heat transfer coeff. 

0.054 

0.00 

TC 1 ax. Level 

* 7fU 1 
A 7f3 I 
© 7f2 I 
a 7 f l I 

2U25 rrm 
2325 mm 
2225 rrm 
2125 mm 

CD 

-50 100 2 0 0 250 300 TIME S 

decay heat 
flooding rate Icoldl 
system pressure 
feedwater temperature 

1207. ANS standard 
3.85 cm/s 
6.18 bar 

U0 deg C 

F i g . i47 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



cladding temperature 

3 000 

8004 

o 
UJ 
o 

LU 

ex 
UJ 
0_ 
2 : to f— 

6004 

«100 

200H 

TC I ax. l e v e l 

A 13d 3 
« I3d2 
n 13dl 

i 2025 nm 
1 2025 nrm 
i 2025 nm 

o 

T [ME 

d e c a y h e a t 
f l o o d i n g r a t e ICQ i d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RMS s t a n d a r d 
3.35 c m / s 
6.18 b a r 

«40 d e g c 

LKl EBB 

F i g . «48 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No, 220 



h e a t t r a n s f e r c o e f f . 

0.05^ TC a x i a l l e v e l 

0.00 

13d3 
13d2 
13dl 

2025 rrm 
2025 mm 
2025 rrm 

300 TIME 3 

decay heat 
flood i ng rate tcold3 
system pressure 
feedwater temperature 

120% ANS standard 
3.85 cm/s 
6.18 bar 

ii0 deg C 

USTRF 

F i g . 49 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



cladding temperature 

d e c a y h e a t 1 2 0 2 RNS s t a n d a r d 
f l o o d i n s r a t e ( c o l d ) 3 . 8 5 c m / s 
s y s t e m p r e s s u r e 6 . 1 8 D a r 
f e e d w a t e r t e m p e r a t u r e 4 0 d e g C 

JV/TnVZ-

F i g . 50 FEBA; 5x5 ROD BUNDLE, TEST SERIES 1 P TEST-No. 220 



heat t r a n s f e r coeff. 

O.OSH TC ax. l e v e l 

0.00 

19gU 1 1925 mm 
A 19g3 I 1825 mm 
o 19g2 1 1725 mm 
a 19gl I 1625 mm 

CO 

-50 400 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. RNS standard 
3.85 cm/s 
6.28 bar 

40 deg C 

F i g . 51 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



a x i a l l e v e l : 1725 rrm 

A cladding temperature 
©fluid temperature 

housing temperature 

(19g23 

CD 

4 0 0 T EHE 5 

decay heat 
flood i n s r a t e (cold) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS standard 
3.85 c m / s 
6.18 bar 

40 deg C 

IRB 

F i g * 52 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



a x i a l leveI: 1625 mm 

1000-1 & cladding temperature 119g 1) 
o f l u i d temperature 
a housing temperature 

03 CJl 

mo T I M E s 

decay heat 
flooding rate (cold3 
system pressure 
feedwater temperature 

12OX ANS standard 
3.85 cm/s 
6.18 bar 

HO deg C 

LfSTW 
F i g . 53 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 



pressure Loss 
along the test s e c t i o n : 

0.«H 

Q . 3 A 

CC (X CD 

E3 

UJ 
DC 

17? 0. 1 to tu fr 

- 0 . 1 
- 1 0 0 

* t o t a l length: 4 1 9 6 rrm 
A lower part: 1711 mm 
© middle part; 5 4 5 mm 
° upper part: 1 9 4 0 mm 

1 0 0 200 3 0 0 400 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 5 c m / s 
6 . 1 8 b a r 

4 0 d e g C 

F i g . 5i4 FEBfli 5x5 ROD BUNDLE, TEST SERIES l f TEST-No. 220 



coolant o u t l e t conditions: 

A water carry over 
© coolant temperature 
n coolant pressure 

d e c a y h e a t 1207. RNS s t a n d a r d 
f l o o d ing r a t e f co Id ) 3 . 8 5 c m / s 
s y s t e m p r e s s u r e 6 . 1 8 b a r 
f e e d w a t e r t e m p e r a t u r e UG d e g C 

Wmm. 

F i g . 55 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 220 
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a x i a l p o s i t i o n of the quench f ron t 

4 0 0 0 
2 5 0 5 0 0 7 5 0 1 0 0 0 T I M E 3 

d e c a y h e a t 
f l o o d i n g r a t e (co Id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
3 . 8 5 c m / s 
6 . 1 8 b a r 

40 deg C 

F i g . 56 FEBfli 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 220 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f t h e c t a d d i ing 

5 0 0 

1 0 0 0 

1 5 0 0 

ED 2000-1 
> 

cr 
x 2500-1 

3 0 0 0 H 

3 5 0 0 H 

14000-
2 5 0 5 0 0 7 5 0 1 0 0 0 T E M P E R R T U R E D E G C 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1 2 0 Z RNS s t a n d a r d 
5 . 8 1 c m / s 
2 . 0 8 b a r 

HO d e g C 

F i g 8 57 FEBfli 5x5 ROD BUNDLE 
TEST SERIES 1 P TEST-No. 218 
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cladding temperature 

1 0 0 0 H TC I ax. l e v e l 

+ 
x 

<5 

1 8 a 4 
1 8 a 3 
1 8 a 2 
1 8 a l 
1 2 b 4 
12fa3 
1 2 b 2 
1 2 b l 

3 8 6 0 mm 
3 3 1 5 mm 
2 / 7 0 mm 
2 2 2 5 mm 
1 6 8 0 mm 
n : rmn 

5 9 0 mm 
4 5 mn 

- 1 0 0 S 0 0 T I N E S 

d e c a y h e a t 
f l o o d i n g , r a t e ( c o l d ) 
sys tems p r e s s u r e 
f e e d t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 8 1 c m / s 
2 . 0 8 b a r 

4 0 deg C 

F i g . 59 FEBA: 5x5 ROD BUNDLE, TEST SERIES l f TEST-No. 218 



heat transfer coeff. 

0.05H TC 

18a3 
13a2 
ISal 
12bU 
12b3 
12b2 

ax. Level 

3315 mm 
2770 mm 
2225 rrm 
1680 mm 
1135 mm 
590 mm 

- J 
co 

-100 800 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. RNS standard 
5.81 cm/s 
2.08 bar 

40 deg C 

i & tans-

F i g . 60 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



cladding temperature 

1000- TC I ax. l e v e l 

UJ 

UJ 
OC 

800-

600H 

CE 

£ Ü00-
0_ 

UJ 

• 7f4 
Ä 7f3 
o 7f2 
rn 7f 1 

2425 mm 
2325 nnm 
2225 mm 
2125 mn 

0-
-50 i 

50 100 150 200 300 400 TIME 3 

d e c a y h e a t 
f l o o d i n s r a t e Ceo i d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RMS s t a n d a r d 
5.81 c m / s 
2.08 b a r 

40 d e g C 

#2 
I K T R B ' 

F i g . 61 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



heat tra n s f e r coeff. 

0.Q5H TC ax. Level 

<> 7fU ! 
A 7f3 I 
o 7f2 ! 
a 7 f l I 

2U25 mm 
2325 mn 
2225 mm 
2125 mm 

cn 

0.00 
250 300 350 400 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. flNS standard 
5.81 cm/s 
2.08 bar 

40 deg C 

F i g . 62 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



cladding temperature 

I Q D C H TC i ax. l e v e l 

A 13d3 ! 
« I3d2 I 
D 13dl { 

2025 mm 
2025 mm 
2025 mm 

CD 

400 TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1202 flNS s t a n d a r d 
5«81 c m / s 
2.08 D a r 

40 d e s C 

ist M R B 

F i g . 63 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



heat transfer coeff, 

0.05-

0.04-

x 0.034 
ru 
x 
x 

0.02H 

0.0H 

0.00-
-50 5 0 100 150 2 0 0 250 3 0 0 350 

TC a x i a l l e v e l 
A 1 3 d 3 
o 13d2 
n I 3 d l 

2025 mn 
2025 mm 
2025 rrm 

4 0 0 T I M E S 

decay heat 
flooding rate (coldl 
system pressure 
feedwater temperature 

120X flNS standard 
5.81 cm/s 
2.08 bar 

140 d e g C 

U C T R B " 

F i g . 64 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



cladding temperature 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1 2 0 2 filsiS s t a n d a r d 
5 . 8 1 c m / s 
2 . 0 8 o a r 

4 0 d e g c 

If&tRB 

h 65 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



heat t r a n s f e r coeff. 

TC ! ax. Level 

• 19gU I 1925 rrm 
& 19g3 j 1825 mm 
o I9g2 j 1725 mm 
a I9gl j 1625 mm 

CD 

100 150 200 250 300 350 •400 "450 500 TIME 3 

decay heat 
flooding rate (cold] 
system pressure 
feedwater temperature 

1207. RNS standard 
5.81 cm/s 
2.08 bar 

t40 deg C 

Ü S T R T 

FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



a x i a l l e v e l : 1725 mm 

10004 & cladding temperature (19g2) 
o f l u i d temperature 
B housing temperature 

CD O 

250 3 0 0 350 4 0 0 1450 5 0 0 TIKE S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120?: flNS s t a n d a r d 
5 . 8 1 c m / s 
2 . 0 8 b a r 

4 0 d e g C 

F i g . 67 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 218 



a x i a l l e v e l : 1625 mm 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. RNS standard 
5.81 cm/s 
2.08 bar 

40 deg C 

F i g . 68 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 21B 
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— 84 — 

a x i a l position of the quench front 

3 5 0 0 H 

U 0 0 0 
0 2 5 0 5 0 0 7 5 0 1 0 0 0 T I M E 5 

d e c a y h e a t 
f l o o d i n g , r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 1 c m / s 
2 . 0 8 b a r 

10 deg C 

L&TRB" 

F i g . 71 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 218 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f t h e c l a d d i n g 

5 0 C H 

1 0 0 0 -

1 5 0 0 4 

CJ 2 0 0 0 -
> 
UJ 

CC 

x 2500-1 

3 0 0 0 -

3 5 0 0 -

•4000 
2 5 0 500 7 5 0 1 0 0 0 T E M P E R A T U R E D E G C 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1 2 0 2 ANS s t a n d a r d 
5 . 7 7 c m / s 
«4.11 b a r 

«40 d e o C 

g m 

F i g . 72 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 1, TEST-No. 214 



FLOODING RATE CM/S 
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cladding temperature 

10004 

800-

o 
UJ 
o 600-
UJ 
rc 
ZD *— 
t r £ «oo-
D_ z: 
LSJ 

2004 

TC i ax. l e v e l 

Y 

& 
© 
• 

18a4 
18a3 
18a2 
18al 
12b4 
12b3 
12b2 
12bl 

3860 rrm 
33L5 mm 
2770 mm 
2225 rrm 
1680 mm 
1135 mm 
590 mm 
15 mm 

CD 00 

•100 100 200 300 400 500 TIME S 

d e c a y heat 1207. RNS s t a n d a r d 
f l o o d i n g r a t e Ceo i d ) 5 . 7 7 c m / s 
s y s t e m p r e s s u r e »4.11 b a r 
f e e d w a t e r t e m p e r a t u r e 4 0 d e g C 

J R B 

F i g , 74 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 



heat transfer coeff. 

0 . 0 5 - 1 TC ax. Level 

0.00 

x 18a3 I 
r 18a2 I 
* 18al 1 
* 12bU= 1 
* 12b3 I 
© 12b2 i 

3315 rrm 
2770 rrm 
2225 rrm 
1680 mm 
1135 rrm 
590 mm 

00 CD 

TIME S 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. flNS standard 
5.77 cm/s 
it. 11 bar 

40 deg C 

I Ä 
lh LhXTRB" 

F i g - 75 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 21U 



cladding temperature 

1 Q 0 C H TC I ax. l e v e l 

«• 7f4 I 2425 mm 
* 7f3 I 2325 mm 
o 7f2 I 2225 mm 
ca 7 f l I 2125 mm 

CD 
O 

TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. HNS s t a n d a r d 
5 . 7 7 c m / s 
4L. 11 b a r 

HO d e s C 

F i g . 76 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 2114 



heat transfer coeff. 

TC I ax. Level 

o 7fU I 2U25 mm 
A 7f3 I 2325 mm 
o 7f2 I 2225 mm 

7 f l I 2125 mm 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. RNS standard 
5.77 cm/s 
it. 11 bar 
10 deg C 

USTHE" 

F i g . 77 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 2114 



cladding temperature 

10004 TC I ax. level 

A I 3 d 3 
<s 1 3 d 2 
n 13d 1 

2 0 2 5 mm 
2 0 2 5 rrm 
2 0 2 5 mm 

CO 

d e c a y h e a t 
f l o o d i n g r a t e ( c o I d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RMS s t a n d a r d 
5 . 7 7 c m / s 
i i . l l o a r 

HO d e g C 

F i g . 78 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 214 



heat transfer coeff. 

0 . 0 5 4 TC I a x i a l l e v e l 

A 1 3 d 3 I 2 0 2 5 mm 
o 1 3 d 2 I 2 0 2 5 mm 
n 1 3 d1 2 0 2 5 mm 

CD 
CO 

3 0 0 T I M E S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

1207. flNS standard 
5 . 7 7 cm/s 
4 . 1 1 bar 

4 0 deg C 

IM LhSTrTF 

F i g . 79 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 2111 



cladding temperature 

l O O C H TC ax. l e v e l 

19g4 
1 9 g 3 
19g2 
1 9 g l 

1925 
1825 
1725 
1625 

rrm 
rrm 
rrm 
mm 

CO 
-6. 

2 5 0 300 350 400 TIME 3 

d e c a y h e a t 
f l o o d i ng r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. R N S s t a n d a r d 
5 . 7 7 c m / s 
4 . 1 1 b a r 

40 d e g C 

U S T H F 

F i g . 80 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 214 



heat transfer coeff. 

0.0S4 

0.00 

TC I ax. Level 

19gU I 1925 nrm 
1993 I 1825 nrn 
19g2 ! 1725 mm 

a 19gl I 1B25 mm 

CD cn 

400 TIME S 

decay heat 
flooding rate (cold) 
system pressure 
feedwater temperature 

120% flNS standard 
5.77 cm/s 
4.11 bar 
W deg C 

UfiTRB" 

F i g . 81 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 214 



a x i a l l e v e l : 1725 mm 

d e c a y h e a t 1207. RNS s t a n d a r d 
f l o o d ing r a t e ( c o l d ) 5.77 c m / s 
s y s t e m p r e s s u r e 4.11 P a r 
f e e d w a t e r t e m p e r a t u r e 40 d e g C 

liqJlfclRB" 
F i g . 82 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 214 



a x i a l l e v e l : 1625 mm 

10004 
& cLadding temperature (19g11 
©fluid temperature 
n housing temperature 

CO 

TIME S 

decay h e a t 
flooding r a t e (coId) 
system p r e s s u r e 
f e e d w a t e r t empera tu re 

120K HNS s t a n d a r d 
5.77 cm/s 
ti. 11 bar 

m tteg C 

F i g . 83 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, 
THE 

TEST-No 2114 



pressure loss 
along the test s e c t i o n : 

a 
CD 
cr> 
vy 
o 

UJ 
DC 
ZD 
(O 
(T> 
ID 
sc. 
0_ 

O.ii 

0.31 

0.21 

0.1 

0.01 

-0.1 

g j © — 

-100 

* t o t a l length: «4195 mn 
A lower part: 1711 mm 
© middle part: 5*45 rrm 
Q upper part: 1910 mm 

CO 00 

100 200 300 1400 500 TIME 5 

decay heat-
flooding rate fcoldl 
system pressure 
feedwater temperature 

1207. RNS standard 
5.77 cm/s 
i4.l l oar 
MO deg C 

WS llSTiRB" 

F i g . BiA FEBH: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 21H 



coolant o u t l e t conditions: 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. RNS standard 
5.77 cm/s 
14.11 bar 

UO deg C 

I K T R F 

F i g . 85 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 214 



— 100 — 

a x i a l p o s i t i o n o f t h e q u e n c h f r o n t 

3500 

4000 
0 250 500 750 1000 T I M E S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 7 7 c m / s 
4 . 1 1 b a r 

4 0 deg C 

F i 
i g 86 FEBfl: 5x5 ROD BUNDLE 

TEST SERIES 1, TEST-No. 214 



— 101 — 



i n i t i a l a x i a l temperature p r o f i l e of the cladding 

d e c a y h e a t 120X RNS s t a n d a r d 
f l o o d i n g r a t e ( c o l d ) 5 . 7 8 c m / s 
s y s t e m p r e s s u r e 6 . 1 8 b a r 
f e e d w a t e r t e m p e r a t u r e n o d e g c 

S i 
87 FEBfl: 5x5 ROD BUNDLE 

TEST SERIES 1. TEST-No. 2 



FLOODING ARTE C M / S 

-n <Si -*. cx co CD 
co cn o O 
Q. rf O a> 

ZT 
CD -O OD CD 
~i -y QJ 

CD -J c+ <-r cn OJ CD CJ> <->-
3 c CD 
TD -j CD CD . 
-J O CU o 
<•+ (— 
c a. 
CO 

o o 

o 
1 

ro • 1 
CO i CO 

1 
a 
i 

SYSTEM PRESSURE BRR 

a 
L i j ... 

ro 
. i „., 

cu 
1 

Cd 
L t u 

1—» 
a 
i 

FEEDWATER TEMP. C 

O i 
ro 
a 
• 

4= O 
i 

CO 
o 

CO o 
1 

• o 
o 
1 

o 
CH 
o 
i 

BUNDLE 
k—* 
o 
a 
i 

POWER KW 
»—» 
cn 
o 
i 

200-

ro 
cn 
a 
i 

? <J 

0= (V) Q CD CJl O . . ,v 
CL l — * 
CD CO CO X ) 

i d 3E CTQ Ul 
na> 3 

CD 
01 
a 
cx 
OS 
-5 
Q. 

co 

G G M r + 
CD 
CO 

c (üx r <~ 
3 CD U> O 
Q . Q . r+ O XJ r~ 3f SB Q. 0) 
CD S 3 — T 

<-+• zz> 
T3 CD "ü CD 3 
Q T -j CD 

£ <° ~> c -

(6 0» CD 
-> 

3 C CD 
CO 

•Ö T «« 
CD CD 
"7 
a> 
e* 
cz 
~i 
CD 

— E0L — 



cladding tanperature 

1000 TC I at. l e v e l 

-i-
x 
Y 

18aU 
18a3 
18a2 
18al 

* izm 
& 12fa3 
© 12b2 
cs I2bl 

3860 mm 
3315 mm 
2770 mm 
2225 mm 
1680 mm 
1135 mm 
590 mm 
15 mm 

o 

-100 TIHE 

decay heat 120*/. flNS standard 
flooding rate (cold) 5.78 cm/s 
system pressure 6.18 bar 
feedwater temperature 10 deg c 

m tone 

F i g . 89 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 222 



heat transfer c o e f f . 

0.054 TC I ax. Level 

18a3 
18a2 
18a 1 
12bU 
12b3 
12b2 

3315 mm 
2770 mm 
2225 nm 
1680 mm 
1135 mm 
590 mm 

o cn 

TIME S 

decay heat 
flooding rate (co ld3 
system pressure 
feedwater temperature 

1207. RNS standard 
5.78 cm/s 
5.18 bar 

40 deg C 

F i g . 90 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 222 



c Ladding temperature 

1000 TC [ a x . Level 

* 7f4 I 
A 7f3 1 
® 7f2 1 
a 7 f l I 

2425 mil 
2325 nm 
2225 rrnn 
2125 mn 

o 
Ol 

TIME 3 

decay heat 120/: ANS standard 
flooding rate (cold) 5.78 cm/s 
system pressure 8.18 bar 
feedwater temperature 40 deg C 

1RJ tKTfiB" 
F i g . 91 FEBA: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 222 



heat transfer coeff. 

0.054 TC ax. Level 

0.00 

* 7fU j 2U25 rrm 
A 7f3 j 2325 mm 
o 7f2 1 2225 mm 
D 7f1 J 2125 mn 

300 TIME S 

decay heat 
flooding rate (cold] 
system pressure 
feedwater temperature 

1207. flNS standard 
5.78 cm/s 
6.18 bar 

40 deg C 

WmWL 

F i g . 92 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 222 



cladding temperature 

d e c a y h e a t 
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TEST SERIES I 

Base Line Tests With Undisturbed Bundle Geometry, 
7 Gr i d Spacers 

Channel L i s t i n g and Data I d e n t i f i c a t i o n f o r Test No. 210 Through 227 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

1 Cladding Temperature 18a4. 3860 1 °C 
2 Cladding Temperature 18a3. 3315 °C 
3 Cladding Temperature 18a2 2770 °c 

4 Cladding Temperature 18al 2225 °c 

5 Cladding Temperature 12b4 1680 °c 

6 Cladding Temperature 12b3 1135 °c 

7 Cladding Temperature 12b2 590 °c 

8 Cladding Temperature 12bl 45 °c 

9 Cladding Temperature 17h4 2225 °c 

10 Cladding Temperature 17h3 2125 °c 

11 Cladding Temperature 17h2 2025 °c 

12 Cladding Temperature 17hl 1925 °c 

13 F l u i d Temperature TF 2 3315 °c 

14 F l u i d Temperature TFS 3 2380 °c 

15 F l u i d Temperature TF 1725 °c 

16 F l u i d Temperature TFS 485 °c TC of 0.5 mm Diameter 

17 Housing Temperature TK* 3315 °c 

18 Housing Temperature TK 2235 °c 

19 Housing Temperature TK 1725 °c 

20 Housing Temperature TK 590 °c 
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TEST SERIES I 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

21 F l u i d Temperature Lower Plenum °C 
22 Water Level Detector 4012 °C Heated + Unheated TC's 
23 Feedwater Temperature °C 
24 F l u i d Temperature Upper Plenum °C 
25 Room Temperature °C 

26 Cladding Temperature 22f4.2425 1 °C 
27 Cladding Temperature 22f3.2325 °C 
28 Cladding Temperature 22f2.2225 °C 
29 Cladding Temperature 22fl.2125 °C 

30 Cladding Temperature 21e4.2225 °C 
31 Cladding Temperature 21e3.2175 °C 
32 Cladding Temperature 21e2.2125 °C 
33 Cladding Temperature 21el.2075 °C 

34 Cladding Temperature 19g4.1925 °C 
35 Cladding Temperature 19g3.1825 °C 
36 Cladding Temperature 19g2.1725 °C 
37 Cladding Temperature 19gl.l625 °C 

38 Cladding Temperature 16g4.1925 °C 
39 Cladding Temperature 16g3.1825 °C TC F a i l e d 
40 Cladding Temperature 16g2.1725 °C 
41 Cladding Temperature 16gl.1625 °C 

42 Cladding Temperature 15a4.3860 °C 
43 Cladding Temperature 15a3.3315 °C 
44 Cladding Temperature 15a2.2770 °C 
45 Cladding Temperature 15al.2225 °C 

46 Cladding Temperature 14e4.2225 °C 
47 Cladding Temperature 14e3.2175 °C 
48 Cladding Temperature 14e2.2125 °C 
49 Cladding Temperature 14el.2075 °C 



50 
51 
52 

53 
54 
55 
56 

57 
58 
59 
60 

61 
62 
63 
64 

65 
66 
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68 
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72 

73 
74 
75 
76 
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ES I 

Type 
Data I d e n t i f i c a t i o n 

L ocation 

Cladding Temperature 13d3.2025 1 

Cladding Temperature 13d2.2025 
Cladding Temperature 13dl.2025 

Unit Remarks 

Cladding Temperature 10f4.2425 
Cladding Temperature 10f3.2325 
Cladding Temperature 10f2.2225 
Cladding Temperature lOf1.2125 

°C 
°C 
°C 
°C 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

9h4.2225 
9h3.2125 
9h2.2025 
9hl.l925 

°C 
°C 
On 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

8d4.2025 
8d3.2025 
8d2.2025 
8dl.2025 

"C 
°C 
°C 

Cladding Temperature 7f4.2425 
Cladding Temperature 7f3.2325 
Cladding Temperature 7f2.2225 
Cladding Temperature 7f1.2125 

"C 
°C 
°C 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

4g4.1925 
4g3.1825 
4g2.1725 
4gl.l625 

°C 
°C 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

3b4.1680 
3b3.1135 
3b2. 590 
3 b l . 45 

°C 
°C 
°C 
°C TC F a i l e d 



— 120 — 

TEST SERIES I 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

77 Cladding Temperature 2C4.4025 1 °C 
78 Cladding Temperature 2c3.3925 °C 
79 Cladding Temperature 2c2.3825 °c 
80 Cladding Temperature 2cl.3725 °c 

81 E l e c t r i c a l Power Input 8 Rods kW Rods No. 1 Through 8 
82 E l e c t r i c a l Power Input 8 Rods kW Rods No. 9 Through 16 
83 E l e c t r i c a l Power Input 9 Rods kW Rods No. 17 Through 25 

84 Housing Temperature TK" 4005 °c 
85 Housing Temperature TK 3915 °C 
86 Housing Temperature TK 3820 °C 
87 Housing Temperature TK 3725 °C 
88 Housing Temperature TK 3018 °C 
89 Housing Temperature TK 2770 °C 
90 Housing Temperature TK 2025 °C 
91 Housing Temperature TK 1925 °C 
92 Housing Temperature TK 1825 °C 
93 Housing Temperature TK 1625 °C 
94 Housing Temperature TK 1135 °C 
95 Housing Temperature TK 835 °c 
96 Housing Temperature TK 45 °c 

97 F l u i d Temperature TF 2 3038 °c TC F a i l e d 
98 F l u i d Temperature TFS 3 2425 °c 
99 F l u i d Temperature TF 2770 °c 

100 F l u i d Temperature TFS 2325 °c 
101 F l u i d Temperature TFS 2125 °c 
102 F l u i d Temperature TF 2025 °c TC F a i l e d 
103 F l u i d Temperature TFS 1925 °c 
104 F l u i d Temperature TF 1135 °c 
105 F l u i d Temperature TF 1625 °c 
106 - Open 
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TEST SERIES I 

Channel 
No. 

Data I d e n t i f i c a t i o n 
Type Location 

Unit Remarks 

107 
108 
109 

Cladding Temperature 24C4.4025 1 

Cladding Temperature 24c2.3925 
Cladding Temperature 24cl.3825 

°C 
°C 
°C 

110 Time (10 Scans/s) s t = 0: S t a r t of Reflooding 

111 
112 
113 

Pressure i n Lower Plenum 4091 
Pressure i n Upper Plenum -105 
Pressure i n Buffer 

bar 
bar 
bar 

114 Bundle Power kW Channels: 81 + 82 + 83 

115 Flooding V e l o c i t y (cold) cm/s 

116 Water Carry Over C o l l e c t e d kg Downstream of Bundle E x i t 

117 
118 
119 
120 

Pressure D i f f . 1835 and -105 mm 
Measured 2380 and 1835 mm 
Between 4091 and 2380 mm 
A x i a l Level 4091 and -105 mm 

bar 
bar 
bar 
bar Values Measured Separately 

1) TC's of 0.5 mm diameter embedded i n rod cladding. Measuring p o s i t i o n : 
Example: rod No. = 18, type of rod instrumention = a, TC No. = 4 , 
a x i a l l e v e l = 3860 mm, referenced to the top flange of the bundle. 

2) TF = TC's of 0.25 mm diameter (bare). 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

3) TFS = TC's of 0.25 mm diameter protected by a r a d i a t i o n s h i e l d i n g . 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

4) TK = TC's of 0.5 mm diameter placed i n the w a l l of the bundle housing of 
of 6.5 mm t h i c k n e s s . 
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TEST SERIES I I 

I n v e s t i g a t i o n of the E f f e c t s of a G r i d Spacer, 
Without G r i d Spacer at the Bundle Midplane 

Test No. Flooding System Feedwater Bundle Power 2 Remarks 
V e l o c i t y Pressure Temp l 

( cold) 
cm/s bar °C 

0-30 s End 0 s 
kW 
Transient 

234 3.8 2.0 46 37 200 120% ANS F i g s . 104 Through 118 

229 3.8 4.1 53 38 200 120% ANS F i g s . 119 Through 133 

231 3.8 6.2 54 40 200 120% ANS F i g s . 134 Through 148 

233 5.8 2.0 47 37 200 120% ANS F i g s . 149 Through 163 

228 5.7 4.1 50 37 200 120% ANS F i g s . 164 Through 178 

230 5.8 6.2 48 37 200 120% ANS F i g s . 179 Through 193 

1) Measured i n the lower plenum 
2) Decay heat t r a n s i e n t corresponding 120% ANS Standard 40 s a f t e r shutdown 

of the r e a c t o r 

Table 2 FEBA 5x5 rod bundle: Main t e s t parameters of t e s t s e r i e s I I 
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Rod TC A x i a l 
Type No. Level 

mm 

a 1 2225 
2 2770 
3 3315 
4 3860 

b 1 45 
2 590 
3 1135 
4 1680 

c 1 3725 
2 3825 
3 3925 
4 4025 

d 1 2025 
2 2025 
3 2025 
4 2025 

Rod TC Ax i a l 
Type No. Level 

mm 

e 1 2075 
2 2125 
3 2175 
4 2225 

f 1 2125 
2 2225 
3 2325 
4 2425 

g 1 1625 
2 1725 
3 1825 
4 1925 

h 1 1925 
2 2025 
3 2125 
4 2225 

Rod TC A x i a l 
Type No. Level 

mm 

x without TC's 

Fig B 102 5x5 rod bundle: R a d i a l and a x i a l loca= 
t i o n of cladding, f lu id and housing TC's 
f o r t e s t s e r i e s 11 
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1625 mm 

1725 mm 

1825 mm 

1925 mm 

2025 mm 

2125 mm 

2225 mm 

Q Q Q Q Q ™ OOOOi o o o o t OOGOi o o o o i 
s 

Fig . 103 5x5 rod bundle: Layout of the bundle 
geometry of test series 11 
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i n i t i a l a x i a l temperature p r o f i l e of the cladding 

5 0 0 

1000 

1 5 0 0 H 

ÜJ 2000H 
LÜ 

CE 
x 2500 

3 0 0 0 

3500H 

«4000-
0 250 500 7 5 0 1 0 0 0 T E M P E R A T U R E D E G C 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1 2 0 Z RNS s t a n d a r d 
3 . 8 0 c m / s 
2 . 0 2 b a r 

4 0 d e g c 

F i g . 104 FEBfli 5x5 ROD BUNDLE 
TEST SERIES 2, TEST-No. 234 
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cladding tanperature 
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heat transfer coeff. 
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cladding temperature 
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F i g . 108 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



heat transfer coeff. 
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cLadding temperature 
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F i g . 110 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 
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F i g . 114 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 234 
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Fig.115 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 234 



pressure Loss 
along the test s e c t i o n : 
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120% flNS s t a n d a r d 
3 . 8 0 c m / s 
2 . 0 2 b a r 

4 0 d e o C 

Fig. I I B FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 234 



coolant o u t l e t conditions: 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% HNS s t a n d a r d 
3 . 8 0 c m / s 
2 . 0 2 b a r 

4 0 d e g C 

. 1 Ä 

F i g . 117 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 234 
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a x i a l position of the quench front 

3500 

4000 
2 5 0 1000 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 c m / s 
2 . 0 2 b a r 

4 0 deg C 

USTRET 

F i n 1 1R FFRQ • cjyC^ RPin Rl IMni F 
TEST SERIES 2* TEST—NOi 234 
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i n i t i a l a x i a l temperature p r o f i l e of the c l add ing 

LH 

50CH 

1000-

1500H 

Lu 2000 
> 
LU 

x 2500 
CE 

3000 

3500-

4000 
0 250 500 750 1000 TEMPERATURE DEG C 

decay heat-
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120"/ RNS standard 
3.82 cm/s 
y .15 bar 

40 deo C 

F i g . 119 FEBfl: 5x5 ROD BUNDLE _ _ _ _ _ _ _ _ 
I L J I D t n 1 L J CP I L J I —[NO . C 
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heat t r a n s f e r c o e f f . 

0 .05 TC I ax. Leve l 

X 18a3 1 3315 mn 
Y 18a2 1 277Q mm 
X 18al 1 2225 rrm 
• 12bl4 1 1680 mm 
A 12b3 1 1135 rrm 
© 12b2 1 590 mm 

-6. 

0.00 
-100 TIME 3 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. HNS s tandard 
3.82 cm/s 
14.15 bar 

140 deg C 

F i g . 122 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



c l a d d i n g temperature 

1000 TC 1 ax. l e v e l 

a 

7f 14 
7f3 
7 f2 
7f 1 

2425 mm 
2325 rrm 
2225 mm 
2125 mm 

TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

120% flNS s tandard 
3 .82 cm/s 
4 .15 bar 

40 deg C 

F i g . 123 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



heat t r a n s f e r c o e f f . 

0 .05H TC I ax . L e v e l 

* 7fU I 2U25 mm 
A 7 f3 I 2325 mm 
o 7f2 I 2225 nm 
a 7f1 I 2125 mm 

0 . 0 0 
TlME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.82 cm/s 
4 .15 bar 

U0 deg C 

A 
USTrb" 

F i g . 1 2 1 4 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



c l a d d i n g temperature 

1000H TC I ax . l e v e l 

A 13d3 
o 13d2 
n 13d i 

2025 mn 
2025 mm 
2025 mm 

oo 

300 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120/: flNS standard 
3 .82 cm/s 
14.15 Dar 

m deg C 

F i g . 125 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



heat t r a n s f e r c o e f f . 

0 .05H TC 1 a x i a l l e v e l 

* I3d3 I 2025 rrm 
o 13d2 I 2025 mm 
n 13dl 2025 mm 

0 . 0 0 
300 TIME 3 

decay heat 
f lood i ng ra te (co Id) 
system p ressu re 
feedwater temperature 

120Z flNS standard 
3.82 cm/s 
m.15 bar 

HO deg C 

F i g . 126 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 2 
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heat t r a n s f e r c o e f f . 

0.05H TC I a x . Leve l 

0 . 0 0 

l9gU 
* 1993 
o I9g2 
D i 9 g l 

1925 nrm 
1825 nm 
1725 mm 
1625 mm 

300 400 TIME S 

decay heat 
f l o o d i n g ra te Ceo Id) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.82 cm/s 
4 .15 bar 

40 deg C 

Ä 
i f e L h S T R F 

Fig„ 128 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



ax i a l l e v e l : 1725 rrm 

1000 

800 

«_> 

ID LU 
a 600 
UJ 
fJC 

er 
E uoo 

200H 

0-
-50 

A c l a d d i n g temperature (19g23 
» f l u i d temperature 
Q hous ing temperature 

Ol 
ro 

50 100 150 200 250 300 350 5100 150 500 TIME 5 

decay heat 
f l o o d i n g ra te {cold) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3 .82 cm/s 
4 .15 bar 

40 deg C 

J R B " 

F i g . 129 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 2 , TEST-No. 229 



a x i a l l e v e l : 1625 run 

100CH * c l a d d i n g temperature (19gl l 
o f l u i d temperature 
a housing temperature 

S 

500 TIME 5 

decay heat 
f l o o d i n g ra te (cold] 
system pressure 
feedwater temperature 

1207. RNS s tandard 
3.82 cm/s 
4 .15 bar 

40 deg C 

F i g . 130 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, 
IRE 

TEST-No 229 



p ressu re Loss 
a long the t e s t s e c t i o n : 

decay heat 
f l o o d i n g r a t e (coid) 
system p ressure 
feedwater temperature 

1207. flNS standard 
3.32 cm/s 
ti. 15 Dar 

40 deg C 

F i g . 131 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



c o o l a n t o u t l e t c o n d i t i o n s ; 

decay heat 
f l o o d i n g r a t e i cq id) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3.82 cm/s 
14.15 bar 

40 deg C 

F i g . 132 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 229 



a x i a l p o s i t i o n of the quench f ron t 

4000 
250 500 750 L000 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

1207. RNS standard 
3.82 cm/s 
4 .15 bar 

40 deg C 

I f 

F i 9 . 133 FEBfl: 5x5 ROD BUNDLE 
j p c T c p p T p c p T F S T — M n p 



— 157 — 



— 158 — 

i n i t i a l a x i a l temperature p r o f i l e of the c l add ing 

0 

500 

1000 

1500H 

uj 2000 
> 
LU 

I 
I 

CZ 

x 2500-1 

3000 

3500-

14000' 
0 250 500 750 1000 TEMPERRTURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

12QZ RNS standard 
3.80 cm/s 
6.19 bar 

i40 deg C 

uNSTrTE" 

F i g B 134 FEBfl: 5x5 ROD BUNDLE 
T C C T c p p T r c p T F S T - M n p q i 



FLOODING RATE C M / S 
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c l a d d i n g temperature 

100CH 
TC ax. l e v e l 

+ 18a4 i 3860 nm 
X 18a3 1 3315 mn 
Y 18a2 I 2770 mm 

18al 1 2225 mm 
• 12b4 1 1680 rrm 

12b3 ! 1135 mm 
© 12b2 1 590 mm 
• 12bl 1 45 rrm 

CO 
o 

-100 TIME 5 

decay heat 
f l o o d i n g r a t e Ceo Id) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3 .80 cm/s 
6.19 bar 

40 deg C 

F i g . 136 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



heat t r a n s f e r c o e f f . 

TC ! ax. Leve l 

0 .00 

X 18a3 1 3315 mm 
Y 18&2 1 2770 mm 
m 18al 1 2225 mm 

12bU i 1680 mm 
12b3 1 1135 mm 

o 12b2 1 590 mm 

-100 TIME 3 

decay heat 
f l o o d i n g r a t e (cold] 
system pressure 
feedwater temperature 

1207. FINS s tandard 
3.80 cm/s 
6.19 bar 

40 deg C 

F i g . 137 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



c l a d d i n g temperature 

lOOOi TC 1 ax . l e v e l 

A 
7f4 
7 f3 
7 f2 
7f I 

2425 mm 
2325 mm 
2225 nm 
2125 mm 

0> 

TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system p r e s s u r e 
feedwater temperature 

120% flNS s tandard 
3.80 cm/s 
6.19 bar 

40 deg C 

F i g - 138 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



heat t r a n s f e r c o e f f . 

0.D5H TC ax . L e v e l 

0 . 0 0 

o 7 fU 1 2U25 mn 
A 7 f 3 j 2325 mm 
o 7 f 2 I 2225 mm 
o 7f1 I 2125 mm 

05 
W 

- 5 0 TIME S 

decay heat 
f l o o d i n g r a t e (coId] 
system p r e s s u r e 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
6.19 bar 

10 deg C 

ÜCTRB" 

F i g . 139 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



c l a d d i n g temperature 

1000-! TC ax . l e v e l 

A 13d3 I 2025 mm 
* 13d2 I 2025 mm 
£3 13d 1 I 2025 mm 

03 

300 TIME S 

decay neat 
f l o o d i n g ra te fco id) 
system pressure 
feedwater temperature 

120X RNS standard 
3.80 cm/s 
6.19 oar 

m deg C 

I Ä 

F i g * 1 4 0 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



heat t r a n s f e r c o e f f . 

0 . 0 5 TC a x i a l l e v e l 

0 . 0 0 

A I3d3 
o 13d2 
D I3d l 

2025 mm 
2025 mm 
2025 mm 

a> 

300 TIME 3 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressure 
feedwater temperature 

1207. RNS standard 
3.80 cm/s 
6.19 bar 

40 deg C 

F i g . 141 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



c l a d d i n g temperature 

iOOOi TC I a x . l e v e l 

19g4 
I9g3 
19g2 
19gl 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

CO 

400 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% RNS s tandard 
3.80 cm/s 
6.19 oar 

40 deg C 

D O W 

F i g . 142 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



heat t r a n s f e r c o e f f . 

0 . 0 5 TC I a x . l e v e l 

19gU j 1925 mm 
* 19g3 I 1825 mm 
o 19g2 j 1725 mm 
o 19gl I 1625 mm 

0 . 0 0 
400 TIME S 

decay hea t 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120Z flNS s tandard 
3.80 cm/s 
5.19 bar 

40 deg C 

UCTRB" 

F i g . 113 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



a x i a l l e v e l : 1725 rrm 

decay heat 
f l o o d i n g r a t e {cold) 
system p ressu re 
feedwater temperature 

120% RNS s tandard 
3.80 cm/s 
6 .19 oar 

40 deg C 

F i g * im FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



a x i a l l e v e l : 1625 mn 

IGOOH A c l a d d i n g temperature Ü9g l ) 
o f l u i d temperature 
a housing temperature 

CO 

300 400 TIME 3 

decay heat 
f l o o d i n g ra te (coId) 
system p ressu re 
feedwater temperature 

1207. RNS s tandard 
3.80 cm/s 
6.19 bar 

40 deg C 

Iii LKXTHB" 

F i g . 145 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 



PRESSURE LOSS BAR 
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c o o l a n t o u t l e t cond i t i ons : 

& water c a r r y over 
» c o o l a n t temperature 
D c o o l a n t p ressure 

t i k e s 

decay heat 
f l o o d i n g r a t e Icq id) 
system p ressure 
feedwater temperature 

120% FINS s tandard 
3 .30 cm/s 
S .19 bar 

40 deg C 

F i g . 147 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 231 
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a x i a l p o s i t i o n of the quench f ront 

4000 
250 500 750 1000 TIME 5 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% RNS standard 
3 .60 cm/s 
6.19 Par 

UO deg C 

F i g . 1 4 8 F E B f l i 5 x 5 R O D B U N D L E 

T E S T S E R 1 E S 2§ T E S T N o • 2 3 \ 
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i n i t i a l a x i a l temperature p r o f i l e of the c ladd ing 

500 

1000H 

1500H 

iu 2000 
> 

_j 
CE 
x 2500 
cr 

3000 

3500H 

liOOO-
0 250 500 750 1000 TEMPERATURE OEG C 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120X flNS s tandard 
5 .82 cm/s 
1.99 bar 

10 deg C 

F i g . 149 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 2, TEST-No. 233 



t e s t parameters : 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

12OX FINS standard 
5.82 Dn/s 
1.99 bar 

W deg C 

I K T H F 

F i9„ 1 5 0 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



c l a d d i n g temperature 

1000H TC I ax . l eve I 

+ 
x 
Y 
• 
&. 
© 

18a4 
18a3 
18a2 
18al 
12b4 
12b3 
12b2 

n 12b1 I 

3860 mm 
3315 mm 
2770 rrm 
2225 mm 
1680 mm 
1135 mm 
590 mm 

US mm 

03 

-100 600 TIME S 

decay heat 
f l o o d i n g r a t e Ceo Id) 
system pressure 
feedwater temperature 

120% flNS s tandard 
5.82 cm/s 
1.39 bar 

40 deg C 

F i9 b 151 FEBfl-. 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



heat t r a n s f e r c o e f f . 

O.OSH TC I ax. l e v e l 

* 18a3 I 3315 rrm 
v 18a2 j 2770 mm 
* 18a 1 I 2225 rrm 
o 12bi± I 1680 mm 
A 12b3 I 1135 rrm 
© 12b2 I 590 mm 

0 .00 

-4 

TIME 3 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

1207. RNS s tandard 
5.82 cm/s 
1.99 bar 

•40 deg C 

F i g . 1 5 2 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 
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heat t r a n s f e r c o e f f . 

TC 1 ax. Leve l 

* 7 fU I 2U25 rrm 
A 7 f3 I 2325 mm 
o 7 f2 I 2225 mm 
a 7 f l I 2125 mm 

300 350 100 TIME 3 

O.OHH 

decay heat 
f l o o d i n g r a t e (co Id) 
system p ressu re 
feedwater temperature 

1207. FINS standard 
5 .82 cm/s 
1.99 bar 

10 deg C 

F i g . 1 5 4 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



c l a d d i n g temperature 

decay neat 
f l o o d i n g ra te ICQ Id) 
system p ressu re 
feedwater temperature 

120?. RMS standard 
5 . 8 2 cm/s 
1.99 Dar 

HO deg C 

F i g . 155 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



heat t r a n s f e r c o e f f . 

0 .05H TC a x i a l l e v e l 

0 . 0 0 

A 13d3 
© 13d2 
a 13dl 

2025 nm 
2025 mm 
2025 mm 

TIME S 

decay heat 
f l o o d i ng ra te (co Id) 
system p ressu re 
feedwater temperature 

1207. flNS standard 
5.82 cm/s 
1.99 bar 

10 deg C 

F i g . 155 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, 
TffB 

TEST-No 233 



c l a d d i n g temperature 

1000-1 I ax . l e v e l 

» 19gU 
& 19g3 
o 19g2 I 
o 19gl 

1925 nm 
1825 nnm 
1725 rrm 
1625 rrm 

00 
l\3 

500 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1202 flNS s tandard 
5 .82 cm/s 
1.99 öar 

m deg C 

F i g . 1 5 7 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



heat t r a n s f e r coe f f , 

O.OSH TC ax . l e v e l 

0 .00 

• 19gU 
A 19g3 
o 19g2 
n 19gl 

1925 mm 
1825 mn 
1725 nm 
1B25 mm 

8 

500 TIME 3 

decay heat 
f lood i ng ra te (coId) 
system pressure 
feedwater temperature 

1207. RNS s tandard 
5 .82 cm/s 
1.99 bar 

140 deg C 

ISTRF 

F i g . 158 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2, TEST-No. 233 



a x i a l l e v e l : 1725 run 

100CH A c l add ing temperature U9g23 
o f l u i d temperature 
o housing temperature 

00 

350 450 500 TIME S 

decay heat 1207. RNS standard 
f l o o d i n g r a t e (cold) 5.82 cm/s 
system pressure 1.99 bar 
feedwater temperature 40 deg C 

l& liSTfTB" 

F i g . 159 FEBR: 5x5 ROD BUNDLE, TEST SERIES 2 , TEST-No. 233 



a x i a l l e v e l : 1B25 rrm 

decay heat 
f l o o d i n g r a t e (coId) 
system pressure 
feedwater temperature 

12OX RNS standard 
5.82 cm/s 
1.99 bar 

40 deg C 
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axial p o s i t i o n of the quench front 
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TEST SERIES II 

Investigation of the Ef f e c t s of a Grid Spacer, 
Without Grid Spacer at the Bundle Midplane 

Channel L i s t i n g and Data I d e n t i f i c a t i o n for Test No. 228 Through 234 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

1 Cladding Temperature 18a4 3860 1 °C 
2 Cladding Temperature 18a3 3315 °C 
3 Cladding Temperature 18a2 2770 °c 
4 Cladding Temperature 18al 2225 °c 

5 Cladding Temperature 12b4 1680 °c 
6 Cladding Temperature 12b3 1135 °c 

7 Cladding Temperature 12b2 590 °c 

8 Cladding Temperature 12bl 45 °c 

9 Cladding Temperature 17h4 2225 °c 

10 Cladding Temperature 17h3 2125 °c 

11 Cladding Temperature 17h2 2025 °c 

12 Cladding Temperature 17hl 1925 °c 

13 F l u i d Temperature TFS 3 3315 °c TC of 0 5 mm Diameter 
14 F l u i d Temperature TFS 2380 °c TC of 0 5 mm Diameter 
15 F l u i d Temperature TF 2 1725 °c 
16 F l u i d Temperature TFS 485 °c TC of 0 5 mm Diameter 

17 Housing Temperature TK" 3315 °c 
18 Housing Temperature TK 2235 °c 
19 Housing Temperature TK 1725 °c 
20 Housing Temperature TK 590 °c 
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34 
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49 
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: E S I I 

Type 
Data I d e n t i f i c a t i o n 

Location 
Unit Remarks 

F l u i d Temperature Lower Plenum 
Water Level Detector 4012 
Feedwater Temperature 
F l u i d Temperature Upper Plenum 
Room Temperature 

ÜC 
°C 
°C 
°C 
O n 

Heated + Unheated TC's 

Cladding Temperature 22f4.2425 1 

Cladding Temperature 22f3.2325 
Cladding Temperature 22f2.2225 
Cladding Temperature 22f1.2125 °C 

Cladding Temperature 21e4.2225 
Cladding Temperature 21e3.2175 
Cladding Temperature 21e2.2125 
Cladding Temperature 21el.2075 

°C 

Cladding Temperature 19g4.1925 
Cladding Temperature 19g3.1825 
Cladding Temperature 19g2.1725 
Cladding Temperature 19gl.l625 

°C 
°C 
°C 
°C 

Cladding Temperature 16g4.1925 
Cladding Temperature 16g3.1825 
Cladding Temperature 16g2.1725 
Cladding Temperature 16gl,1625 

°C 

Cladding Temperature 15a4.3860 
Cladding Temperature 15a3.3315 
Cladding Temperature 15a2.2770 
Cladding Temperature 15al.2225 

°C 
°C 
°C 
°C 

Cladding Temperature 14e4.2225 
Cladding Temperature 14e3.2175 
Cladding Temperature 14e2.2125 
Cladding Temperature 14el.2075 

°C 
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äS II 

Type 
Data I d e n t i f i c a t i o n 

Location 
Unit Remarks 

Cladding Temperature 13d3.20251 

Cladding Temperature 13d2.2025 
Cladding Temperature 13dl.2025 

°C 
°C 

Cladding Temperature 10f4.2425 
Cladding Temperature 10f3.2325 
Cladding Temperature 10f2.2225 
Cladding Temperature lOf1.2125 

°C 
°C 
°C 
°C 

Cladding Temperature 9h4.2225 
Cladding Temperature 9h3.2125 
Cladding Temperature 9h2.2025 
Cladding Temperature 9hl.l925 

°C 
°C 
°C 

Cladding Temperature 8d4.2025 
Cladding Temperature 8d3.2025 
Cladding Temperature 8d2.2025 
Cladding Temperature 8dl.2025 

°C 
°C 

Cladding Temperature 7f4.2425 
Cladding Temperature 7f3.2325 
Cladding Temperature 7f2.2225 
Cladding Temperature 7f1.2125 

"C 
°C 
°C 
°c 

Cladding Temperature 4g4.1925 
Cladding Temperature 4g3.1825 
Cladding Temperature 4g2.1725 
Cladding Temperature 4gl.l625 

°C 
°C 

Cladding Temperature 3b4.1680 
Cladding Temperature 3b3.1135 
Cladding Temperature 3b2. 590 
Cladding Temperature 3bl. 45 

°C 
°C 
°C 
°C TC F a i l e d 
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TEST SERIES II 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

77 Cladding Temperature 2C4.40251 °c 
78 Cladding Temperature 2c3.3925 °C 
79 Cladding Temperature 2c2.3825 °C 
80 Cladding Temperature 2cl.3725 °C 

81 E l e c t r i c a l Power Input 8 Rods kW Rods No. 1 Through 8 
82 E l e c t r i c a l Power Input 8 Rods kW Rods No. 9 Through 16 
83 E l e c t r i c a l Power Input 9 Rods kW Rods No. 17 Through 25 

84 Housing Temperature TK" 4005 °c 
85 Housing Temperature TK 3915 °C 
86 Housing Temperature TK 3820 °c 
87 Housing Temperature TK 3725 °C 
88 Housing Temperature TK 3018 °c 
89 Housing Temperature TK 2770 °C 
90 Housing Temperature TK 2025 °c 
91 Housing Temperature TK 1925 °c 
92 Housing Temperature TK 1825 °c 
93 Housing Temperature TK 1625 °C 
94 Housing Temperature TK 1135 °c 
95 Housing Temperature TK 835 °C 
96 Housing Temperature TK 45 °C 

97 F l u i d Temperature TF 2 3038 °c 
98 F l u i d Temperature TFS 3 2425 °C 
99 F l u i d Temperature TF 2770 °c 
100 F l u i d Temperature TF 2325 °C 
101 F l u i d Temperature TF 2125 °C 
102 F l u i d Temperature TF 2025 °c 
103 F l u i d Temperature TF 1925 °c 
104 F l u i d Temperature TF 1135 °c 
105 F l u i d Temperature TF 1625 °c 
106 - Open 



— 225 — 

TEST SERIES II 

Channel 
No. 

Data I d e n t i f i c a t i o n 
Type Location 

Unit Remarks 

107 
108 
109 

Cladding Temperature 24C4.40251 

Cladding Temperature 24c2.3925 
Cladding Temperature 24cl.3825 

°C 
°C 
°C 

110 Time (10 Scans/s) s t = 0: Start of Reflooding 

111 
112 
113 

Pressure i n Lower Plenum 4091 
Pressure i n Upper Plenum -105 
Pressure i n Buffer 

bar 
bar 
bar 

114 Bundle Power kW Channels: 81 + 82 + 83 

115 Flooding V e l o c i t y (cold) cm/s 

116 Water Carry Over Collected kg Downstream of Bundle E x i t 

117 
118 
119 
120 

Pressure D i f f . 1835 and -105 mm 
Measured 2380 and 1835 mm 
Between 4091 and 2380 mm 
A x i a l Level 4091 and -105 mm 

bar 
bar 
bar 
bar Values Measured Separately 

1) TC's of 0.5 mm diameter embedded i n rod cladding. Measuring p o s i t i o n : 
Example: rod No. = 18, type of rod instrumention = a, TC No. = 4, 
a x i a l l e v e l = 3860 mm, referenced to the top flange of the bundle. 

2) TF = TC's of 0.25 mm diameter (bare). 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

3) TFS = TC's of 0.25 mm diameter protected by a r a d i a t i o n s h i e l d i n g . 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

4) TK = TC's of 0.5 mm diameter placed i n the wall of the bundle housing of 
of 6.5 mm thickness. 
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TEST SERIES III 

Investigation of the E f f e c t s of a 90% Flow Blockage With Bypass, 
Blockage at the Bundle Midplane of 3x3 Rods Placed i n the Corner 
of the 5x5 Rod Bundle, 
Without Grid Spacer at the Bundle Midplane 

Test No. Flooding System Feedwater Bundle Power 2 Remarks 

Ve l o c i t y Pressure Temp l 

(cc Id) 
cm/s bar °C kW 

0-30 s End 0 s Transient 

241 3. 8 2 0 42 37 200 120% ANS Figs. 196 Through 217 

239 3. 8 4 1 49 37 200 120% ANS Figs. 218 Through 239 

236 3. 8 6 2 48 37 200 120% ANS Figs. 240 Through 261 

240 5. 8 2 0 46 40 200 120% ANS Figs 262 Through 283 

238 5 7 4 1 49 37 200 120% ANS Figs 284 Through 305 

235 5 8 6 2 46 37 200 120% ANS Figs 306 Through 327 

242 3 9 2 0 40 36 200 120% ANS Data Not Plotted 

243 3 9 2 0 76 74 200 120% ANS Data Not Plotted 

237 5 6 4 2 45 37 200 120% ANS Data Not Plotted 

1) Measured i n the lower plenum 
2) Decay heat transient corresponding 120% ANS Standard 40 s af t e r shutdown 

of the reactor 

Table 3 FEBA 5x5 rod bundle: Main test parameters of test series III 



Rod TC Axial Rod TC Axial 
Type No. Level Type No. Level 

mm mm 
a 1 2225 e 1 2075 

2 2770 2 2125 
3 3315 3 2175 
4 3860 4 2225 

b 1 45 f 1 2125 
2 590 2 2225 
3 1135 3 2325 
4 1680 4 2425 

c 1 3725 g 1 1625 
2 3825 2 1725 
3 3925 3 1825 
4 4025 4 1925 

d 1 2025 h 1 1925 
2 2025 2 2025 
3 2025 3 2125 
4 2025 4 2225 

Rod TC Axial 
Type No. Level 

mm 

X without TC's 

F i g . 194 5x5 rod bund le : R a d i a l and a x i a l loca= 
t i o n of c l a d d i n g , s l e e v e , f l u i d and hou 
s i n g T C ' s f o r t e s t s e r i e s I I I 
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H O , 

WW 

1625 mm 

1725 mm 

1825 mm 

1925 mm 

2025 mm 

— 2125 mm 

— 2225 mm 

oooot oooot 
M O O 

S B 0 0 1 

F i g . 195 5x5 rod bund le : Layout of the bundle 
geometry of t e s t s e r i e s III. 
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i n i t i a l a x i a l temperature p r o f i l e of the c ladd ing 

CH 

•1000 TEMPERATURE DEG C 

decay heat 
f l o o d i n g rate (cold) 
system p ressu re 
feedwater temperature 

120X ANS s tandard 
3.80 cm/s 
2.00 bar 

40 deo C 

F i g . 196 FEBA: 5x5 ROD BUNDLE 
TEST SERIES 3, TEST-No. 241 



FLOODING RATE CM/S 
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c l a d d i n g temperature 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3.80 cm/s 
2,00 oar 

40 dec. C 

F i g . 1 9 8 FEBfls 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No» 2*11 



heat t r a n s f e r c o e f f . 

0 .05 TC I ax . l e v e l 

x 18a3 i 
r 18a2 1 
* 18al J 
* 12bU f 
* I2b3 i 
o 12b2 I 

0 .00 

3315 rrm 
2770 mm 
2225 rrm 
1B80 nm 
1135 nm 
590 mm 

ro u 
CO 

TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. RNS s tandard 
3.80 cm/s 
2.00 bar 

40 deg C 

J Ä 

F i g . 1 9 9 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2U1 



c l a d d i n g temperatu re 

decay heat 
f l o o d i n g r a t e fco id) 
system p ressure 
feedwater temperature 

120% HNS standard 
3 .80 cm/s 
2 .00 bar 

W deo C 

bypass 

Ä 
i f c yL fCTRB" 

F i g - 200 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 3 , TEST-No. 2141 



heat t r a n s f e r c o e f f . 

0 . 0 5 

0 . 0 0 

TC ax. L e v e l 

7fU I 2U25 mm 
A 7 f3 I 2325 rrm 
o 9hU I 2225 mm 
D 9h3 I 2125 rrm 

CO 
Ol 

100 150 200 250 300 350 400 TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system p ressu re 
feedwater temperature 

1207. flNS standard 
3.80 cm/s 
2 .00 bar 

40 deg C 

bypass 

i n w 
Fig.201 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



c l a d d i n g temperature 

10004 TC I ax. l e v e l 

• 22 f 4 
A 22f3 
© 17h4 
s 17h3 

2425 mm 
2325 rrm 
2225 rrm 
2125 rrm 

CO 
CD 

400 TIME S 

decay heat 
f l o o d i n g r a t e (coId) 
system pressure 
feedwater temperature 

120X flNS s tandard 
3.80 cm/s 
2.00 bar 

40 deg c 

b lockage 

II5IW 

F i g . 202 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 , TEST-No. 241 



heat t r a n s f e r c o e f f . 

0 . 0 5 4 TC 1 ax. l e v e l 

0 .00 

22 fU 
22 f 3 
17hU 

a 17h3 

21425 rrm 
2325 rrm 
2225 rrm 
2125 nm 

8 

350 400 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120Z RNS s tandard 
3.80 cm/s 
2 .00 bar 

40 deg C 

b lockage 

mi mm 
Fig.203 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



c l a d d i n g temperature 

2 0004 TC t l e v e l 

9h2 
8dU 
8d3 
8d2 
S d l 

2025 mm 
2025 mn 
2025 mm 
?025 rrm 
2025 mm 

ro 
co 

03 

450 500 TIME 5 

decay neat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120X RMS standard 
3.30 em/s 
2.00 oar 

W de rj C 

bypass 

1 Ä 
i f t term" 

Fig„ 20i4 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No, 241 



heat t r a n s f e r c o e f f . 

TC I a x i a l l e v e l 

* 9h2 I 2025 rrm 
A 8dU I 2025 mm 
* 8d3 I 2025 mm 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressure 
feedwater temperature 

120Z RNS standard 
3 .80 cm/s 
2 .00 bar 

W deg C 

bypass 

USTWB" 

F i g . 2 0 5 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



c l a d d i n g temperature 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% RNS standard 
3.80 cm/s 
2.00 bar 

40 deo c 

b lockage 

Ü5THB" 

F i g . 2 0 6 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



c l a d d i n g temperature 

10004 TC I a x i a l l e v e l 

ro 

TIME S 

decay heat 
f l o o d i n g r a t e (coId] 
system p ressu re 
feedwater temperature 

1202 flNS standard 
3.80 cm/s 
2.00 bar 

40 deg C 

b lockage 

F i g . 207 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



c l a d d i n g temperature 

lOfjtH a x . l e v e l 

200 250 300 350 

decay heat-
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120?. RNS s tandard 
3.80 cm/s 
2 .00 bar 

40 deg C 

400 

bypass 

450 

[MW 

ro 

ro 

500 550 
TIKE S 

F i g . 208 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



heat t r a n s f e r c o e f f . 

0 .054 

0 . 0 0 

TC I ax . l e v e l 

192!» mm 
182Ü mm 

I 172Ü mm 
162!> mm 

350 t o o 450 500 550 
TIME 5 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedv/ater temperature 

1207. RNS s tandard 
3 .80 cm/s 
2 .00 bar 

40 deg C 

bypass 

n # v z 

F i g . 2 0 9 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 S TEST-No. 2U1 



c l a d d i n g temperature 

1000 TC 

* l ? h l 
A 16g3 
o 15g2 
a 16gl 

ax . l e v e l 

1925 mm 
1825 rrm 
1725 mm 
1625 mn 

400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te fco id I 
system p ressure 
feedwa te r temperature 

120?; RNS standard 
3.80 cm/s 
2.00 Dar 

40 deg C 

blockage 

F i g . 210 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



heat t r a n s f e r c o e f f . 

Q.05H ax . l e v e l 

0 . 0 0 
500 550 

TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

1207. flNS standard 
3.80 cm/s 
2.00 bar 

40 deg C 

b lockage 

I hXTRF 

F i g . 2 1 1 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



a x i a l l e v e l : 1925 mm 

lODOH & c l a d d i n g temperature USg4] 
© f l u i d temperature 
E housing temperature 

200 250 300 350 400 450 

ro 
* -
Oi 

500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% HNS s tandard 
3.80 cm/s 
2 .00 bar 

40 deg C 

b lockage 

F i g . 212 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



a x i a l L e v e l : 1725 mm 

decay heat 
f l o o d i n g r a t e (coId] 
system pressure 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
2.00 bar 

40 deg C 

b lockage 

im 
F i g . 213 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2U1 



a x i a l l e v e l ; 1625 mm 

1000 & c l add ing temperature (16gl3 
© f l u id temperature 
o housing temperature 

250 300 350 yon 450 500 550 
TIME S 

decay heat 
f l o o d i n g r a t e fco Id) 
system pressure 
feedwater temperature 

120% flNS standard 
3.80 cm/s 
2 .00 bar 

40 deg C 

b lockage 

IKs LNSTRB" 

F i g . 214= FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 241 



pressure Loss 
a long the t e s t s e c t i o n : 

Q.4H 

0.3H 

CC 
CE 
CO 

w 0 . 2 co 

Iii 
CC 

0. 1 
in 
ÜJ 
CC 

Q.OH 

- 0 . 1 
-100 

* t o t a l l e n g t h : 4195 rrm 
A lower p a r t : 1711 mm 
© midd le p a r t : 545 rrm 
B upper p a r t : 1940 mm 

100 200 300 400 500 600 '00 800 TIME S 

ro 

CD 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% RNS s tandard 
3.80 cm/s 
2 .00 bar 

40 deg C 

I B S 

F i g . 215 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No . 241 



c o o l a n t c o n d i t i o n s : 

decay heat 
flooding r a t e I C Q Id) 
system pressure 
feedwater temperature 

1207. RNS s tandard 
3.80 cm/s 
2 .00 Dar 

UO deg C 

Fig.216 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No- 241 
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a x i a l p o s i t i o n of the quench f ron t 

D rewet t ing of the s l eeve at the bundle midp lane 

x rewet t ing of the rod downstream of the b lockage 

4000 
1000 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120% RNS standard 
3.80 cm/s 
2.00 bar 

40 deg C 

1 ) t1 
UvYTW 

F i g . 217 FEBfl? 5x5 ROD BUNDLE 
TFST SFRTFS 3 TFST-No 241 
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i n i t i a l , a x i a l temperature p r o f i l e of the c l add ing 

500 

1000H 

1500 

Us 2000 

x c 
cn 

^500 

3000H 

3500H 

"4000 
250 500 750 1000 TEMPERRTURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120JS RNS s tandard 
3.81 cm/s 
y .15 bar 

•40 deg C 

LKSTRF 

F i g B 218 FEBfls 5x5 ROD BUNDLE 
TEST SERIES 3 P TEST-No. 239 



FLOODING RATE CM/S 

V> ~«i o . 
( P X r ( D 
CD tt> o o 

*** Z3 S3" 
( D U O CD 
-? ~> CO 

CD ~J *•+ 
<r* v> co 
CD </> <r+ 
3 C CD 

CP CD *—i 
~P O 
CA O 

CL 
~3 
CD 

OiPtOO 
" -

CD CJ"| i-* 3D o 2: 
C7 Q cn 
~3 « 

CS 

GL 

0 
. \ (P CT) 

1 1 

CD 
1 

0 
I 

SYSTEM PRESSURE BRR 

o 
1 

rv> 
1 

if= CT) 
1 i CO 

1 
0 

1 

FEEDWRTER TEMP. C 

ro d= CT) CO 0 
o 

1 

0 
1 

O O 
1 1 

0 
1 

0 
1 

BUNDLE POWER KW 
(V) ro 

1 ui 0 cn 0 cn 0 
1 , 

0 a 
1,.... 1 

0 
1 

0 

- i 

rn 
co 

a Q o • 
CT —*i CfJ —*i 
C CDX r-
3 CU ü) O 
Q . CL <-+• O 
met § Q' 

T5 ( L T 3 C O 
o n 

cp -7 
CB" CJ> a> 
"5 CD CO r+ 3 C CD 

T3 ~f 
CO CD 
"} 
0) 
f+ 
C 
- J 
CD 

CO 
CO 

r*-

•a 
Cd 
~s 
as 
3 
co 
r* 
CD 1 (0 

— E92 — 



c ladd tng temperature 

10004 TC I ax . l e v e l 

+• iSaU 1 3860 mm 
X 18a3 1 3315 mm 
Y 18a2 1 2770 mm 

18a 1 ) 2225 rrm 
«• i2b4 1 1680 mm 
A. 12b3 1 1135 rrm 
© 12b2 1 590 mm 
£2 12b 1 ! 45 rrm 

ro 

- 1 0 0 400 500 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

1207. flNS s tandard 
3.81 cm/s 
4 .15 bar 

40 deg C 

VL 
tarn 

F i g . 220 FEBfl: 5x5 ROD BUNDLEp TEST SERIES 3, TEST-No. 239 



heat t r a n s f e r c o e f f . 

0 . 0 5 TC I ax . l e v e l 

0 .00 

X I8a3 I 3315 rrm 
v 18a2 I 2770 mm 
* I8al I 2225 rrm 
* 12bU j 1680 mm 
A 12b3 I 1135 mm 
© 12b2 ! 590 mm 

PO 
Ol 
Ol 

-100 800 TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. HNS s tandard 
3.81 cm/s 
4 .15 bar 

HO deg C 

F i g . 2 2 1 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



c l a d d i n g temperature 

decay heat 
f too d ing r a t e Ceo id) 
system p ressu re 
feedwater temperature 

120% RMS s tandard 
3.81 cm/s 
4 .15 bar 

40 deg c 

bypass 

F i g . 2 2 2 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No* 239 



best t r a n s f e r c o e f f . 

decay heat 
f toodi ng ra te (cold3 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.81 cm/s 
14.15 bar 

40 deg C 

bypass 

WmWZ 
m UORB" 

F i g . 223 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



c l a d d i n g temperature 

1000H TC I ax. l e v e l 

& 

m 

22 f 4 
22 f 3 
17h4 

2425 rrm 
2325 rmn 
2225 rrm 
2125 rrm 

s 

300 TIME 3 

decay heat 
f l o o d i n g r a t e I C Q id) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3.81 cm/s 
4 .15 bar 

40 deg C 

b lockage 

,IRB 

F i g . 2 2 U FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



heat t r a n s f e r c o e f f . 

0 .05 

0 .00 

TC 

• 22 fU 
A 22 f 3 
© 17hU 
o 17h3 

ax. Leve l 

2U25 rrm 
2325 mm 
2225 rrm 
2125 mm 

ro 

co 

-50 300 TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. HNS s tandard 
3.81 cm/s 
4 .15 bar 

HO deg C 

b lockage 

LlSTRB 

F i g . 225 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



c l a d d i n g temperature 

1000 TC 1 a x . l e v e l 

* 9h2 ! 2025 mm 
* 8d4 I 2025 rrm 
A 8d3 I 2025 mn 
« 8d2 I 2025 mm 
D 8d l i 2025 mm 

350 TIME S 

decay heat 
f l o o d i n g ra te (coId) 
system p ressu re 
feedwater temperature 

12035 RNS standard 
3.81 cm/s 
4 .15 Car 

40 des C 

bypass 

ifSTFTir 

F i g . 2 2 6 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2 



heat t r a n s f e r c o e f f . 

TC i a x i a l l e v e l 

* 9h2 i 2025 rrm 
A SdU j 2025 rrm 
A 8d3 I 2025 mm 
o 8d2 I 2025 mm 
o 8d l ! 2025 rrm 

350 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120X flNS standard 
3.81 cm/s 
4 .15 bar 

40 deg C 

bypass 

F i g . 2 2 7 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3P TEST-No. 2 



c Ladding temperature 

1000-

800H 

o 

o 500-
LU 
CC 

er 
£ 400-
ß_ 

2004 

TC ax. Level. 

0 17h2 
ra s l e e v e 

2025 nrm 
2025 rrm 

HD 

0-
- 5 0 50 100 150 200 300 350 TIME 3 

decay heat 
f l o o d i n g ra te ico ld) 
system p ressu re 
feedwater temperature 

120K HNS s tandard 
3.81 cm/s 
4 .15 oar 

40 deg C 

0 lockage 

F i g . 2 2 8 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2 



c l a d d i n g temperature 

TC I a x i a l l e v e l 

o I3d2 ! 2025 rrm 
n s l eeve j 2025 mm 

TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207 HNS s tandard 
3.81 cm/s 
14.15 bar 

U0 deg C 

b lockage 

m LETRB" 

F i g . 2 2 9 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 23 



c l a d d i n g temperature 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120?. RNS s tandard 
3.31 cm/s 
4 .15 bar 

m deg C 

bypass 

F i g , 230 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



heat t r a n s f e r c o e f f . 

TC 1 ax. Leve l 

* 9h l ! 1925 rrm 
A 19g3 i 1825 mm 
o 19g2 I 1725 nm 
D iQg l I 1625 mm 

350 TIME S 

0.05H 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120/. flNS s tandard 
3.81 cm/s 
4 .15 bar 

tO deg C 

bypass 

F i g . 231 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



cLadding temperature 

10004 TC 1 ax . l e v e l 

& 
© 

17hl 
16g3 
15g2 
16gl 

1325 mm 
1825 mm 
1725 mm 
1825 mrn 

N> cn 
CD 

300 350 TIME S 

decay heat 
f l o o d i n g ra te {cold? 
system p ressu re 
feedwater temperature 

120X flNS standard 
3.81 cm/s 
4 .15 bar 

m deg C 

blockage 

LKTTHF 

F i g . 232 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



heat t r a n s f e r c o e f f , 

0 . 0 5 TC I ax . l e v e l 

0 . 0 0 

« 17hl 
A 16g3 
o 16q2 
a 16gl 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

to 
0) 
-~1 

300 350 TIME S 

decay heat 
f l o o d i n g ra te I C Q Id! 
system p ressure 
feedwater temperature 

1207. flNS standard 
3.81 cm/s 
14.15 bar 

140 deg C 

b lockage 

F i g . 2 3 3 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



a x i a l l e v e l : 1925 mm 

1000 & c l a d d i n g temperature (16g>4) 
© f l u i d temperature 
a housing temperature 

250 300 350 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

1207. HNS s tandard 
3.81 cm/s 
14.15 bar 

40 deg C 

b lockage 

lil TjuTfTB" 

F i g * 2314 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 3 , TEST-No. 239 



a x i a l l e v e l : 1725 mm 

1000 

800H 

o 
o 600 

az 

E 400 
Q_ 

200H 

•50 "so" 

A c l add ing temperature (16g21 
o f l u i d temperature 
n housing temperature 

100 150 200 250 300 350 TIME 3 

decay heat 
f lood ing ra te (cold] 
system pressure 
feedwater temperature 

1207. FINS s tandard 
3.81 cm/s 
14.15 bar 

40 deg C 

b lockage 

l& USTHF 

F i g . 2 3 5 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



a x i a l l e v e l s 1625 mm 

decay heat 
f l o o d ing r a t e fco id) 
system pressure 
feedwater temperature 

120% RMS standard 
3.31 cm/s 
4 .15 bar 

W deo C 

b lockage 

L fuT lB " 

F i g - 236 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 f TEST-No= 239 



pressu re Loss 
a long the t e s t s e c t i o n ; 

* t o t a l l e n g t h : 1196 rrm 
& lower p a r t : 1711 mn 
© m i d d l e p a r t ; 515 mm 
a upper p a r t : 19U0 mm 

-100 300 «100 500 600 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

120% HNS s tandard 
3.81 cm/s 
4 .15 oar 

40 deg C 

I RB 

F i g . 237 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 



c o o l a n t cond i t i ons : 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

1207. RMS standard 
3.81 cm/s 
4 .15 bar 

40 deg C 

J Ä 

F i g - 2 3 8 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 239 
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a x i a l p o s i t i o n of the quench f ron t 

a rewet t ing of the s l eeve at the bundle midplane 

x rewet t ing of the rod downstream of the blockage 

4000 
1000 TIME 5 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

1207. RNS standard 
3.81 cm/s 
4 .15 bar 

40 deg C 

F i I g nqq F F R Q . q ¥ q R f f i n Rl IMdl F 
c j g I L U r l i J A J M U U D U I N L J L , [ _ 

T F S T SFRTFS ^ T F S T - N n P'RQ 



i n i t i a l a x i a l temperature p r o f i l e of the c ladd ing 

Oi 

500H 

1000H 

1500-

Lu 2000-
> 
LU 

CC 
x 2500-

3000H 

3500H 

4000-
250 500 750 1000 TEMPERRTURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120Z RNS standard 
3.80 cm/s 
6.24 bar 

40 deo C 

F i g . 2 4 0 FEBfl: 5x5 ROD BUNDLE 
TEST SERIES 3P TEST-No. 2 
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heat t r a n s f e r c o e f f . 

0 .05 TC I ax. Leve l 

0 .00 

x 18a3 
r 18a2 
* ISa l 
* 12b4 
A 12b3 
o 12b2 

I 3315 mm 
I 2770 mm 
I 2225 mm 
I 1680 mm 
! 1135 mm 
I 590 mm 

-100 500 TIME S 

decay heat, 
f l o o d i n g r a t e (coId) 
system pressure 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
S.24 bar 

40 deg C 

Lt&TRB" 

F i g . 2 1 3 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



cLadding temperature 

1Q0CH 

8004 

o 
iL) 

a 600-
LL) 
CC 
ZD 
S— 
CT 

£ uoo-
2: 
LU 

200-

0-
- 5 0 

TC ax . l e v e l 

1 1 'JEff I lfm-

50 100 

im 

7f3 

9h3 

2U25 mm 
2325 mm 
2225 mm 
2125 rrrn 

CD 

150 200 250 TIME S 

decay heat 
f l o o d i n o r a t e {cold! 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
8.24 oar 

40 deg C 

bypass 

Fig.2U4 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



heat t r a n s f e r c o e f f . 

0-05H TC 

0 . 0 0 

I ax. L e v e l 

o 7fU I 2U25 mn 
A 7 f3 I 2325 mm 
« 9hU I 2225 mm 
a 9h3 j 2125 mm 

to 
CO 

100 150 200 250 TIME S 

decay heat 
f l o o d i n g r a t e (cold3 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
6.24 bar 

40 deg C 

bypass 

ÜSTRB" 

F i g . 215 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



c l a d d i n g temperature 

decay neat 
f l o o d ino r a t e ico id) 
system pressure 
feedwater temperature 

120% RNS s tandard 
3 .80 cm/s 
6.24 bar 

40 deg C 

b lockage 

Fig.2U6 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



heat t r a n s f e r c o e f f . 

0 .05 

0.0UH 

x 0.03H 
ru x 
x 

0.024 
t_> 

0 . 0 H 

0 .00 
-50 

TC I ax. level 

* 22 fU 
A 22 f 3 
o 17hU 
a 17h3 

2H25 rrm 
2325 mm 
2225 rrm 
2125 rrm 

ro 
CD 

250 TIME S 

decay heat 
f l o o d i n g r a t e (co Id) 
system p ressure 
feedwater temperature 

120X RNS s tandard 
3 .80 cm/s 
6.214 bar 

UO deg C 

b lockage 

LhSTRB" 
Fig.247 FEBflI 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



c l a d d i n g temperature 

3 0004 

800 

LD 
LU 
a 
LU 
CC 

cr cc 
LU 
a_ 
LU 

8004 

UOO 

2004 

TC I BK. l e v e l 

<r< 

9n2 
8dy 
8d3 
3d 2 
8d i 

1 2025 mm 
1 2025 mm 
I 2025 mm 
i 2025 mm 
] 2025 mm 

00 

300 T EHE 3 

decay nest 120X FINS s tandard bypass 
f l o o d i n g ra te (cold) 3.80 cm/s ====== 
system p ressu re 6.24 bar 
feedwater temperature *40 deg C 

JV/^rTE. 
ERB 

F i g . 248 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3 f TEST-No. 236 



heat t r a n s f e r c o e f f . 

0 .054 TC ] a x i a l l e v e l 

0 . 0 0 

Sh2 
BdU 
Bd3 
Bd2 
8d l 

2025 mn 
2025 mm 
2025 mm 
2025 mm 
2025 rrm 

150 200 250 300 TIME 3 

decay heat 
f l o o d i n g ra te (cold} 
system pressure 
feedvioter temperature 

1207. flNS s tandard 
3.80 cm/s 
8.2y bar 

4:0 deg C 

bypass 

L f S T r T F 

Fig .249 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2 



cLadding temperature 

lOOOi 

800-

o 
LU 
o 600 
LU 
CC r? f— cx 
£ liOO-

Lu 

20QH 

- 5 0 0 IS" 100 150 200 250 

H3 

300 TIME S 

TC I ax. Leve l 

«> 17h2 i 2025 nm 
s s l e e v e I 2025 rrrrs 

decay heat 
T lood i ng r a t e ICQ id) 
sys tem pressure 
feedwater temperature 

120% RMS s tandard 
3 .80 cm/2 
6.2*4 bar 

«0 deg C 

felGCfcage 

A 
I f^ ikTRF 

F i g . 250 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2 



c l a d d i n g temperature 

decay heat 
f l o o d i n g ra te (cold) 
sys tem pressure 
feedwater temperature 

1207. fiNS s tandard 
3 .80 cm/s 
6.2*i bar 

U0 deg C 

b lockage 

• L ^ t a H E 

F i g . 251 FEBfli 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 23 



c l a d d i n g temperature 

10004 TC I ax. l e v e l 

*> 9h l 
i 19g3 
o 19g2 

I9g i n 

1925 rrm 
1825 mm 
1725 rrm 
1825 rrm 

00 OJ 

150 200 250 300 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120S RNS s tandard 
3.80 cm/s 
6.24 bar 

W deg C 

bypass 

LfCTRF 

F i g . 252 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



heat t r a n s f e r c o e f f . 

0 .054 TC I ax. level 

0 . 0 0 

* 9h l I 1925 mm 
A 19g3 I 1825 mm 
o 19g2 1 1725 mm 
b 19gl j 1625 rrm 

OD 

250 300 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
6.24 bar 

W deg C 

bypass 

U&IRB 

F i g . 253 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 
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heat, t r a n s f e r c o e f f . 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressu re 
feedwater temperature 

1207. RNS standard 
3.80 cm/s 
6.211 bar 

40 deg C 

b lockage 

IKTFET 

F i g . 255 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



a x i a l l e v e l : 1925 mm 

lOOOH & c ladd ing temperature (16g1!] 
© f l u i d temperature 
e housing temperature 

CO O 

300 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% HNS s tandard 
3.80 cm/s 
6.214 Dar 

U0 deg C 

Li lockage 

WauYI 

F i g . 256 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



a x i a l l e v e l : 1725 mm 

lOOOH 

800H 

X_3 

CD 

600H 

200H 

-50 50 100 150 200 250 

A c l add ing temperature (18g21 
o f l u i d temperature 
D housing temperature 

300 TIME 3 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

120"/ RNS s tandard 
3.80 cm/s 
6.2 i i bar 

140 deg C 

b lockage 

F i g . 257 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



axial leve l: 1625 mm 

1000H a c l a d d i n g temperature (16gl l 
© f l u i d temperature 
o hous ing temperature 

8 
ro 

150 200 250 300 TIME S 

decay heat 
f load i ng ra te Icq Id) 
system p ressu re 
feedwater temperature 

120% ANS s tandard 
3.60 cm/s 
6.214 bar 

40 deg C 

b lockage 

LmTHB" 
Fig.258 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 f TEST-No. 236 



pressu re Loss 
a long the t e s t s e c t i o n : 

0.«H 

Q.SA 

sn 
CE 
CO 

co 0.2-
to 

LU 
CC 

Lo 0.1 
to 
LU 
CC 
Q_ 

0.0-

- 0 . 1 
- 100 

* t o taL Length: 1196 rrm 
a Lower p a r t : 1711 mm 
© midd le p a r t : 545 mm 
b upper p a r t : 1910 mn 

ro 
co 
co 

100 200 300 U00 500 T[ME S 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressure 
feedwater temperature 

1207. RNS standard 
3.80 cm/s 
6.214 oar 

i40 deg C 

L K n w 

F i g . 2 5 9 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 



c o o l a n t o u t l e t cond i ti ons : 

decay heat 
f l o o d i n g r a t e (coid) 
system pressure 
feedwater temperature 

120/: RNS s tandard 
3.80 cm/s 
6.21 bar 

40 deg C 

U C T R F 

F i g . 260 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 236 
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a x i a l p o s i t i o n of the quench f ron t 

ta rewet t ing of the s leeve at the bundle midplane 

x rewet t ing of the rod downstream of the blockage 

500 750 1000 T[ME 5 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

120% RNS standard 
3 .80 cm/s 
6.214 bar 

yo deg c 

i JRB 

F i g . 261 FEBfl: 5x5 ROD BUNDLE 
TEST SERIES 3 TEST-No 236 
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i n i t i a l a x i a l temperature p r o f i l e of the c ladd ing 

CH 

500 

1000 

1500-1 

3E 

LU 2000-1 
UJ 
_l 
_J 
CE 
x 2500H 

3000 

3500H 

"4000 
250 500 750 1000 TEMPERRTURE DEG 

decay heat 120/i flNS s tandard 
f l o o d i n g ra te (cold) 5 .80 cm/s 
system p ressu re 1.93 bar 
feedwater temperature 4=0 deg C 

LMTRF 

F i g . 262 FEBfli 5x5 ROD BUNDLE 
T mmm j fBk tffltfflwo p™> ^ «aaa» ĵsca ^csa a n a p n u t H fc • I I 



t e s t parameters : 

decay heat 
f l o o d i n g r a t e (co Id] 
system pressure 
feedwater temperature 

120% RNS s tandard 
5.80 cm/s 
1.93 bar 

40 deg C 

LKTRB" 

F i g . 263 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2U=0 



c l a d d i n g temperature 

1000 TC I ax. l e v e l 

+ 
X 
Y 
• 
&. 

O 
m 

18a'4 
18a3 
18a2 
18al 
12b4 
12b3 
12b2 
12bl 

3860 mm 
3315 rrm 
2770 nm 
2225 rrm 
1680 nm 
1135 rrm 
590 mm 

U5 mm 

ro 
co 
00 

-100 600 TIME S 

decay beat 
f l o o d ing r a t e (co id) 
system pressure 
feedwater temperature 

120% RHS s tandard 
5 .80 cm/s 
1.93 bar 

40 deg C 

F i g . 264 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 210 



heat t r a n s f e r c o e f f . 

0.05-1 

0 .00 

TC I ax . l e v e l 

* 18a3 I 3315 rrm 
v 18a2 I 2770 mm 
* 18a l I 2225 rrm 
o 12bU I 1680 mm 
A 12b3 i 1135 rrm 
o 12b2 j 590 mr. 

ro 
co 

CO 

300 U00 500 600 TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. flNS s tandard 
5.80 cm/s 
1.93 bar 

W deg C 

F i g . 265 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



cLadd ing temperature 

decay heat 120% flNS standard bypass 
f l o o d i n g ra te (cold) 5.80 cm/s ====== 
system p ressu re 1.93 bar 
feedwater temperature 40 dea c 

F i g * 266 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3P TEST-No. 240 



heat t r a n s f e r c o e f f . 

0 . 0 5 

0 . 0 0 

TC I ax . L e v e l 

* 7fU I 2U25 mm 
A 7 f3 I 2325 mm 
© 9hU ( 2225 mm 
a 9h3 i 2125 mm 

w 
o 

300 TIME S 

decay heat 
f l o o d i n g ra te (coldD 
system p ressu re 
feedwater temperature 

1207. flNS standard 
5.80 cm/s 
1.93 bar 

• U0 deg C 

bypass 

JVmWl 

F i g . 287 FEBfls 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



c l a d d i n g temperature 

1ÖÖCH TC ax. l e v e l 

* 22 f 4 
& 22 f 3 
© !7h4 
o 17h3 

2<425 mm 
2325 rrm 
2225 rrm 
2125 rrm 

CO 
o 
ro 

TIME 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

120% RNS s tandard 
5 .80 cm/s 
1.33 bar 

40 des C 

lockage 

F i g . 268 FEBfl: 5x5 ROD BUNDLEP TEST SERIES 3, TEST-No, 240 



heat t r a n s f e r c o e f f . 

0.05 TC ax. Leve l 

0 .00 

* 22fU I 2U25 mm 
A 22 f3 1 2325 mm 
o 17hU I 2225 rrm 
a 17h3 I 2125 mm 

8 
CO 

300 TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

120% flNS s tandard 
5 .80 cm/s 
1.93 bar 

40 deg C 

b lockage 

LrSTWB" 

F i g . 269 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



c l a d d i n g temperature 

10001 TC 

* 9h2 
• 3dM 
a 8d3 
« 8d2 
n Bdl 

I ax . l e v e l 

i 2025 mm 
20; rrm 
2025 mn 
2025 rrm 
2025 mn 

CO 
o 

350 TIME S 

decay heat-
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1202 RNS s tandard 
5 .80 cm/s 
1.93 öar 

W deg c 

bypass 

F i g . 270 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



heat t r a n s f e r c o e f f . 

0 .05H TC i a x i a l l e v e l 

* 9h2 i 2025 mm 
A SdU I 2025 mm 
A 8d3 I 2025 mm 
« 8d2 ! 2025 mm 
a 8d l I 2025 mm 

o 

0 .00 
350 TIME S 

decay heat 
f l o o d i n g ra te Icotdl 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
5 .80 cm/s 
1.93 bar 

«40 deg C 

bypass 

ÜSTW 

F i g . 271 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



c l a d d i n g temperature 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

120% RNS s tandard 
5.60 cm/s 
1.93 Oar 

40 deg C 

b lockage 

I Ä 
IK\ L M M " 

F i g . 272 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3P TEST-No. 240 



c l a d d i n g temperature 

decay heat 
f l o o d i n g r a t e (co ld ! 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
5 .80 cm/s 
1.93 bar 

40 deg C 

b lockage 

ÜNSTRB" 

Fig.273 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2Ü0 



c l a d d i n g temperature 

1000 TC I a x . l e v e l 

» 9h l 
* 19g3 
o 19g2 
n 19gl 

1925 mm 
1825 irm 
1725 mm 
1825 mm 

CO 

s 

400 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% FINS s tandard 
5.80 cm/s 
1.93 öar 

40 deo C 

bypass 

F i g . 2714 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3W TEST-No. 240 



heat t r a n s f e r c o e f f . 

0.05-1 TC i a x . l e v e l 

0 . 0 0 

9hl 
1993 

« 19g2 
a 19gl 

1925 mm 
1825 nrm 
1725 mm 
1625 mm 

co o 
CO 

300 liOO TIME S 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
5.80 cm/s 
1.93 bar 

ii0 deg C 

bypass 

F i g . 275 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 P TEST-No. 240 



cLadd ing temperature 

1000 TC I a x . l e y e l 

• l ? h l 
& 16g3 
« 16g2 
n 16gl 

1925 rrm 
1825 mm 
1725 mm 
1625 rrm 

CO 

o 

300 350 400 TIHE S 

decay heat 
f l o o d i n g ra te (co Id I 
system p ressu re 
feedwater temperature 

1207. RNS s tandard 
5.80 cm/s 
1.93 Dar 

40 deg C 

b lockage 

F i g . 276 FEBfl: 5x5 ROD BUNDLE* TEST SERIES 3S TEST-No. 240 



heat t r a n s f e r c o e f f . 

0.05-1 TC 1 ax. level 

0 . 0 0 

17hl 1 1925 rrm 
A 16g3 I 1825 mm 
o 16g2 I 1725 rrm 
a 16gl j 1625 mm 

400 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. RHS s tandard 
5 .80 cm/s 
1.93 bar 

40 deg C 

b lockage 

F i g . 277 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



a x i a l l e v e l : 1925 mm 

lOOOH A c l a d d i n g temperature U6gU] 
© f l u i d temperature 
D housing temperature 

CO 

400 TIME 5 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

120% HNS s tandard 
5.80 cm/s 
1.93 bar 

40 deg C 

b lockage 

ÜNSTRB" 

Fig.278 FEBfli 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



a x i a l l e v e l : 1725 mm 

decay heat 
f l o o d i n g ra te (co ld ! 
system pressure 
feedwater temperature 

1207. flNS s tandard 
5.80 cm/s 
1.93 bar 

40 deg C 

b lockage 

IM LKHRB" 

F i g . 279 FEBfli 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



a x i a l l e v e l : 1625 mm 

lOOOH & c l a d d i n g temperature (16gl l 
G> f l u i d temperature 
n hous ing temperature 

CO 

100 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

1207. flNS standard 
5.80 cm/s 
1.33 bar 

40 deg C 

b lockage 

Ustrf 

F i g . 280 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 



pressu re Loss 
a long the t e s t s e c t i o n : 

0.«H 

0.3-

d 

CO 
to 0.2 
to 

LU 
DC 

lo 0.1 
(O 
UJ 
DC 
G_ 

o.oH 

-o . i 
- 1 0 0 

* t o t a l l e n g t h : 4196 rrm 
A lower p a r t : 1711 mm 
» midd le p a r t : 545 rrm 
a upper p a r t : 1940 rrm 

03 

CJl 

600 TIME S 

decay heat 
f l o o d i n g ra te tcold) 
system p ressu re 
feedwater temperature 

120% flNS s tandard 
5.30 cm/s 
1.93 bar 

40 deg c 

Ä 
iKs torn 

F i g . 2 8 1 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 240 
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a x i a l p o s i t i o n of the quench f ron t 

a rewet t ing of the s leeve at the bundle midp lane 

x rewet t ing of the rod downstream of the blockage 

11000 
1000 TIME 5 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120% RNS standard 
5.80 cm/s 
1.93 bar 

10 deg c 

If&TRB" 

F . jnaaB mmmm min *™™ jmsra eamaa I I fe I f™*% | mama 

I Q i 233 I LuH! oX w n Lj LJ o U IN LJ L t. 
j p c T c p p T p c o TFST—No PL 
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i n i t i a l a x i a l temperature p r o f i l e of the c l add ing 

5QCH 

1000H 

1500 

Lu 2000 
:> 

fX 

x 2500-1 

3000 

3 5 0 0 i 

•4000-
0 250 500 750 1000 TEMPERATURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

120X RNS standard 
5.72 cm/s 
11.13 bar 

40 deg C 

KiTRF 

Fig .28H FEBfl: 5x5 ROD BUNDLE 
TEST SERIES 3, TEST-No. 238 



FLOODING RRTE CM/S 

- h Ui —K CX 
co -< <~ CD 
ro <r> o o 

ÜB § 
r+ 3 -T 
ro xj OD ro 
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c ladd ing temperature 

JOOOH 

8001 

LJ 

CD 
UJ 
o 600-
UJ 
EC 

£ uoo-
Q_ 

LU 

200-

TC I ax. leve I 

+ 18a« 1 3860 nnm 
X 18a3 I 3315 rrm. 
Y I8a2 1 2770 nnm 
% 18ai 1 2225 rrm 
• 12Wi 1 1680 nm 
A. 12b3 1 1135 rrm 
© 12b2 1 590 nro 
m 12bl ! 45 rrm 

CO 

o 

3 

-100 100 300 M00 T EHE S 

decay beat-
f l o o d i n g r a t e ICQ id) 
systern pressure 
feedwater temperature 

120% RNS s tandard 
5.72 cm/s 
4 .13 bar 

W des c 

iKJ IkTRB" 

F i g . 2 8 6 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No- 238 



neat transfer- c o e f f . 

0 .051 TC I ax. l e v e l 

0 .00 

x 18a3 I 
T 18a2 I 
* 18al I 
* 12bü I 
A 12b3 1 
« 12b2 I 

3315 rrm 
2770 mm 
2225 nm 
1680 ram 
1135 rrm 
590 nro 

CO 
ro 

TIME 3 

decay heat 
f l o o d i n g r a t e fco Id) 
system pressure 
feedwater temperature 

1207. flNS s tandard 
5.72 cm/s 
U.13 bar 

U0 deg C 

F ig .287 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



c l a d d i n g temperature 

1000 TC 1 ax . l e v e l 

* 7 fy I 
A 7 f3 1 
o 9hU I 
n 9h3 1 

2425 mm 
2325 mm 
2225 mm 
2125 mm 

u ro ro 

250 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% flNS s tandard 
5.72 cm/s 
14.13 bar 

140 dea C 

bypass 

F iQ* 288 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3 P TEST-No. 238 



heat t r a n s f e r c o e f f , 

0 .051 TC ax . L e v e l 

0 . 0 0 

* 7fU 
A 7 f3 
o 9hU 
a 9h3 

2U25 mm 
2325 mm 
2225 mm 
2125 mm 

CO 

Co 

250 TIME 5 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressu re 
feedwater temperature 

1207. FINS s tandard 
5 .72 cm/s 
Lfc.13 bar 

10 deg C 

bypass 

F i g . 289 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



c l a d d i n g temperature 

1000H TC i ax. l e v e l 

* 22 f 4 
Ä 22 f 3 
© 17h4 
a 17h3 

2425 rrm 
2325 rrm 
2225 rrm 
2125 mn 

CO 
ro 

TIME S 

decay heat 
f l o o d i n g r a t e fco Id) 
system pressure 
feedwater temperature 

120Z RNS standard 
5 .72 cm/s 
i i . 13 öar 

m deg C 

b lockage 

WmWl 
IMTRB" 

F i g . 290 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No, 238 



heat t r a n s f e r c o e f f . 

0.05-1 TC i ax. l e v e l 

* 22 fU 
A 22 f 3 
© !7hU 

17h3 Q 

2U25 rrm 
2325 mm 
2225 mm 
2125 rrm 

CO 
ro 
cn 

0 .00 
TIME 3 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

1207. RNS s tandard 
5 .72 cm/s 
»4.13 bar 

40 deg C 

b lockage 

ÜCTHB" 

F i g . 291 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 
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heat t r a n s f e r c o e f f . 

TC I a x i a l l e v e l 

* 9h2 I 2025 rrm 
A 8dU I 2025 mm 
A 8d3 I 2025 rrm 

8d2 I 2025 mn 
8d l I 2025 rrm 

decay heat 
f l o o d i n g ra te {coldI 
system pressure 
feedwater temperature 

120X flNS standard 
5.72 cm/s 
«4.13 bar 

140 deg C 

bypass 

u S T R F 

F i g . 293 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 
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cLadding ternperature 

decay heat 
f l o o d i n g r a t e (cold] 
system pressure 
feedwater temperature 

1207. RNS standard 
5.72 cm/s 
14.13 bar 

i|0 deg C 

b lockage 

F i g . 295 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. RNS s tandard 
5 .72 cm/s 

13 bar 
10 deg C 

bypass 

LNSTRB" 

F i g . 296 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



heat t r a n s f e r c o e f f . 

TC I ax . l e v e l 

decay heat 1207. flNS s tandard bypass 
f l o o d i n g ra te CcoUH 5.72 cm/s ====== 
system p ressu re U.13 bar 
feedwater temperature *40 deg C 

F i Q * 297 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



c l a d d i n g temperature 

10001 TC I a x . l e v e l 

23 

17hl I 
16Q3 ! 
16g2 I 
16gl I 

1925 rrm 
1825 rrm 
1725 rrm 
1625 mm 

CO 
CO 
ro 

300 TIME 3 

decay heat 
f l o o d i n g rate (coId) 
system p ressu re 
feedwater temperalure 

120?. RNS s tandard 
5. 72 cm/s 
14.13 oar 

140 deg C 

blockage 

LtelRF 

F i g . 298 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



heat t r a n s f e r c o e f f . 

0 .051 TC 1 a x . l e v e l 

0 . 0 0 

* I 7h i 
A 16g3 
o lSg2 
a 16gl 

1925 mn 
1825 mrn 
1725 mm 
1625 mm 

- 5 0 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. ANS s tandard 
5. ,'2 cm/s 
14.13 bar 

140 deg C 

b lockage 

T R I " 

Fig .299 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



a x i a l l e v e l : 1925 rnm 

decay heat 
f l o o d ing r a t e (cold) 
system pressure 
feedwater temperature 

120% flNS s tandard 
5 .72 cm/s 
14.13 bar 

40 deg C 

b lockage 

F i g . 300 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



a x i a l l e v e l : 1725 mm 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. RNS s tandard 
5 .72 cm/s 
14.13 bar 

40 deg C 

b lockage 

F i g . 301 FEBfl s 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



a x i a l l e v e l : 1625 mm 

decay heat 
f l o o d ing ra te ICQ Id) 
system p ressu re 
feedwater temperature 

1207. flNS standard 
5.72 cm/s 
4 .13 bar 

40 deg C 

b lockage 

J Ä 
IM IMXRB" 

F i g . 3 0 2 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 



pressu re Loss 
along the t e s t s e c t i o n : 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressure 
feedwater temperature 

120% HNS standard 
5.72 cm/s 
4 .13 bar 

40 deg C 

D m 

F i g . 303 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 238 
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a x i a l p o s i t i o n of the quench f ron t 

ta rewet t ing of the s l eeve at the bundle midplane 

x rewet t ing of the rod downstream of the blockage 

4000 
500 750 L000 TIME S 

decay heat 
f l ood ing r a t e (co Id) 
system pressure 
feedwater temperature 

120% flNS standard 
5.72 cm/s 
14.13 bar 

40 deg C 

töXRß" 

F i g . 3 0 5 FEBfi: 5x5 ROD BUNDLE 
"TEST SERIES 3p TEST No• 238 



— 340-

i n i t i a l - a x i a l temperature p r o f i l e of the c ladd ing 

•500 

1000H 

15004 

Eu 2000 
> 
LU 

d 

x 2500 
cx 

3000H 

3500H 

1000-
0 250 500 750 1000 TEMPERATURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwa te r temp era ture 

1207. RNS s tandard 
5.71 cm/s 
6.21 bar 

40 deg c 

LNSTRB" 

ig.306 FEBfls 5x5 ROD BUNDLE 
T fc™, '%Bm I L n a Smuff 1 Inv) ma$£ I lus t **aast I ______ I V I Lml 

L— \ « / I SaJ Lora» I I JL I— V-/ \ n « r p I La» HrajJ I I N W B d a \ J * 



FLOODING RRTE CM/S 
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cLadding temperature 

1000 

800 

13 
LU 
o 
LU 
OC rr> 
I— cn 
az 
LU 
CL. 
s: 
LU 
I— 

TC ! a X. leve I 

+ 18aUI 3860 mm 
x 18a3 I 3315 mm 
Y 18a2 i 2770 nnm 
* 18a 1 I 2225 rrm 
* 12t>4 i 1680 mm 
A 12b3 i 1135 rrm 
o 12b2 I 590 mm 
Q 12bl ! US rrm 

CO 

400 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% RNS s tandard 
5.71 cnv's 
6.21 bar 

m deg C 

F i g . 308 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



heat transfer coeff . 

0.05H TC I ax. level 

0 .00 

x 18a3 I 
•«- 18a2 I 
* 18a I j 
* 12b4 ) 
A 12b3 1 
© 12b2 I 

3315 rrm 
2770 mm 
2225 rrm 
1680 mm 
1135 mm 
590 mm 

w 
CO 

-100 TIME S 

decay heat 
flooding rate (cold! 
system pressure 
feedwater temperature 

1207. HNS standard 
5.71 cm/s 
6.21 bar 

40 deg C 

UCTHB" 

F ig .309 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c Laddirsg tempera tu re 

1000 TC i ax. Leve l 

&. 

(3 

7fU 
7f3 
9h4 

2425 mm 
2325 rrm 
2225 rrm 
2125 mn 

CO 

TIME S 

decay heat 
f l o o d i n g r a t e {coId) 
system pressure 
feedwater temperature 

1207. HNS standard 
5.71 cm/s 
6.21 bar 

40 des C 

bypass 

F i g . 310 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



0.05H 

heat t r a n s f e r c o e f f . 

TC 1 ax. Leve l 

•* 7fU 2U2S 
A 7f3 2325 rrm 
O 9hU 2225 mm 
£3 9h3 2125 fiTH 

TIME 3 

decay heat 
f l o o d i n g r a t e (cold.! 
system pressure 
feedwater temperature 

120Z flNS standard 
5.71 cm/s 
5.21 bar 

10 deg C 

bypass 

JBB" 

F i g . 311 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c l a d d i n g temperature 

lOOCH 

CX 
m U00 a. 

• 

© 
rn 

TC I ax . l e v e l 

22 fU I 2125 mm 
22 f 3 I 
17hm I 
17h3 I 

2325 mm 
2225 mm 
2125 rrm 

CO 

CB 

TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% RNS s tandard 
5.71 cm/s 
6.21 bar 

UO deg C 

b lockage 

F i g . 312 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



heat transfer coeff. 

Q . Q S l 
TC ax. LeveL 

0 .00 

* 22fU I 2Ü25 mm 
A 22f3 I 2325 mm 
o 17hU I 2225 rrm 
D 17h3 I 2125 mm 

TIME S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. flNS s tandard 
5.71 cm/s 
6.21 bar 

40 deg C 

b lockage 

F i g . 313 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c l a d d i n g temperature 

decay fie a t 
f l o o d i n g ra te fco id? 
system p ressu re 
fee dwa t e r temper a ture 

1202 RMS standard 
5.71 cm/s 
5.21 bar 

m deg c 

ss 

Tfc i k i e s 

F i g . 3 1 4 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3 g TEST-No. 235 



heat t r a n s f e r c o e f f . 

TC 1 a x i a l Leve l 

* 9h2 I 2025 rrm 
A 3dU j 2025 nxn 
A 8d3 1 2025 rrm 

decay heat 
f l o o d i n g ra te IcoId) 
system p ressu re 
feedwater temperature. 

120X flNS s tandard 
5. il cni/s 
6.21 bar 

m deg C 

ass 

IBB 

F i g . 315 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 2 



c l a d d i n g temperature 

lOOGH TC I ax. l e v e l 

o I?h2 I 
a s l e e v e I 

2025 mm 
2025 mm 

CO 

o 

decay heat 
f l o o d ing ra te {cold) 
system p ressu re 
feedwater temperature 

120% RNS s tandard 
5.71 cm/s 
S.21 oar 

W deg C 

b lockage 

U5TRB" 

F i g . 316 FEBR: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c l a d d i n g temperature 

lOOCH TC I a x i a l l e v e l 

o I3d2 I 2025 rrm 
n s l e e v e j 2025 mm 

- 5 0 200 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
5.71 cm/s 
6.21 bar 

W deg C 

fa lockage 

WmW. 

F i g . 3 1 7 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 23 



c l a d d i n g temperature 

1000 TC ! ax . l e v e l 

» 9h l 
* I9g3 
» 19g2 
a I9g l 

1925 mm 
1325 mm 
1725 rrm 
1825 rrm 

TIME 

decay heat 
f l o o d i n g ra te f.coidJ 
system pressure 
feedwater temperature 

12QX flNS standart 
5.71 cm/s 
6.21 bar 

tlO des C 

bypass 

" IF \3 

F i g . 3 1 8 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



heat t r a n s f e r coe f f 

0 . 0 5 

0 . 0 0 

TC 1 ax . Leve l 

* 9hl I 1925 rrm 
A 19g3 I 1825 nm 
o 19g2 j 1725 rrm 
o 19gl I 1625 nm 

CO 
CJl 
CO 

200 250 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

1207. flNS s tandard 
5.71 cm/s 
6.21 bar 

10 deg C 

bypass 

liSTRB" 

F i g . 319 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c l a d d i n g temperature 

1000 TC I a x . l e v e l 

* 17hl I 
* 16g3 1 
© 16g2 I 
a IBg l 1 

1925 mrt 
1825 rrrn 
1725 mn 
1625 rrrn 

CO 
Ol 

decay heat 
f l o o d i n g ra te (coldI 
system p ressure 
feedwater temperature 

120% RNS standard 
5.71 cm/s 
6.21 bar 

W des C 

blockage 

F i g . 320 FEBfli 5x5 ROD BUNDLE, TEST SERIES 3 f TEST-No. 235 



heat t r a n s f e r c o e f f , 

0 . 0 5 ^ TC } ax . l e v e l 

o I7h i ! 1925 mm 
A 16g3 j 1825 mm 
© 16g2 ! 1725 mm 
a IGgl j 1625 mm 

CO 

01 

0 . 0 0 
250 TIME 3 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedvseter temperature 

1207. RNS standard 
5.71 cm/s 
6.21 bar 

«10 deg C 

blockage 

WmWL 
I E T H F 

F i g . 321 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



a x i a l l e v e l : 1925 mm 

decay heat-
f l o o d ino r a t e (cold) 
system pressure 
feedwater temperature 

120% flNS s tandard 
5.71 cm/s 
6.21 bar 

HO deg C 

b lockage 

LhSTRB" 

F i g . 322 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



a x i a l l e v e l : 1725 mrn 

100CH 

800H 

C J 

1 B00 

1400 

200H 

-50 "so" 

A c l add ing temperature (16g2) 
o f l u i d temperature 
n housing temperature 

1D0 150 200 250 TIME 3 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. flNS s tandard 
5.71 cm/s 
6.21 bar 

140 deg C 

b lockage 

THE" 

F i g . 323 FEBfl: 5x5 ROD BUNDLE, TEST SERI'ES 3, TEST-No* 235 



a x i a l l e v e l : 1625 mm 

lOOOH A c l a d d i n g temperature U 6 g l ) 
© f l u i d temperature 
ra housing temperature 

CJl CD 

TIME 5 

decay heat 
f l o o d i n g ra te (coId) 
system p ressu re 
feedwater temperature 

120% flNS s tandard 
5.71 cm/s 
6.21 bar 

40 deg C 

b lockage 

Ä 

F i g * 324 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No, 235 



p ressu re Loss 
a long the t e s t s e c t i o n : 

decay heat 
f l o o d i n g r a t e (cold) 
system p ressure 
feedwater temperature 

120% RHS s tandard 
5.71 cm/s 
6.21 oar 

10 deg C 

LteTRB" 

F i g . 3 2 5 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 



c o o l a n t o u t l e t c o n d i t i o n s : 

A water c a r r y over 
o coo lan t temperature 
o coo lan t p ressu re 

decay heat 
f l o o d i n g r a t e (cold] 
system pressure 
feedwater temperature 

1207. ANS s tandard 
5.71 cm/s 
6.21 bar 

U0 deg C 

F i g . 326 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 3, TEST-No. 235 
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a x i a l p o s i t i o n of the quench f ron t 

a rewet t ing of the s l eeve at the bundle midp lane 

x rewet t ing of the rod downstream of the blockage 

500i 

lOOiH 

1 500H 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

120'/ flNS standard 
5.71 cm/s 
6.21 bar 

UO deg C 

I K T f i B " 

F i g . 3 2 7 FEBfl: 5x5 ROD BUNDLE 
TEST SERIES 3, TEST-No. 235 



TEST SERIES III 

Investigation of the Eff e c t s of a 90% Flow Blockage With Bypass, 
Blockage at the Bundle Midplane of 3x3 Rods Placed i n the Corner 
of the 5x5 Rod Bundle, 
Without Grid Spacer at the Bundle Midplane 

Channel L i s t i n g and Data I d e n t i f i c a t i o n for Test No. 235 Through 243 

Channel Data I d e n t i f i c a t i o n Unit Remarks 

No. Type Location 

1 Cladding Temperature 18a4 3860 1 °C 

2 Cladding Temperature 18a3 3315 °C 

3 Cladding Temperature 18a2 2770 °C 

4 Cladding Temperature 18al 2225 °c 

5 Cladding Temperature 12b4 1680 °C 

6 Cladding Temperature 12b3 1135 °c 

7 Cladding Temperature 12b2 590 °c 

8 Cladding Temperature 12bl 45 °c 

9 Cladding Temperature 17h4 2225 °C 

10 Cladding Temperature 17h3 2125 °c 

11 Cladding Temperature 17h2 2025 °C 

12 Cladding Temperature 17hl 1925 °c 

13 F l u i d Temperature TF 2 3315 °c 

14 F l u i d Temperature TFS 2380 °C 

15 F l u i d Temperature TF 1725 °C 

16 F l u i d Temperature TFS 485 °C 

17 Housing Temperature TK' 3315 °C 

18 Housing Temperature TK 2235 °C 

19 Housing Temperature TK 1725 °c 

20 Housing Temperature TK 590 °c 



21 
22 
23 
24 
25 

26 
27 
28 
29 

30 
31 
32 
33 

34 
35 
36 
37 

38 
39 
40 
41 

42 
43 
44 
45 

46 
47 
48 
49 
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: E S I I I 

Type 
Data I d e n t i f i c a t i o n 

Location 
Unit Remarks 

F l u i d Temperature Lower Plenum 
Water Level Detector 4012 
Feedwater Temperature 
F l u i d Temperature Upper Plenum 
Room Temperature 

UC 
°C 
°C 
°C 

Heated + Unheated TC's 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

22f4.2425 1 

22f3.2325 
22f2.2225 
22fl.2125 °C 

Cladding Temperature 21e4.2225 
Cladding Temperature 21e3.2175 
Cladding Temperature 21e2.2125 
Cladding Temperature 21el.2075 

°C 
°C 
Or, 

Cladding Temperature 19g4.1925 
Cladding Temperature 19g3.1825 
Cladding Temperature 19g2.1725 
Cladding Temperature 19gl.l625 

°C 
°C 
On 

Cladding Temperature 16g4.1925 
Cladding Temperature 16g3.1825 
Cladding Temperature 16g2.1725 
Cladding Temperature 16gl.l625 

UC 
°C 
°C 

Cladding Temperature 15a4.3860 
Cladding Temperature 15a3.3315 
Cladding Temperature 15a2.2770 
Cladding Temperature 15al.2225 

°C 
°C 
°C 
°C 

Cladding Temperature 14e4.2225 
Cladding Temperature 14e3.2175 
Cladding Temperature 14e2.2125 
Cladding Temperature 14el.2075 

°C 
°C 
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TEST SERIES III 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

50 Cladding Temperature 13d3 .20251 °C 
51 Cladding Temperature 13d2 .2025 °C 
52 Cladding Temperature 13dl .2025 °c 

53 Cladding Temperature 10f4 2425 °C 
54 Cladding Temperature 10f3 2325 °c 
55 Cladding Temperature 10f2 2225 °c 
56 Cladding Temperature l O f l 2125 °c 

57 Cladding Temperature 9h4 2225 °C 
58 Cladding Temperature 9h3 2125 °c 
59 Cladding Temperature 9h2 2025 °C 
60 Cladding Temperature 9hl 1925 °c 

61 Cladding Temperature 8d4 2025 °c 
62 Cladding Temperature 8d3 2025 °C 
63 Cladding Temperature 8d2 2025 °c 
64 Cladding Temperature 8dl 2025 °C 

65 Cladding Temperature 7f4 2425 °C 
66 Cladding Temperature 7f3 2325 °C 
67 Cladding Temperature 7f2 2225 °C 
68 Cladding Temperature 7f 1 2125 °C 

69 Sleeve Temperature TH 5 13 2025 °c 
70 Sleeve Temperature TH 17 2025 °c 
71 Sleeve. Temperature TH 21 2025 °c 
72 - Open 

73 Cladding Temperature 3b4. 1680 °c 
74 Cladding Temperature 3b3. 1135 °c 
75 Cladding Temperature 3b2. 590 °C 
76 Cladding Temperature 3bl. 45 °C 
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TEST SERIES III 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

77 Cladding Temperature 2c4 4025 1 °C 
78 Cladding Temperature 2c3 3925 °C 
79 Cladding Temperature 2c2 3825 °C 
80 Cladding Temperature 2cl 3725 °C 

81 E l e c t r i c a l Power Input 8 Rods kW Rods No. 1 Through 8 
82 E l e c t r i c a l Power Input 8 Rods kW Rods No. 9 Through 16 
83 E l e c t r i c a l Power Input 9 Rods kW Rods No. 17 Through 25 

84 Housing Temperature TK" 4005 °C 
85 Housing Temperature TK 3915 °C 
86 Hous ing Temperature TK 3820 °C 
87 Housing Temperature TK 3725 °C 
88 Hous ing Temperature TK 3018 °C 
89 Hous ing Temperature TK 2770 °C 
90 Housing Temperature TK 2025 °C 
91 Housing Temperature TK 1925 °C 
92 Housing Temperature TK 1825 °C 
93 Housing Temperature TK 1625 °C 
94 Hous ing Temperature TK 1135 °C 
95 Housing Temperature TK 835 °C 
96 Housing Temperature TK 45 °C 

97 F l u i d Temperature TF 2 3038 °C 
98 F l u i d Temperature TFS 3 2425 °C 
99 F l u i d Temperature TF 2770 °C 
100 F l u i d Temperature TF 2325 °C 
101 - Open 
102 - Open 
103 F l u i d Temperature TF 1925 °C 
104 F l u i d Temperature TF 1135 °C 
105 F l u i d Temperature TF 1625 °C 
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TEST SERIES III 

Channel 
No. 

Data I d e n t i f i c a t i o n 
Type Location 

Unit Remarks 

106 
107 
108 
109 

Cladding Temperature 24C4.40251 

Cladding Temperature 24c3.3925 
Cladding Temperature 24c2.3825 
Cladding Temperature 24cl.3725 

°C 
°C 
°C 
°c 

110 Time (10 Scans/s) s t = 0: Start of Reflooding 

111 
112 
113 

Pressure in Lower Plenum 4091 
Pressure i n Upper Plenum -105 
Pressure i n Buffer 

bar 
bar 
bar 

114 Bundle Power kW Channels: 8 1 + 8 2 + 8 3 

115 Flooding V e l o c i t y (cold) cm/s 

116 Water Carry Over Collected kg Downstream of Bundle E x i t 

117 
118 
119 
120 

Pressure D i f f . 1835 and -105 mm 
Measured 2380 and 1835 mm 
Between 4091 and 2380 mm 
A x i a l Level 4091 and -105 mm 

bar 
bar 
bar 
bar Values Measured Separately 

1) TC's of 0.5 mm diameter embedded i n rod cladding. Measuring p o s i t i o n : 
Example: rod No. = 18, type of rod instrumention = a, TC No. =4, 
a x i a l l e v e l = 3860 mm, referenced to the top flange of the bundle. 

2) TF = TC's of 0.25 mm diameter (bare). 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

3) TFS = TC's of 0.25 mm diameter protected by a r a d i a t i o n shielding. 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

4) TK = TC's of 0.5 mm diameter placed i n the wall of the bundle housing of 
of 6.5 mm thickness. 

5) TH = TC's of 0.5 mm diameter embedded i n sleeve. Measuring p o s i t i o n : 
Example: rod No. 13, a x i a l l e v e l = 2025 mm. 
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TEST SERIES IV 

Test No. Flooding System Feedwater Bundle Power2 Remarks 

Vel o c i t y Pressure Temp l 

(cold) 
cm/s bar °C kW 

0-30 s End 0 s Transient 

267 2 2 4 0 69 45 200 120% ANS Figs. 330 Through 353 

262 3 8 2 0 54 43 200 120% ANS Figs. 354 Through 377 

263 3 8 3 9 61 43 200 120% ANS Figs. 378 Through 401 

268 3 8 5 9 76 44 200 120% ANS Figs. 402 Through 425 

261 5 7 2 0 57 42 200 120% ANS Figs 426 Through 449 

264 5 8 3 9 63 41 200 120% ANS Figs 450 Through 473 

269 5 7 5 9 73 44 200 120% ANS Figs 474 Through 497 

272 3 0 4 0 57 41 200 120% ANS Data Not Plotted 

273 3 0 4 0 57 41 200 120% ANS Data Not Plotted 

266 3 8 3 9 125 45 200 120% ANS Data Not Plotted 

270 9 5 3 8 57 41 200 120% ANS Data Not Plotted 

1) Measured i n the lower plenum 
2) Decay heat transient corresponding 120% ANS Standard 40 s af t e r shutdown 

of the reactor 

Table 4 FEBA 5x5 rod bundle: Main test parameters of te s t series IV 



Rod TC Axial Rod TC Axial 
Type No. Level Type No. Level 

mm mm 

a 1 2225 e 1 2075 
2 2770 2 2125 
3 3315 3 2175 
4 3860 4 2225 

b 1 45 f 1 2125 
2 590 2 2225 
3 1135 3 2325 
4 1680 4 2425 

c 1 3725 S 1 1625 
2 3825 2 1725 
3 3925 3 1825 
4 4025 4 1925 

d 1 2025 h 1 1925 
2 2025 2 2025 
3 2025 3 2125 
4 2025 4 2225 

Rod TC Axial 
Type No. Level 

mm 

X without TC's 

Fig . 3 2 8 5x5 rod bund Le: Radial and axial loca= 
tion of cladd ing, sleeve, spacer, f lu id 
and hous ing TC's for test series IV 
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H Q H Q H Q 

1625 mm 

1725 mm 

1825 mm 

1925 mm 

2025 mm 

2125 mm 

2225 mm 

O O O O O 
I O O O O O 

Fig . 329 5x5 rod bundle: Layout of the bundle 
geometry of test series IV 
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I n i t i a l a x i a l temperature p r o f i l e of the c l a d d i n g 

500 

1000 

1500 

iu 2000H 
> 

x 2500H 

3000H 

3500 

UD00 
250 500 750 TEMPERATURE DEG C 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% ANS standard 
2.21 cm/s 
3.96 bar 

MO deg C 

F i g . 3 3 0 FEBFh 5x5 ROD BUNDLE 
TEST SERIES 4, TEST-No. 267 
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cLadding temperature 

decay heat 
f l o o d i n g ra te {cold] 
system pressure 
feedwater temperature 

120% RNS s tandard 
2.24 cm/s 
3.96 bar 

40 deg C 

F i g . 332 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 



heat t r a n s f e r c o e f f . 

0.05H 

O.OUH 

? 0.03H 
ru 
x 

0.02H 

0.01H 

0.00 

TC I ax . Leve l 

X 18a3 1 3315 mm 
Y 18a2 1 2770 nnm 
SK ISa l 1 2225 mm 
•» 12bü 1 1680 mm 
A 12b3 1 1135 mm 
a 12b2 1 590 mm 

CO 

CO 

-100 TIME 3 

decay heat 
f l o o d i n g ra te Icold l 
system p ressure 
feedwater temperature 

1207. RNS s tandard 
2.24: cm/s 
3.96 bar 

140 deg C 

LhSTTTB" 

F i g . 333 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 14. TEST-No. 267 



c l a d d i n g temperature 

1000 TC I ax. leve I 

• 7f«J j 2U25 mm 
A 7f3 ! 2325 mm 
<s 9hU 1 2225 mm 
a 9h3 1 2125 mm 

CO 

300 350 U00 TIME 5 

decay heat 
f l o o d i n g r a t e (co ld ! 
system p ressu re 
feedwater temperature 

1207. HNS standard 
2.24 cm/s 
3.96 Dar 

40 deg C 

bypass 

F i g . 334 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 267 



heat t r a n s f e r c o e f f . 

0.05H 

0 . 0 0 

TC ax. L e v e l 

• 7fU 2U25 mm 
7f3 2325 mm 

O 9hU 2225 mm 
a 9h3 2125 nm 

100 150 200 250 300 350 U00 TIME 3 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. RNS standard 
2.24: cm/s 
3.96 bar 

U0 deg C 

bypass 

F i g . 335 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 2 



decay heat 
f l o o d ing r a te (cold) 
system pressure 
feedwater temperature 

1207. flNS s tandard 
2.214 cm/s 
3.36 bar 

UO deg C 

b lockage 

lA LK5TRB" 

F i g . 3 3 6 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No, 267 



heat t r a n s f e r c o e f f . 

0.05H 

0.00 

TC I ax . Leve l 

22fU 
22 f 3 
17hU 

n 17h3 

2U25 mm 
2325 mm 
2225 mm 
2125 mm 

CO 

1̂ 

100 200 250 300 350 400 TIME 3 

decay heat 
f lood ing ra te (co Id] 
system pressure 
feedwater temperature 

1207. RNS s tandard 
2.24: cm/s 
3 .95 bar 

40 deg C 

b lockage 

LhSTBF 

F i g . 337 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 14p TEST-No. 267 



c l a d d i n g temperature 

decay neat 
f l o o d i n g ra te ICQ id) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
2 .24 cm/s 
3 .96 oar 

ilO deg C 

bypass 

Ws u N S T f T B " 

g- 338 FEBfl: 5x5 ROD BUNDLE, TEST SERIES TEST-No. 267 



heat t r a n s f e r c o e f f . 

0.Q5H 

Q.mA 

x 0 .03 ru x 
x 

2 : 

0.02H 

1 — 

DC 

0.0H 

D.00 

TC a x i a l l e v e l 

* 9h2 2025 mm 
A 3dU 2025 mm 
A 8d3 2025 mm 
O 8d2 2025 mm 
• 8d l 2025 mm 

CO 
CO 

250 300 350 400 450 500 TIME 5 

decay heat 
f l o o d i n g ra te fco Id) 
system p ressu re 
feedwater temperature 

120Z RNS s tandard 
2.24 cm/s 
3.96 bar 

U0 deg C 

bypass 

I Ä Z 
Ifö \MW 

F i g . 3 3 9 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 267 



cLadd ing temperature 

1000 

800A 

o 
C D 

Q 600 
ÜJ 
CC 
zz> 
1— 
e r 
£ U00-
n_ 
UJ 

200 

0-
- 50 

o 17h2 
n s l eeve 

2025 mm 
2025 mm 

TC i a x. le ve l 

50 100 150 200 250 300 350 U00 U50 500 TIME 5 

decay heat 
f l o o d i n g r a t e fco id) 
system pressure 
feedwater temperature 

120% RNS standard 
2.214 cm/s 
3.36 bar 

40 deg C 

h lockage 

F i g . 340 FEBR: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 267 



decay heat 
f l o o d i n g r a t e (cold) 
system p ressu re 
feedwater temperature 

1207. flNS standard 
2.214 cm/s 
3.96 bar 

U0 deg C 

b lockage 

im 
mm 

F i g . 3m FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No» 267 



cLadding temperature 

10004 

800 

C J 

CD 

o 600 

e r 

£ UO0 
a_ 
LU 

200H 

0-
-50 

ax . Leve l 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

iTTir nfj>« !Snini 

CO 

co 

-W 

500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120X ANS Standard 
2.24 cm/s 
3.96 bar 

40 deg C 

bypass 

F i g . 342 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 



heat t r a n s f e r c o e f f . 

0 .05H 

0.04H 

x 0 . 0 3 
cu X X 

1 ax . l e v e l 

C J 

0.02H 

s— 

0.01 

0 . 0 0 
- 5 0 

1325 mm 
1325 mm 
1725 mm 

325 mm 

500 550 
T I H E S 

decay heat 
f l o o d i n g ra te (coldJ 
system pressure 
feedwater temperature 

120Z flNS s tandard 
2.24 cm/s 
3 .95 bar 

40 deg C 

bypass 

Fig..3U3 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 



cLadding temperature 

10004 TC I ax . Leve l 

* 17hl 
A 16g3 
o 16g2 
a 16gl 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

U50 

CO 
CD 

500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120'/ RNS s tandard 
2 .24 cm/s 
3 .96 bar 

m deg C 

b lockage 

Am 
LfOTTB" 

F i g , 344 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U. TEST-No, 267 



heat t r a n s f e r c o e f f . 

0.054 

0.04:4 

x 0.034 
ru x x 

0.024 
C J 

o.oH 

0 .00 

ax . Leve l 

CO 
00 
CJl 

- 5 0 250 300 350 400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120Z RNS s tandard 
2 .24 cm/s 
3.96 bar 

4:0 deg C 

b lockage 

F i g . 345 FEBR: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 267 



g r i d space r temperature 

1000-

8001 

C J 

CD 
LU 
o 
LU 

oc 
C E 
CC 
LU 

a_ 
LU 
I— 

6004 

Ü004 

2004 

- 5 0 50 100 150 200 TIME S 

TC ! a x i a l l e v e l 

o 87 I 2550 mm 

00 
CO 

decay heat 
f l o o d i n g ra te icoId) 
system p ressu re 
feedwater temperature 

1207. FINS s tandard 
2.24 cm/s 
3.96 bar 

40 deg C 

F i g . 3146 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 267 



80öi 

g r i d space r temperature 

1000-i TC 

a 84 

} a x i a l l e v e l 

I 11460 

o 
a 600-j 

LU 

2Ö0H 

-50 50 100 150 200 250 300 350 400 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. RNS s tandard 
2 .24 cm/s 
3.96 bar 

40 deg C 

F i g . 347 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 



a x i a l l e v e l : 1825 mm 

lOOCH 

8004 

CD 
• 600 
LU 
CC 

CC 

£ uoo 
Q_ s: 
LU 

2004 

& c ladd ing temperature Q9g33 
temperature 

co 
00 
00 

-50 450 500 550 
TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% flNS s tandard 
2.24 cm/s 
3.96 bar 

40 deg C 

bypass 

F i g . 348 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 



a x i a l l e v e l : 1825 mm 

lOOOH & c ladd ing temperature (16g31 
o f l u i d temperature 

300 350 UOO •450 500 550 
T I M E S 

decay heat 
f l o o d i n g r a t e (co ld ! 
system pressure 
feedwater temperature 

1207. RNS s tandard 
2.214 cm/s 
3.96 bar 

40 deg C 

b lockage 

isl LKHRB" 

F I 9. 349 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 267 
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pressure Loss 
along the t e s t s e c t i o n : 

decay heat 
f l o o d i n g ra te ico ld) 
system p r e s s u r e 
feedwater temperature 

1207. HNS s tandard 
2.24 cm/s 
3.96 Dar 

40 deo C 

F i g . 351 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 267 
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— 393 — 

a x i a l p o s i t i o n of the quench f ron t 

B rewet t ing of the s l eeve a t the bundle midplane 

x rewet t ing of the rod downstream of the blockage 

OH 

U00(H . . , r — 
0 250 500 750 1000 TIME S 

decay heat 
f l o o d i n g r a t e (cold) 
system pressure 
feedwater temperature 

120% flNS standard 
2.21 cm/s 
3.96 bar 

40 deg C 

IMTRB" 

F.I o- 3 5 3 FEBfl: 5x5 ROD BUNDLE 
T C C T C C D T CT O i I T CT O T k I n n ^ 



i n i t i a l a x i a l temperature p r o f i l e of the c l add ing 

CH 

50CH 

lOOCH 

1500 

Lu 2000' 

CE 

x 2500 

3000 

3500' 

«4000 
250 500 750 TEMPERATURE DEG C 

decay heat 
f l o o d i n g ra te (cold) 
system p ressure 
feedwater temperature 

120Z RNS standard 
3.80 cm/s 
1.98 bar 

i40 deg C 

W i l l JCTRB" 

F i q . 354 FEBfli 5x5 ROD BUNDLE 
TEST SERIES 4P TEST-No. 2 
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cLadding temperature 

10004 TC I ax . Leve l 

rx 
E iioo 

+ 18aU 1 3860 
X 18a3 1 3315 mm 
Y 18a2 1 2770 imi 

18al 1 2225 mm 
12bU I 1680 mm 

&. 12b3 1 1135 iran 
© 12b2 1 590 mm 

- 1 0 0 800 TIME S 

decay heat 1207. RNS s tandard 
f l o o d i n g r a t e (coid) 3.SO cm/s 
system pressure 1.98 bar 
feedwater temperature 40 deg C 

F i g . 356 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 14, TEST-No. 262 



heat t r a n s f e r c o e f f . 

0 .05 TC 1 ax. Leve I 

X 18a3 1 3315 mm 
T 18a2 1 2770 mm 
* ISa l 1 2225 mm 
• 12bU 1 1680 mm 
A 12b3 1 1135 mm 
O 12b2 1 590 mm 

CO 
co 

TIME 3 

decay heat 
f l o o d i n g ra te (co ld ! 
system pressure 
feedwater temperature 

1207. RNS s tandard 
3.80 cm/s 
1.98 bar 

40 deg C 

USTRB" 

F i g . 357 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 262 



cLadding temperature 

1000 TC I ax. LeveL 

7f4 I 2425 mm 
7f3 1 2325 mm 
9h4 I 2225 mm 
9h3 I 2125 mm 

CO 
CO 
00 

200 250 300 350 100 TIME S 

decay heat 
f lood ing , r a t e (coid) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3 .80 cm/s 
1.98 bar 

10 deg C 

bypass 

F i g * 358 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 14f TEST-No. 262 



heat t r a n s f e r c o e f f . 

0 .05H TC I ax. L e v e l 

7fU I 2U25 mm 
A 7 f3 I 2325 mm 
o 9hU I 2225 mm 
n 9h3 I 2125 mm 

u CO CO 

0 .00 
250 300 350 100 TIME 5 

decay heat 
f l o o d i n g ra te (co ld ! 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3 .80 cm/s 
1.98 bar 

10 deg C 

bypass 

ti&TW 

F i g . 359 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 14. TEST-No. 262 



cLadding temperature 

decay neat 
f l o o d ing ra te fco id) 
system pressure 
feedwater temperature 

120*/ RNS s tandard 
3 .80 cm/s 
1.98 bar 

40 deg C 

b lockage 

LETRB" 

F i g . 360 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



heat t r a n s f e r c o e f f . 

0.05H TC I ax. Leve l 

* 22 fU 
A 22 f 3 
o 17hU 
n 17h3 

2H25 mm 
2325 mm 
2225 mm 
2125 mm 

400 TIME 3 

decay heat 
f Lood ing r a te (co Id] 
system pressure 
feedwater temperature 

120"/ flNS s tandard 
3.80 cm/s 
1.98 bar 

40 deg C 

b lockage 

F i g , 361 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 262 



cLadding temperature 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% RNS standard 
3.80 cm/s 
1.98 Dar 

W des C 

bypass 

U S T R F 

F i g . 352 FEBR: 5x5 ROD BUNDLE, TEST SERIES <i, TEST-No. 262 



0 . 0 5 

heat t r a n s f e r c o e f f . 

TC I a x i a l l e v e l 

SK 9h2 1 2025 mm 
A 8 d U 1 2025 mm 
A 8 d 3 1 2025 mm 
© 8d2 1 2025 mm 
• 8d l j 2025 mm 

o 
CO 

250 300 350 400 450 500 TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% flNS standard 
3.80 cm/s 
1.98 bar 

40 deg C 

bypass 

F i g . 363 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 262 



cLadd ing temperature 

lOOCH TC I ax . LeveL 

o 17h2 
a s l eeve 1 

2025 mm 
2025 mm 

o 

TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. A N S s tandard 
3.30 cm/s 
1.38 bar 

40 deg C 

b lockage 

Fig-36U FEBfli 5x5 ROD BUNDLE, TEST SERIES 14 f TEST-No. 262 



decay heat 
f l o o d i n g ra te (coId] 
system p ressu re 
feedwater temperature 

1207. HNS standard 
3.80 cm/s 
1.98 bar 

•40 deg C 

b lockage 

T R E T 

F i g . 385 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 262 



cLadding temperature 

lOOOH 

800-

C J 

CD 
U J 

o 
U J 

60CH 

£ uoo 
UJ 

200H 

0-
- 5 0 

ax . Leve l 

925 mm 
825 mm 
725 mm 
625 mm 

o 

250 300 350 1400 150 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

12Q2 RNS s tandard 
3 .80 cm/s 
1.98 bar 

10 deg C 

bypass 

F i g . 356 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



heat t r a n s f e r c o e f f . 

O.OSH 

0 .00 

ax . Leve l 

o 

150 200 250 300 350 400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

1207. RNS s tandard 
3.80 cm/s 
1.98 bar 

40 deg C 

bypass 

UCTRB" 

F i g . 367 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



c l a d d i n g temperature 

100CH TC ax . l e v e l 

17hl 
I6g3 
16g2 
ISg l 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

300 350 400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (coid) 
system pressure 
feedwater temperature 

120% flNS s tandard 
3 .80 cm/s 
1.98 Dar 

m deg C 

D lockage 

F i g . 368 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



heat t r a n s f e r c o e f f . 

0 .05 Leve l 

0 .00 
300 350 400 450 500 550 

TIME S 

decay heat 
f l o o d i n g ra te (coId) 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3 .80 cm/s 
1.98 bar 

40 deg C 

b lockage 

F i g . 369 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 262 



g r i d spacer temperature 

1000H 

800 

u 
CD 
UJ 
D 

UJ 
az 
ID 
f— 
CE 
HZ 
UJ 
£L 

x: 
UJ 

6004 

U00H 

200H 

TC I a x i a l l e v e l 

B 86 
© 87 

1 2550 mm 
i 2550 mm 

o 

TIME S 

decay heat 
f l o o d i n g r a t e ICQ Id) 
system pressure 
feedwater temperature 

120% flNS s tandard 
3.80 cm/s 
1.98 bar 

40 deg C 

F i g . 370 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



g r i d spacer temperature 

1000-1 TC 

8U 
85 

j a x i a l l e v e l 

1U60 mm 
11460 mm 

I 

300 350 400 TIME 3 

decay heat 
f l o o d i n g r a t e IcoIdl 
system p ressu re 
feedwater temperature 

1207. flNS s tandard 
3.80 cm/s 
1.98 bar 

•40 deg C 

i f e f 

F i g . 371 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4. TEST-No. 262 



a x i a l l e v e l : 1825 mm 

1000 A c l a d d i n g temperature I19g3) 
© f l u i d temperature 

300 350 400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system pressure 
feedwater temperature 

120/1 RNS s tandard 
3.80 cm/s 
1.98 bar 

40 deg C 

bypass 

F i g . 3 7 2 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



ax i a l leve l : 1825 mm 

10004 A c l a d d i n g temperature (16g31 
o f l u i d temperature 

400 450 500 550 
T I M E S 

decay heat 
f lood ing ra te (co 1dl 
system p ressure 
feedwater temperature 

1207. ANS Standard 
3.80 cm/s 
1.98 bar 

40 deg C 

b lockage 

F i g . 3 7 3 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4. TEST-No. 262 



a x i a l l e v e l : 1725 min 

100CH 

8Q0H 

C D 

o 600-
LU 

cc 

cc cc 
Lü 
0_ 
2: 
Lü 

LiOOH 

200H 

0 
- 5 0 

a c l a d d i n g temperature Ü9g2) 
« f l u i d temperature 
E housing temperature 

50 100 150 200 250 300 350 400 450 500 550 
TIME S 

decay heat 
f l o o d i n g ra te (cold) 
system p ressu re 
feedwater temperature 

120% flNS s tandard 
3.80 cm/s 
1.98 oar 

40 deg C 

bypass 

D O T 

F i g . 374 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 262 



PRESSURE LOSS BRR 
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c o o l a n t o u t l e t c o n d i t i o n s : 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
1 . 9 3 b a r 

UO deg C 

F i g . 376 FEBR: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 262 



a x i a l p o s i t i o n of the quench f r o n t 

h r e w e t t i n g o f t he s l e e v e a t the bund le m i d p l a n e 

x r e w e t t i n g o f the rod downs t ream of t he b l o c k a g e 

4000 
1000 TIME S 

decay hea t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 0 cm/s 
1 .98 b a r 

40 deg C 

F i g . 377 FEBf l i 5x5 ROD BUNDLE 
TEST SERIFS U TFST-No ? 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f the c l a d d i n g 

OH 

500 ' 

1000H 

15DDH 

Lu 2 0 0 0 i 
> 
LU 

CE 

x 2500H 
CE 

3000H 

3500H 

4000 
250 500 750 1000 TEMPERRTURE DEG C 

decay h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

m T R F 

F i g . 378 FEBfls 5x5 ROD BUNDLE 
"j™EST S E R \ E S 4e p TE 3̂T NIo • 2 6 3 



FLOODING RRTE C M / S 
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c l a d d i n g t e m p e r a t u r e 

TC i a x . l e v e l 

x 
Y 
X 
• 

& 

© 

18a4 I 
18a3 ! 
18a2 I 
1 8 a l I 
12b4 I 
12b3 ! 
12b2 I 

3880 mm 
3315 mm 
2770 mm 
2225 mm 
1680 mm 
1135 mm 

590 mm 

- 1 0 0 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e t c o l d l 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 0 cm/s 
3.9M: b a r 

40 deg C 

F i g . 380 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



h e a t t r a n s f e r c o e f f . 

0.05H TC I a x . L e v e l 

x 18a3 I 3315 mm 
Y 18a2 I 2770 mm 
* 18a1 I 2225 mm 
o 12bU I 1680 mm 
A 12b3 I 1135 mm 
© 12b2 590 mm 

ro 

0 . 0 0 
-100 TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. FINS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

l h L N 5 T R B " 

F i g . 381 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 2B3 



c L a d d i n g t e m p e r a t u r e 

lOOCH TC 

& 7 f 3 

n 9h3 

i a x . LeveL 

1 2U25 mm 
! 2325 mm 
I 2225 mm 
I 2125 mm 

N) 

300 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% HNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 Dar 

40 deg C 

b y p a s s 

F i g . 382 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H 

0 . 0 0 

TC a x . L e v e l 

7 f U 2U2S mm 
7 f 3 2325 mm 
9hU 2225 mm 

• 9h3 2125 mm 

to 
CO 

300 T IME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 ba r 

U0 deg C 

b y p a s s 

F i g . 383 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



c l a d d i n g t e m p e r a t u r e 

1000H TC I 

• 2 2 f 4 ! 
A 2 2 f 3 I 
© 17h4 I 
a 17h3 I 

a x . l e v e l 

2425 mm 
2325 mm 
2225 mm 
2125 mm 

N) 

150 200 250 3 0 0 TIME S 

decay n e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

b l o c k a g e 

uNHRB" 

F i g . 384 FEB f l : 5x5 ROD BUNDLE, TEST SERIES 4 f T E S T - N o . 263 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 TC I a x . L e v e l 

0 . 0 0 

* 22 fU 
A 22 f 3 
o 17hU 
a 17h3 

2U25 mm 
2325 mm 
2225 mm 
2125 mm 

ho 

250 3 0 0 T IME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. PINS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 ba r 

40 deg C 

b l o c k a g e 

T r b ~ 

F i g . 365 FEB f l : 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 263 



c L a d d i n g t e m p e r a t u r e 

10004 TC I a x . L e v e l 

& 
a 

B 

9h2 
8dU 
8d3 
8d2 
8 d l 

2025 mm 
2025 mm 
2025 mm 
2025 mm 
2025 mm 

to 
CD 

TIME S 

decay heat-
f l o o d i n g r a t e fco id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
3 . 8 0 c m / s 
3 . 9 4 b a r 

40 deg C 

b y p a s s 

USTfiF 

F i g . 386 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 263 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC I a x i a l l e v e l 

0 . 0 0 

9h2 2025 mm 
A SdU 2025 mm 
A 8d3 2025 mm 
O 8d2 2025 mm 
• 8 d l 2025 mm 

T IME S 

d e c a y h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 c m / s 
3 . 9 4 b a r 

40 deg C 

bypass 

F i g . 387 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 2 



c L a d d i n g t e m p e r a t u r e 

1000 TC I a x . Le ve L 

o 17h2 I 2025 mm 
a s l e e v e 2025 mm 

3 5 0 T IME S 

d e c a y hea t 
f l o o d i n g r a t e (coId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 3 4 b a r 

40 deg C 

b l o c k a g e 

DkTRB" 

F i g . 388 FEBf l : 5x5 ROD BUNDLE, TEST SERIES U, TEST-No* 2 



c L a d d i n g t e m p e r a t u r e 

lOOOH 

80DH 

o 

a 600-
LU 
CO 

CX 

£ 400-

200H 

- 5 0 50 100 150 200 2 5 0 300 

TC I a x i a l L e v e l 

o 13d2 I 2025 mm 
D s l e e v e | 2025 mm 

3 5 0 TIME S 

d e c a y hea t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
3.914 b a r 

10 deg C 

b l o c k a g e 

F i g . 389 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



c L a d d i n g t e m p e r a t u r e 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1202 RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 3 U o a r 

m deg C 

b y p a s s 

1 Ä 
m L&TRB" 

F i g . 390 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 4, T E S T - N o . 263 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H 

0 . 0 0 

TC I a x . L e v e l 

* 9 h l I 1925 mm 
* 19g3 j 1825 mm 
o 19g2 I 1725 mm 
D 1 9 g l I 1625 mm 

CO 

100 150 200 250 300 350 TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120X flNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

b y p a s s 

U C T R B " 

F i g . 391 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



c l add i ng t e m p e r a t u r e 

1000H 

800-

UJ 
a 
Ü J 
oc 

600-

CE 

LTJ Ü O O -

UJ 

2Q0H 

0-
- 5 0 

TC I a x . l e v e l 

• 1 7 h l ! 1925 mm 
& 16g3 1 1825 mm 
« 16g2 I 1725 mm 
a 16g1 I 1625 mm 

CO 
l\3 

^^^J^frn OBUH \ 

200 250 3 0 0 3 5 0 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RMS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 Dar 

140 deg C 

b l o c k a g e 

I Ä 

F i g . 392 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 4, T E S T - N o . 263 



h e a t t r a n s f e r c o e f f . 

TC I a x . l e v e l 

* 1 7 h l I 1925 ram 
A 16g3 j 1825 mm 
© 16g2 I 1725 mm 
D 1 6 g l I 1625 mm 

350 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 ba r 

40 deg C 

b l o c k a g e 

F i g . 393 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4 , TEST-No* 263 



g r i d s p a c e r t e m p e r a t u r e 

100CH 

8 0 0 

o 
CD 
U J 
Q 

UJ 
DC 

CE 
DC 
UJ 
Q_ 
s : 
U J 

600H 

UQ0H 

200H 

TC ! a x i a l l e v e l 

a 86 
® 87 

2550 mm 
2550 mm 

- 5 0 100 150 200 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% HNS s t a n d a r d 
3 . 6 0 c m / s 
3 . 9 4 b a r 

40 deg C 

F i g . 3 9 4 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 26 



g r i d s p a c e r t e s i p e n a t u r e 

- 5 0 100 150 200 2 5 0 3 0 0 

TC 

a 8U 
© 85 

a x i a l L e v e l 

1H6Q am 
1Ü60 mm 

3 5 0 100 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e IcoId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 c m / s 
3 . 9 1 b a r 

«40 deg C 

i f c taw 

F i g . 395 F E B f l : 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 26 



a x i a l l e v e l : 1825 mm 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 3 4 ba r 

4 0 deg C 

b y p a s s 

F i g , 396 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 4, T E S T - N o . 263 



a x i a l l e v e l : 1825 mm 

lOOCH A c l a d d i n g t e m p e r a t u r e (16g3) 
o f l u i d t e m p e r a t u r e 

CO 

~1 

350 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

b l o c k a g e 

JVm\VL 

F i g . 397 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4. T E S T - N o . 263 



a x i a l l e v e l : 1725 mm 

decay h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 3 0 c m / s 
3 . 9 4 b a r 

40 deg c 

b y p a s s 

UCTRB" 

F i g . 398 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



p r e s s u r e Loss 
a l o n g the t e s t s e c t i o n : 

decay h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

4 0 deg C 

LfSIRB" 

F i g . 399 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 263 



c o o l a n t cond i t i o n s : 

decay h e a t 
r iDQd ing r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 c m / s 
3 . 9 4 b a r 

UO deg C 

F i Q a ^00 F E B f l : 5x5 ROD BUNDLE, TEST SERIES 4 f T E S T - N o . 263 



— 441 — 

a x i a l p o s i t i o n of the quench f r o n t 

a r e w e t t i n g o f the s l e e v e a t the bund le m i d p l a n e 

x r e w e t t i n g o f the rod downst ream of the b l o c k a g e 

4000 
500 750 1000 TIME 5 

decay hea t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 cm/s 
3 . 9 4 b a r 

40 deg C 

USTfTB" 

F i g , 401 FEBf l : 5x5 ROD BUNDLE 
T p C T C C D T C C H T p O T _ k j n O O O 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f the c l a d d i n g 

500H 

1000 

1500 

LTJ 2000 ' 
> 
UJ 

CE 

x 2 5 0 0 

3000H 

3500H 

14000 
250 500 750 1000 TEMPERATURE DEG C 

decay h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

40 deg C 

M T R B " 

Fi q . 402 F E B f l : 5x5 ROD B U N D L E 
T E S T S E RJE S 4 p T E ̂ 3 T N o • 2 6 8 



FLOüDING RRTE C M / S 
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c l a d d i n g t e m p e r a t u r e 

TC a x . l e v e l 

+ 18a4 1 3860 mm 
X 18a3 1 3315 mm 
Y 18a2 1 2770 mm 

1 8 a l 1 2225 mm 
12b4 1 1680 mm 
12b3 1 1135 mm 

© 12b2 1 590 mm 

- 1 0 0 100 2 0 0 300 4 0 0 500 TIME 5 

d e c a y h e a t 
f l o o d i n g r a t e ( co id ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

40 deg C 

F i g . 404 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC I a x . L e v e l 

X 18a3 1 3315 mm 
Y 18a2 1 2770 mm 
3R 1 8 a l 1 2225 mm 
• 12bU 1 1680 mm 

12b3 1 1135 mm 
© 12b2 1 590 mm 

Ol 

500 TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

40 deg C 

U S I R B " 

F i g . 405 FEBR: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 268 



c L a d d i n g t e m p e r a t u r e 

1000H TC I a x . l e v e l 

o 
m 

7 f 4 
7 f 3 
9h4 
9h3 

2425 mm 
2325 mm 
2225 mm 
2125 mm 

cn 

2 5 0 TIME 5 

d e c a y h e a t 
f l o o d ing r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 9 0 b a r 

40 deg C 

b y p a s s 

tow 
F i g . 406 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



h e a t t r a n s f e r c o e f f , 

0 . 0 5 H TC a x . l e v e l 

0 . 0 0 

7 f U 
7 f 3 
9hU 
9h3 

2U25 mm 
2325 mm 
2225 mm 
2125 mm 

2 5 0 TIME S 

d e c a y hea t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 9 0 bar 

10 deg C 

b y p a s s 

USTRB" 

F i g . 407 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



TEMPERRTURE DEG C 
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f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 9 0 b a r 

UO deg C 

b l o c kage 

USTREf 
F i g . 409 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 268 



c l a d d ing t e m p e r a t u r e 

d e c a y h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120X RNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 o a r 

W deg C 

b y p a s s 

F ig« 410 F E B f l : 5 x 5 ROD BUNDLE, TEST SERIES ü g T E S T - N o . 268 



d e c a y h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
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5 . 9 0 b a r 

40 deg C 
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F i g . M l FEBR: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 268 



c l a d d i n g t e m p e r a t u r e 
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120/: flNS s t a n d a r d 
3 . 3 0 c m / s 
5 . 3 0 o a r 

40 deg C 

b l o c k a g e 

F i g . 412 FEB f l : 5x5 ROD BUNDLE, TEST SERIES U. T E S T - N o . 268 



d e c a y h e a t 
f l o o d i n g r a t e ( co l d ) 
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f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

U0 deg C 

b l o c k a g e 

VfrvM-

F i g . 113 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U. TEST-No. 268 



c L a d d i n g t e m p e r a t u r e 
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120% flNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 9 0 b a r 

40 deg C 

b y p a s s 

I Ä 
i f e tons" 

F i g . uiu FEBR: 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 268 
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40 deg C 

b y p a s s 

LßTRB" 
F i g . 415 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



c L a d d i n g t e m p e r a t u r e 
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120% flNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 3 0 o a r 

40 deg C 

b l o c k a g e 

F i g - 416 FEBf l : 5x5 ROD BUNDLE* TEST S E R I E S «4, T E S T - N o . 268 



h e a t t r a n s f e r c o e f f . 
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1207. flNS s t a n d a r d 
3 . 8 0 cm/s 
5 . 9 0 ba r 

40 deg C 

b l o c k a g e 

1^ 

F i g * 4 i 7 FEBf l : 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 268 



g r i d s p a c e r t e m p e r a t u r e 
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120% RNS s t a n d a r d 
3 . 8 4 c m / s 
5 . 9 6 b a r 

40 deg C 

UOTRB" 

F i g . 118 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



g r i d s p a c e r t e m p e r a t u r e 
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5 . 9 6 b a r 

40 deg C 

USTT5B" 

F i g . 119 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 
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I R B 

F i g , 420 F E B f l : 5x5 ROD BUNDLE, TEST SERIES «i f TEST-No* 268 
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F i g . 421 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 268 



a x i a l l e v e l ; 1725 mm 

d e c a y h e a t 
f l o o d i n g r a t e ( co l d ] 
s y s t e m p r e s s u r e 
f e e dwa te r ternpe r a tu r e 

1207. RNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

40 deg C 

b y p a s s 

Ä 
\M iklRB" 

F i 9 . 422 F E B f l : 5x5 ROD BUNDLE, TEST SERIES U f T E S T - N o , 268 



p r e s s u r e Loss 
a l o n g the t e s t s e c t i o n : 
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f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
3 . 8 0 c m / s 
5 . 9 0 b a r 

W deg C 

IfSTRB" 

F i g . 123 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 268 
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a x i a l p o s i t i o n of the quench f r o n t 

a r e w e t t i n g o f the s l e e v e a t the bund le m i d p l a n e 

x r e w e t t i n g o f the rod downs t ream of the b l o c k a g e 

4000 
500 750 1000 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e (co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
3 . 6 0 cm/s 
5 . 9 0 bar 

40 deg C 

F i g * 425 FEBf l i 5x5 ROD BUNDLE 
TEST SERIES H, T E S T - N o . 268 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f the c l a d d i n g 
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120% RNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 b a r 

140 deg c 

F i g B 426 FEBf l i 5x5 ROD BUNDLE 
TEST SERIES H, T E S T - N o . 261 
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L rSTRB" 

F i g . U27 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 261 



c L a d d i n g t e m p e r a t u r e 

decay h e a t 
f l o o d i n g r a t e ICQ Id) 
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f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
5 . 6 8 cm/s 
1 .98 b a r 

40 deg C 

LKTHB" 

F i g . 128 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 
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F i g . 429 F E B f l : 5x5 ROD BUNDLE, TEST SERIES Ü P T E S T - N o . 2B1 
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F i g . "430 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 
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F i g . 431 FEBf l : 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 261 



c L a d d i n g t e m p e r a t u r e 

10004 TC 1 a x . l e v e l 

• 22 fU I 2425 mm 
& 2 2 f 3 I 2325 mm 
© 17hi4 ] 2225 mm 
to 17h3 I 2125 mm 

TIME 5 

d e c a y h e a t 
f l o o d i n g r a t e t c o i d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. HNS s t a n d a r d 
5 . 6 8 cm/s 
1 .93 Dar 

40 deg C 

b l o c k a g e 

Ä 
INS taKB" 

F i g . 432 FEB f l : 5x5 ROD BUNDLE, TEST SERIES 4 P T E S T - N o . 261 
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1207. RNS s t a n d a r d 
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1.98 b a r 

140 deg C 

b l o c k a g e 

F i g . 433 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST -No. 261 



c l a d d i n g t e m p e r a t u r e 

100CH 

80GH 

LO 
hJ 
a 
UJ 
cc 

cx 
cc 
UJ 
D_ 
Si 
LU 

sooH 

H O O H 

200H 

TC i a x . l e v e l 

A 
e 
CD 

9h2 
8dU 
8d3 
8d2 
8 d l 

2025 ram 
2025 mm 
2025 mm 
2025 mm 
2025 mm 

3 5 0 T IME S 

decay n e a t 
f l o o d i n g r a t e Ceo id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 8 c m / s 
1.98 o a r 

140 deg C 
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I R B 

F i g . 134 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 
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1207 flNS s t a n d a r d 
5 . 6 8 c m / s 
1.98 b a r 

40 deg C 

b y p a s s 

LföTTO" 

F i g . 435 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 261 



c L a d d i n g t e m p e r a t u r e 
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F i g . 436 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 
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F i g . 437 FEBf l : 5x5 ROD BUNDLE, TEST SERIES i±p T E S T - N o . 261 



c L a d d i n g t e m p e r a t u r e 
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F i g . 438 FEBf l : 5x5 ROD BUNDLE, TEST SERIES H, T E S T - N o . 261 
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120X flNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 b a r 

40 deg C 

b y p a s s 

u f i T R F 

F i g . 1 4 3 9 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 



c L a d d i n g t e m p e r a t u r e 

1000 TC i a x . L e v e l 

o 17hl I 
& 16g3 i 
o 16g2 I 
a 16g1 I 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

oo 
o 

T I M E 

decay h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1202 RNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 b a r 

40 deg C 

b l o c k a g e 

F i g . WO FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC a x . L e v e l 

0 . 0 0 

* 17h l 
A 16g3 
o I6g2 
a 16g l 
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decay h e a t 
f l o o d i n g r a t e (coId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. HNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 b a r 

40 deg C 

b l o c k a g e 

J T / 1 

[ M M " 

F i g . mi FEBR: 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 261 



g r i d s p a c e r t e m p e r a t u r e 
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f l o o d ing r a t e (co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. FINS s t a n d a r d 
5 . 6 8 cm/s 
1.98 b a r 

l O deg C 

Ä 

1& IMfTB 

F i g B 442 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4 f TEST -No. 261 



g r i d s p a c e r t e m p e r a t u r e 

l o o m 

800H 
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SC 
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5 9 D D i 

2 0 0 H 

- 5 0 

TC I a x i a l l e v e l 

8U I 1U60 mm 

1 0 0 150 2 0 0 T I « E 5 

d e c a y h e a t 
f l o o d i n g r a t e Icq I d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120Z ms s t a n d a r d 
5 . 6 B c m / s 
1 .98 b a r 

4 0 deg C 

F i g . 443 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, 
I E ! 

TEST-No 261 



a x i a l l e v e l : 1825 mm 

decay n e a t 
f l o o d i n g r a t e (co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 6 8 cm/s 
1.38 bar 

40 deg C 

b y p a s s 

H IffSf 
F i g . 444 FEB f l : 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 261 



a x i a l l e v e l : 1825 mm 
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f l o o d i n g r a t e (coId] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 bar 

40 deg C 

b l o c k a g e 

Uü uNXTRB" 

F i g . 445 FEB f l : 5x5 ROD BUNDLE, TEST SERIES l i , T E S T - N o . 261 



a x i a l l e v e l : 1725 mm 
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s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 6 8 c m / s 
1.98 b a r 

40 deg C 

b y p a s s 

UCTRBT 

F i g . 446 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 



p r e s s u r e L o s s 
a l o n g the t e s t s e c t i o n : 

O.iJH + t o t a l l e n g t h : 14196 mm 
A l o w e r p a r t : 1711 mm 
o m i d d l e p a r t : 5U5 mm 
n u p p e r p a r t : 19U0 mm 

- 1 0 0 3 0 0 U00 5 0 0 600 TIME S 

d e c a y hea t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 8 cm/s 
1.98 ba r 

40 deg C 

F i g . 4U7 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, 
rRB 

TEST-No 261 



c o o l a n t o u t l e t c o n d i t i o n s : 
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f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 8 cm/s 
1 .98 b a r 

40 deg C 

ÜSTRB" 

F i g . FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 261 



— 489 — 

a x i a l p o s i t i o n of the quench f r o n t 

<n r e w e t t i n g o f the s l e e v e a t the bund le m i d p l a n e 

x r e w e t t i n g o f the rod downs t ream of the b l o c k a g e 
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4000-1 , , , , — 
0 2 5 0 500 750 1000 TIME S 

decay hea t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 6 8 cm/s 
1 .98 b a r 

"40 deg C 

F i g . 449 FEBf l i 5x5 ROD BUNDLE 
TEST SERIES 4 , TEST No• 261. 



— 490 — 

i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f the c l a d d i n g 
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s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

i40 deg c 

mm 

F i g . «450 FEBf i i 5x5 ROD BUNDLE 
TEST SERIES UP T E S T - N o . 264 
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c L a d d i n g t e m p e r a t u r e 

lOOQH TC I a x . LeveL 

+ 
x 
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• 
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© 

18a4 
18a3 
18a2 
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12b4 
12b3 
12b2 

3860 mm 
3315 mm 
2770 mm 
2225 mm 
1680 mm 
1135 mm 

590 mm 

CO 
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- 1 0 0 TIME S 

decay h e a t 
f l o o d i n g r a t e (co id ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

F i g . 152 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 264 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC a x . Leve L 

X 18a3 3315 mm 
T 18a2 2770 mm 
SR 1 8 a l 2225 mm 
<S> 12bii 1680 mm 

1253 1135 mm 
O 12b2 590 mm 
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0 . 0 0 
TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

T W 

F i g , 453 FEBf l : 5x5 ROD BUNDLE, TEST SERIES UP T E S T - N o . 264 
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2325 mm 
2225 mm 
2125 mm 

CO 

TIME 5 

d e c a y hea t 
f l o o d i n g r a t e ( co id ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

b y p a s s 

F i g . 454 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 264 



h e a t t r a n s f e r c o e f f , 

0 . 0 5 TC I a x . L e v e l 

0 . 0 0 

+ 7 fU I 2U25 mm 
A 7 f 3 I 2325 mm 
o 9hU I 2225 mm 
a 9h3 2125 mm 

CO 

d e c a y hea t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. FINS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

b y p a s s 

F i g . 455 FEBA: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 264 



c l a d d i n g t e m p e r a t u r e 
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decay h e a t 
f l o o d i n g r a t e ( co id ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

4 0 deg C 

b l o c k a g e 

1 
F i g . 156 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 264 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC I a x . L e v e l 

0 . 0 0 

* 22 fU 
A 22 f 3 
o 17hU 
n 17h3 

2425 mm 
2325 mm 
2225 mm 
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decay h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

b l o c k a g e 

F i g . i l57 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 264 



c L a d d i n g t e m p e r a t u r e 
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f e e d w a t e r t e m p e r a t u r e 

1202 RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 o a r 

140 deg C 

b y p a s s 

F i g . 458 FEBR: 5x5 ROD BUNDLE, TEST SERIES U. TEST-No. 261 



h e a t t r a n s f e r c o e f f , 

0 . 0 5 H TC a x i a l l e v e l 

K 9h2 2025 mm 
A 8dU 2025 mm 
A 8d3 2025 mm 
Q 8d2 2025 mm 
• 8 d l 2025 mm 

0 . 0 0 
250 TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 ba r 

40 deg C 

bypass 

U S T W 

F i g . 459 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 2 



c l a d d i n g t e m p e r a t u r e 
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1207: flNS s t a n d a r d 
5 . 8 0 c m / s 
3 . 8 9 b a r 

40 deg C 

b l o c k a g e 

I M " 

F i g . mn FEB f l : 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 264 



c L a d d i n g t e m p e r a t u r e 

lOOCH TC I a x i a l L e v e l 

o 13d2 
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2025 mm 
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d e c a y h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

10 deg C 

b l o c k a g e 

F i g . mi FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST -No . 264 



c L a d d i n g t e m p e r a t u r e 

100CH TC I a x . l e v e l 
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f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 3 b a r 

40 deg C 

b y p a s s 

mm 

F i g . 462 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4. TEST-No. 264 



h e a t t r a n s f e r c o e f f . 
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f e e d w a t e r t e m p e r a t u r e 

120X flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

i i0 deg C 

b y p a s s 

F i g . 463 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 264 



c l a d d m g t e m p e r a t u r e 
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i 16g3 i 1825 mm 
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300 TIME 3 
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f e e d w a t e r t e m p e r a t u r e 

1207. HNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 3 b a r 

m deg C 

b l o c k a g e 

T M " 

F i g . 464 FEBf l : 5 x 5 ROD BUNDLE, TEST SERIES 4, T E S T - N o . 2614 



h e a t t r a n s f e r c o e f f , 

0.05-1 TC a x . L e v e l 

17h l 1925 mm 
A 16g3 1825 mm 
© 16g2 1725 mm 
Q I69I 1625 mm 

0 . 0 0 
2 5 0 T IME S 

decay h e a t 
f l o o d i ng r a t e (co Id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 ba r 

140 deg C 

b l o c k a g e 

T F T 

F i g . 465 FEBfl: 5x5 ROD BUNDLE, TEST SERIES I i , TEST-No. 26U 



g r i d s p a c e r t e m p e r a t u r e 
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120% RNS s t a n d a r d 
5 . 8 0 c m / s 
3 . 8 9 b a r 

40 deg C 

[ f S T K F 

F i g . U6S FEBR: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 26 



g r J d s p a c e r t e m p e r a t u r e 
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1207. HNS s t a n d a r d 
5 . 8 0 c m / s 
3 . 8 9 b a r 

m deg C 

F i g . 467 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4. TEST-No. 26U 



a x i a l l e v e l : 1825 mm 

decay h e a t 
f l o o d i no r a t e I C Q id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 8 0 c m / s 
3 . 8 9 b a r 

40 deg C 

b y p a s s 

JRB 

F i g . 1468 F E B f l : 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 26^4 



a x i a l l e v e l : 1825 mm 

decay h e a t 
f l o o d i n g r a t e (coId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207: flNS s t a n d a r d 
5 . 8 0 c m / s 
3 . 8 9 b a r 

40 deg C 

b l o c k a g e 

F i g . 469 F E B f l : 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 264 
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p r e s s u r e Loss 
a Long the t e s t s e c t i o n : 

decay h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

J l 

F i g . 471 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4 , 
Ires 

TEST-No 264 



c o o l a n t c o n d i t i o n s : 

decay h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 8 9 b a r 

40 deg C 

LKTRI" 

F i g . 1 4 7 2 FEBR: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 264 
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a x i a l p o s i t i o n o f the quench f r o n t 

a r e w e t t i n g o f the s l e e v e a t the b u n d l e mi dp l a n e 

x r e w e t t i n g of the r o d downst ream of the b l o c k a g e 

500 750 1000 TIME S 

decay hea t 
f l o o d i n g r a t e (co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 8 0 cm/s 
3 . 6 9 ba r 

40 deg C 

Wrkfl 

F i g . 473 FEBfl: 5x5 ROD BUNDLE 
TEST SERIES 4, TEST-No. 264 
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i n i t i a l a x i a l t e m p e r a t u r e p r o f i l e o f the c l a d d i n g 

OH 

500-

1000H 

1500H 

Lu 2000 
> 
LU 

CE 

x 2500 
C E 

3000H 

3500H 

WOO-
250 500 750 1000 TEMPERATURE DEG C 

decay h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 3 9 b a r 

HO deg C 

F i g . 47i4 F E B f l : 5x5 ROD BUNDLE 
j p e j q p p T p c j ! T F S T — N n ? R Q 



t e s t pa ramete rs . -

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 c m / s 
5 . 8 9 b a r 

40 deg C 

F i g . 1 1 7 5 FEBfl: 5x5 ROD BUNDLE. TEST SERIES UP TEST-No. 269 



c l a d d i n g t e m p e r a t u r e 

100CH TC I a x . l e v e l 

+ 18a4 1 3860 mm 
X 18a3 1 3315 mm 
Y 18a2 1 2770 mm 

1 8 a l I 2225 mm 
• 12bU I 1680 mm 

12b3 1 1135 mm 
© 12b2 i 590 mm 

Ol 

TIME S 

d e c a y b e a t 
f l o o d i n g r a t e (co id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 5 c m / s 
5 . 8 9 b a r 

40 deg C 

J C T R F " 

F i g . 1476 FEBR: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 269 



h e a t t r a n s f e r c o e f f . 

0.05H 

0 . 0 4 H 

TC a x . Leve I 

X 18a3 3315 mm 
Y 18a2 2770 mm 
K 1 8 a l 2225 mm 
• 12bli 1B80 mm 
A 12b3 1135 mm 

12b2 590 mm 

300 4 0 0 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

40 deg C 

F i g . 177 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 269 



c L a d d i n g t e m p e r a t u r e 

1 0 0 0 TC a x . l e v e l 

* 7 f 4 
A 7 f 3 
« 9h4 
n 9h3 

2125 mm 
2325 mm 
2225 mm 
2125 mm 

I 
Ol 

I 

200 TIME 3 

d e c a y n e a t 
f l o o d ing r a t e I C Q id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

40 deg C 

b y p a s s 

LKTHB" 

F i g . 1478 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 269 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC I a x . L e v e l 

0 . 0 0 

* 7fU I 2U25 mm 
A 7 f3 I 2325 mm 
o 9hU I 2225 mm 
n 9h3 I 2125 mm 

CO 

200 TIME S 

d e c a y hea t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 ba r 

U0 deg C 

b y p a s s 

M B 

F i g . 479 FEBfl: 5x5 ROD BUNDLE. TEST SERIES U, TEST-No. 269 



c L a d d i n g t e m p e r a t u r e 

l O O O i TC I a x . L e v e I 

«• 22 f 4 I 2425 mm 
& 2 2 f 3 I 2325 mm 
«> 17h4 I 2225 mm 
n 17h3 I 2125 mm 

Ol ro O 

2 0 0 T IME 5 

decay h e a t 
f l o o d i n g r a t e ( co id ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 c m / s 
5 . 8 9 b a r 

40 deg C 

b l o c k a g e 

-IF/1 
L E I R B " 

F i g . 480 FEBR: 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 269 



h e a t t r a n s f e r c o e f f . 

0 . 0 5 H TC I a x . L e v e l 

0 . 0 0 

* 2 2 f U I 2Ü25 mm 
A 2 2 f 3 I 2325 mm 
o 17hU I 2225 mm 
o 17h3 I 2125 mm 

2 0 0 TIME 3 

decay h e a t 
f l o o d i n g r a t e (coId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

40 deg C 

b l o c k a g e 

flyinVZ J F / l 
LNSTRB" 

F i g . UBl F E B f l : 5x5 ROD BUNDLE, TEST SERIES U, T E S T - N o . 269 



c l a d d i n g t e m p e r a t u r e 

l O O D i 

80QH 

L J 

LD 
ÜJ 
Q 
LU 
OZ 
13 
I— cx cc 
IsJ 
Q_ 

r— 

600A 

2 0 0 

TC a x . l e v e l 

* 9h2 I 2025 mm 
+ 8dU I 2025 mm 
& 8d3 i 2025 mm 
<5 8d2 i 2025 mm 
ts 8 d l I 2025 mm 

Ol ro ro 

200 T IHE 5 

decay h e a t 
f l o o d i n g r a t e ( co l d ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 Dar 

W deg C 

b y p a s s 

ife IkTRF 

F i g . 482 F E B f l : 5x5 ROD BUNDLE, TEST S E R I E S 4 , T E S T - N o . 269 



0 . 0 5 H 

Q.m-\ 

200 

h e a t t r a n s f e r c o e f f . 

TC I a x i a l l e v e l 

X 9h2 2025 mm 
A 8dU 2025 mm 
A 8d3 2025 mm 
© 8d2 2025 mm 
a 8 d l 2025 mm 

TIME S 

d e c a y h e a t 
f l o o d i n g r a t e (coId) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 c m / s 
5 . 8 9 b a r 

140 deg C 

bypass 

F i g . 1483 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 269 



c L a d d i n g t e m p e r a t u r e 

lOOOH 

800 

CD 
L ü 
Q 

L ü 
DZ 
Z2> 
!— 
CE 
OC 
LU 
Q_ 
2 : 
LU 

600H 

LiOOH 

200H 

TC ax. Leye I 

o 17h2 I 2025 mm 
n s L e e v e j 2025 mm 

TIME 5 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. FINS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

40 deg C 

b Lockage 

Uctrb" 

F i g . 484 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 2 



c l a d d i n g t e m p e r a t u r e 

100CH TC a x i a l l e v e l 

o I3d2 I 2025 mm 
n s l e e v e j 2025 mm 

200 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

U0 deg C 

b l o c k a g e 

ti&rm 

F i g . U85 FEBR: 5x5 ROD BUNDLE, TEST SERIES «1, TEST-No. 26 



c L a d d i n g t e m p e r a t u r e 

l O O O i 

8Q0H 

CJ 

CD 

a 
L J 
LY. 

CC 
CC 
UJ 
ü_ 
Si 
UJ 

6004 

U00 

2004 

TC a x . l e v e l 

«• 9 h l I 1925 mm 
A 19g3 I 1825 mm 
s 19g2 I 1725 ram 
a 1 9 g l I 1625 ram 

200 250 TIME S 

d e c a y h e a t 
f l o o d ing r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120?; flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

W deg C 

b y p a s s 

I i 
TH!" 

F i g . 488 FEBf l : 5x5 ROD BUNDLE, TEST SERIES 4 , T E S T - N o . 269 



h e a t t r a n s f e r c o e f f . 

0.054 

0 . 0 0 

TC I a x . L e v e l 

* 9 h l I 1925 mm 
* 19g3 j 1825 mm 
o 19g2 I 1725 mm 
o 19g l j 1625 mm 

01 
53 

250 TIME S 

d e c a y h e a t 
f l o o d i n g r a t e Ccold) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. HNS s t a n d a r d 
5 . 5 6 cm/s 
5 . 8 9 b a r 

40 deg C 

b y p a s s 

Si LhSTRB" 

F i g . 487 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 269 



c L a d d i n g t e m p e r a t u r e 

1 0 0 0 TC 

«• 17h l 
Ä 16g3 
o 16g2 
n l B g l 

a x . LeveL 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

Ol to 
00 

2 5 0 TIME S 

decay h e a t 
f l o o d ing r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120/. flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 Dar 

40 deg C 

b l o c k a g e 

F i g . 488 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 1, TEST-No. 269 



h e a t t r a n s f e r c o e f f . 

0.054 TC 

0 . 0 0 

* 17h l 
A 16g3 
o 1B92 
B I 6 9 I 

a x . L e v e l 

1925 mm 
1825 mm 
1725 mm 
1625 mm 

01 ro 
CD 

2 5 0 TIME 3 

decay h e a t 
f l o d d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120X FINS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

40 deg C 

b l o c k a g e 

F i g . 489 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 269 



g r i d s p a c e r t e m p e r a t u r e 

1000H 

800H 

u 

o 600-
lü 
cc 
ZD 
I— 
CE 

£ uoo 
D_ 
2 : 
l ü 

2004 

0-
- 5 0 0 

—0 

50 100 150 200 TIME S 

TC I a x i a l l e v e l 

o 87 2550 mm 

01 
CO o 

d e c a y h e a t 
f l o o d i n g r a t e fco Id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120X RMS s t a n d a r d 
5 . 8 8 cm/s 
5 . 8 9 b a r 

10 deg C 

1 Ä 
ws I k i m 

F i g . 490 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 269 



g r i d s p a c e r t e m p e r a t u r e 

10004 

8004 

H 6 0 0 
tu 
CLZ 

CC 

200 

-50 

TC 1 a x i a l l e v e l 

8U 1460 mm 

I 
S 
T 

so" 100 150 a a s time s 

d e c a y h e a t 
f l o o d i n g r a t e I co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120Z ms s t a n d a r d 
5.66 C J O / S 

5.8$ b a r 
40 deg C 

F i g . 491 FEBfl: 5x5 RGTJ BUNDLE, TEST SERIES 4, 
TFTE 

TEST-No 269 



a x i a l l e v e l : 1825 mm 

10004 A c l a d d i n g t e m p e r a t u r e U9g33 
© f l u i d t e m p e r a t u r e 

CO 
ro 

2 5 0 T IME S 

d e c a y h e a t 
f l o o d i n g r a t e Cco ld l 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

120% RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 3 oa r 

m deg C 

b y p a s s 

Ä 

F i g . 1 4 9 2 FEBfl: 5x5 ROD BUNDLE, TEST SERIES U, TEST-No. 269 



a x i a l l e v e l : 1825 mm 

1000 A c l a d d i n g t e m p e r a t u r e (16g3) 
o f l u i d t e m p e r a t u r e 

Ol 
CO 
CO 

TIME 3 

d e c a y h e a t 
f l o o d i n g r a t e ( c o l d ! 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 ba r 

40 deg C 

b l o c k a g e 

WmWL im 

F i g . 1493 FEB f l : 5x5 ROD BUNDLE, TEST SERIES 14p T E S T - N o . 269 



a x i a l L e v e l : 1725 mm 

1000 A c l a d d i n g t e m p e r a t u r e (19g2) 
a f l u i d t e m p e r a t u r e 
B h o u s i n g t e m p e r a t u r e 

Ol 
CO 

250 TIME 5 

d e c a y h e a t 
f l o o d i n g r a t e Ceo Id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 5 6 c m / s 
5 . 8 9 b a r 

m deg C 

b y p a s s 

iKylkrRi 

F i g . 1494 FEBfl: 5x5 ROD BUNDLE, TEST SERIES 4, TEST-No. 269 



p r e s s u r e Loss 
a l o n g t h e t e s t s e c t i o n : 

d e c a y h e a t 
f l o o d i n g r a t e (co Id) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. ANS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 b a r 

m deg C 

F i g . 495 FEBfl: 5 x 5 ROD BUNDLE, TEST SERIES 14. 
rm 

TEST-No 269 



c o o l a n t cond i t i o n s : 

d e c a y h e a t 
f l o o d i n g r a t e ( co ld ] 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. flNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 bar 

40 deg C 

F i g . U96 FEBfl: 5x5 ROD BUNDLE. TEST SERIES 4, TEST-No. 269 



a x i a l p o s i t i o n of the quench f r o n t 

a r e w e t t i n g o f the s l e e v e a t the bund le m i d p l a n e 

x r e w e t t i n g o f the rod downs t ream of the b l o c k a g e 

500H 

140004 , , , r— 
0 2 5 0 5 0 0 750 1000 TIME S 

decay hea t 
f l o o d i n g r a t e ( co ld ) 
s y s t e m p r e s s u r e 
f e e d w a t e r t e m p e r a t u r e 

1207. RNS s t a n d a r d 
5 . 6 6 cm/s 
5 . 8 9 ba r 

10 deg C 

F i 9 . 497 F E B f l i 5x5 ROD BUNDLE 
TEST S E R I E S 4 P T E S T - N o . 269 
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TEST SERIES IV 

Investigation of the E f f e c t s of a 62% Flow Blockage With Bypass, 
Blockage at the Bundle Midplane of 3x3 Rods Placed i n the Corner 
of the 5x5 Rod Bundle, 
Without Grid Spacer at the Bundle Midplane 

Channel L i s t i n g and Data I d e n t i f i c a t i o n for Test No. 261 Through 273 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

1 Cladding Temperature 18a4 3860 1 °C 
2 Cladding Temperature 18a3 3315 °C 
3 Cladding Temperature 18a2 2770 °C 
4 Cladding Temperature 18al 2225 °c 

5 Cladding Temperature 12b4 1680 °C 
6 Cladding Temperature 12b3 1135 °C 
7 Cladding Temperature 12b2 590 °c 

8 Cladding Temperature 12bl 45 °c 

9 Cladding Temperature 17h4 2225 °C 
10 Cladding Temperature 17h3 2125 °c 

11 Cladding Temperature 17h2 2025 °C 
12 Cladding Temperature 17hl 1925 °c 

13 F l u i d Temperature TF 2 3315 °C 
14 F l u i d Temperature TF 2 2380 °C 
15 F l u i d Temperature TF 2 1725 °C 
16 F l u i d Temperature TF 2 485 °c 

17 Housing Temperature TK" 3315 °C 
18 Housing Temperature TK 2235 °C 
19 Housing Temperature TK 1725 °C 
20 Housing Temperature TK 590 °C 
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TEST SERIES IV 

Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

21 F l u i d Temperature Lower Plenum °c 
22 Water Level Detector 4012 °C Heated + Unheated TC's 
23 Feedwater Temperature °C 
24 F l u i d Temperature Upper Plenum °C 
25 Room Temperature °C 

26 Cladding Temperature 22f4.2425* °C 
27 Cladding Temperature 22f3.2325 °C 
28 Cladding Temperature 22f2.2225 °C 
29 Cladding Temperature 22f1.2125 °C 

30 Cladding Temperature 21e4.2225 °C 
31 Cladding Temperature 21e3.2175 °C 
32 Cladding Temperature 21e2.2125 °C 
33 Cladding Temperature 21el.2075 °c 

34 Cladding Temperature 19g4.1925 °C 
35 Cladding Temperature 19g3.1825 °C 
36 Cladding Temperature 19g2.1725 °C 
37 Cladding Temperature 19gl.1625 °C 

38 Cladding Temperature 16g4.1925 °C 
39 Cladding Temperature 16g3.1825 °c 
40 Cladding Temperature 16gl.1625 °c 
41 Cladding Temperature 16g2.1725 °C 

42 Cladding Temperature 15a4.3860 °C 
43 Cladding Temperature 15a3.3315 °C 
44 Cladding Temperature 15a2.2770 °c 
45 Cladding Temperature 15al.2225 °C 

46 Cladding Temperature 14e4.2225 °c 
47 Cladding Temperature 14e3.2175 °c 
48 Cladding Temperature 14e2.2125 °c 
49 Cladding Temperature 14el.2075 °c 



50 
51 
52 

53 
54 
55 
56 

57 
58 
59 
60 

61 
62 
63 
64 

65 
66 
67 
68 

69 
70 
71 
72 

73 
74 
75 
76 
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iS IV 

Type 
Data I d e n t i f i c a t i o n 

Location 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

13d3.20251 

13d2.2025 
13dl.2025 

Cladding Temperature 
Cladding Temperature 
Cladding Temperature 
Cladding Temperature 

10f4.2425 
10f3.2325 
10f2.2225 
lOf1.2125 

Cladding Temperature 9h4.2225 
Cladding Temperature 9h3.2125 
Cladding Temperature 9h2.2025 
Cladding Temperature 9M.1925 

Cladding Temperature 8d4.2025 
Cladding Temperature 8d3.2025 
Cladding Temperature 8d2.2025 
Cladding Temperature 8dl.2025 

Unit 

°C 
°C 

°c 

°C 
°C 

Remarks 

°C 
°C 
°C 
°C 

Cladding Temperature 7f4.2425 
Cladding Temperature 7f3.2325 
Cladding Temperature 7f2.2225 
Cladding Temperature 7f1.2125 

UC 
°C 
°C 

Sleeve Temperature 
Sleeve Temperature 
Sleeve Temperature 

TH 5 

TH 
TH 

13.2025 
17.2025 
21.2025 

UC 
°C 
°C TC F a i l e d 

Open 

Cladding Temperature 3b4.1680 
Cladding Temperature 3b3.1135 
Cladding Temperature 3b2. 590 
Cladding Temperature 3bl. 45 
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Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

77 Grid Temperature TA 6 1460 °C 
78 Grid Temperature TA 7 1460 °C TC F a i l e d After Test 267 
79 Grid Temperature TA 6 2550 °C TC F a i l e d After Test 268 
80 Grid Temperature TA 7 2550 °C 

81 E l e c t r i c a l Power Input 8 Rods kW Rods No. 1 Through 8 
82 E l e c t r i c a l Power Input 8 Rods kW Rods No. 9 Through 16 
83 E l e c t r i c a l Power Input 9 Rods kW Rods No. 17 Through 25 

84 Housing Temperature TK 4 3915 °C 
85 Housing Temperature TK 3564 °C 

86 Cladding Temperature 2c4 .40251 °C 
87 Cladding Temperature 2c3 3925 °C 
88 Cladding Temperature 2c2 3825 °C 
89 Cladding Temperature 2cl 3725 °C 

90 Cladding Temperature 24c4 4025 °C 
91 Cladding Temperature 24c3 3925 °C 
92 Cladding Temperature 24c2 3825 °C 
93 Cladding Temperature 24cl 3725 °C 

94 Cladding Temperature 20d4 2025 °C 
95 Cladding Temperature 20d3 2025 °C 
96 Cladding Temperature 20d2 2025 °C 
97 Cladding Temperature 20dl 2025 °C 

98 F l u i d Temperature TF 2 3038 °C 
99 F l u i d Temperature TF 2 2770 °C 
100 F l u i d Temperature TF 3 2245 °C 
101 F l u i d Temperature TF 2 2210 °c 
102 F l u i d Temperature TF 3 2045 °c 
103 F l u i d Temperature TF 2 1825 °c 
104 F l u i d Temperature TF 3 1825 °c 
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Channel Data I d e n t i f i c a t i o n Unit Remarks 
No. Type Location 

105 F l u i d Temperature TF 2 2770 °C TC of 0.5 mm Diameter 

106 F l u i d Temperature TF 2 2770 °C TC of 1.0 mm Diameter 

107 F l u i d Temperature TF 2 3038 °C TC of 0.5 mm Diameter 

108 F l u i d Temperature TF 2 3315 °C TC of 0.5 mm Diameter 

109 F l u i d Temperature TF 2 3315 °C TC of 1.0 mm Diameter 

110 Time (10 Scans/s) s t = 0: Start of Reflooding 

111 Pressure i n Lower Plenum 4091 bar 
112 Pressure i n Upper Plenum -105 bar 
113 Pressure i n Buffer bar 

114 Bundle Power kW Channels: 81 + 8 2 + 8 3 

115 Flooding V e l o c i t y (cold) cm/s 

116 Water Carry Over Collected kg Downstream of Bundle E x i t 

117 Pressure D i f f . 1835 and -105 mm bar 
118 Measured 2380 and 1835 mm bar 
119 Between 4091 and 2380 mm bar 
120 A x i a l Level 4091 and -105 mm bar Values Measured Separately 

1) TC's of 0.5 mm diameter embedded i n rod cladding. Measuring p o s i t i o n : 
Example: rod No. = 18, type of rod instrumention = a, TC No. = 4, 
a x i a l l e v e l = 3860 mm, referenced to the top flange of the bundle. 

2) TF = TC's of 0.25 mm diameter (bare). 
TC's placed i n subchannel surrounded by rods No. 12, 17, 16 and 11. 

3) TF = TC's of 0.25 mm diameter (bare). 
TC's placed i n subchannel surrounded by rods No. 15, 20, 19 and 14. 

4) TK = TC's of 0.5 mm diameter placed i n the wall of the bundle housing of 
of 6.5 mm thickness. 
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5) TH = TC's of 0.5 mm diameter embedded i n sleeve. Measuring p o s i t i o n : 
Example: rod No. 13, a x i a l l e v e l = 2025 mm. 

6) TA = TC's of 0.5 mm diameter placed at the g r i d spacer i n subchannel 
surrounded by housing and rods No. 21 and 22. 

7) TA = TC's of 0.5 mm diameter placed at the g r i d spacer i n subchannel 
surrounded by housing and rods No. 4 and 5. 




