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SODIUM NATURAL C O N V E C T I O N  TESTING IN THE THERMAL-HYDRAULIC 
OUT-OF-REACTOR SAFETY (THORS) FACILITY 

. 3.  L. Wantland R. J .  Ribando 

ABSTRACT 

A comparison i s  made between experimental data-and analytical  resu l t s  
fo r  a single-phase natural convection t e s t  in an  experimental sodium loop. 
The t e s t  was conducted i n  the Thermal-Hydraul i c  Out-of-Reactor Safety 
(THORS) f a c i l i t y ,  an  engineering-scale h i g h  temperature sodium loop a t  
the Oak Ridge National Laboratory ( O R N L ) ,  used for  thermal-hydraul i c  tes t ing 
o f  simul ated Liquid Metal Fast Breeder Reactor ( L M F B R )  subasseinbl ies  a t  
normal a n d  off;normal operating conditions. Electrical  heating in the 19-pin 
assembly during the t e s t  was typical of decay heat levels .  
f o r  analysis i n  t h i s  paper was one of seven natural convection runs con- 
ducted i n  the f a c i l i t y .  
a paral le l  heated assembly and the t e s t  was begun with a pump coastdown 
from a small i n i t i a l  forced flow. The computer program used to  analyze 
the tes t ,  LONAC ( L O W  flow and - NAtural Convection), i s  a n  ORNL-developed, 
f a s t  running oneqinlensional single-phase, f i n i  te-difference model used 
fo r  simulating forced and f ree  convection t ransients  in the THORS loop. 

The t e s t  chosen 

I n  t h i s  t e s t  the bypass l i n e  was open t o  simLtlate 

Reasonably good agreement was obtained between experimental ly- 
measured and LONAC-predicted temperatures, demonstrating the a b i l i t y  of 
a simplified computer code to  model the THORS loop. 
f a c i l i t y  was designed a decade ago with no intent  t o  determine detailed 
'loop temperature meqsurements required fo r  tes t ing under natural convection 
conditons. 
future  t e s t s  under natural convection conditions and in code improvements 
f o r  simulating long t rans ien ts .  

The next configuration to  be tested i n  the THORS f a c i l i t y ,  designated 
a s  the Shutdown Heat Removal System (SHRS) Assembly 1 ,  w i l l  c o n s i s t  of two 
19-pin bundles in pa ra l l e l ,  an upper plenum t a n k ,  and a sodium-to-sodiuru 
intermediate heat exchanger. Loop .instrumentation will be extensive and  
the thermal charac te r i s t ics  o f  loop components will be known. Necessary 
modifications t o  LONAC will be made including a more detailed model of 
the upper plenum t a n k .  Forced convection and thermal convection tes t ing 
will be conducted with both single-phase and two-phase (boi l ing)  flow. 

The experimental 

I n s i g h t s  have been obtained which will be u t i l i zed  in planning 

r , -  .. " . .. .. ,,. , - "  . .  . . , .. . - .. . . . . . . .. . 
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INTRODUCTION 

The Thermal-Hydraul i c  Out-of -Reactor  S a f e t y  (THORS) f a c i l i t y  a t  the  Oak 
Ridge N a t i o n a l  Labora to ry  (ORNL) i s  an eng ineer ing -sca le  fo rced-convec t ion  
sodium l o o p  (40 R/S, 2MW) i n  which s imu la ted  ( e l e c t r i c a l l y  heated) LMFBR 
f u e l  subassembl i e s  a r e  t e s t e d  a t  normal and o f f -normal  o p e r a t i n g  c o n d i t i o n s .  
The f a c i l i t y ,  which has been i n  o p e r a t i o n  f o r  over  t e n  years ,  was o r i g i n a l l y  
des igna ted  as the  Fuel F a i l u r e  Mockup (FFM) f a c i l i t y  and was in tended f o r  
s t e a d y - s t a t e  s ing le-phase bundle t e s t i n g .  I n i t i a l  t e s t i n g  was done on 
r e l a t i v e l y  s h o r t  (460 t o  610 nun-length) 19-p in  bundles a t  c o n d i t i o n s  char -  
a c t e r i s t i c  of  r e a c t o r  f l o w  and power, and w i t h  v a r i o u s  i n l e t  and heated-zone 
b lockages.  For  t h e  p a s t  f i v e  yea rs  sodium b o i l i n g  t e s t s  have been conducted 
w i t h  v a r i o u s  l o o p  m o d i f i c a t i o n s  made t o  p r o v i d e  dynamic s i m u l a t i o n  of  bundle 
c o n d i t i o n s  f o r  t r a n s i e n t  t e s t i n g .  However the  f a c i l i t y  was in tended f o r  
bund le  t e s t i n g  o n l y  and t h e  l o o p  was n e i t h e r  designed no r  ins t rumented t o  
o b t a i n  da ta  i n  the  loop components ( p u m p ,  heat  exchanger, e t c . ) .  
was a 1 9 - p i n  bundle f a b r i c a t e d  f o r  b o i l i n g  t e s t s .  
c o n f i g u r a t i o n  as a f u e l  subassembly i n  the  Fas t  F lux  F a c i l i t y  (FFTF). I n  
t h e  t e s t  program f o r  Bundle 6, seven s ing le-phase f ree -convec t i on  t e s t s  
were conducted. 

Bundle 5 
T h i s  bundle had the  same 

THORS FACILITY 

An i s o m e t r i c  drawing o f  t h e  p r imary  p i p i n g  and major  components o f  
t h e  THORS f a c i l i t y  as they  were a t  t h e  t i m e  of t h i s  t e s t i n g  i s  shown i n  
F ig .  1. Forced f l o w  i s  p rov ided  by a var iab le -speed v e r t i c a l - s h a f t  cen t -  
r i f u g a l  pump capable o f  d e l i v e r i n g  40 E/S sodium a t  a p ressure  d i f f e r e n c e  
of 960 kPa. Flow f r o m  the  pump was d i v i d e d  i n t o  two f l o w  paths,  one 
th rough  t h e  t e s t  bundle and one th rough a bypass l i n e  which s imu la tes  t h e  
h y d r a u l i c s  o f  f l o w  th rough a subassembly i n  p a r a l l e l  w i t h  t h e  t e s t  bundle.  
Flows f rom t h e  t e s t  bundle and t h e  bypass l i n e  mix  i n  an expansion tank  
s i m u l a t i n g  t h e  sodium plenum above t h e  r e a c t o r  core .  The expansion tank 
a l s o  serves t o  mix  h o t  sodium f rom t h e  t e s t  bundle and r e l a t i v e l y  c o l d  
sodium f rom the  bypass l i n e  so t h a t  t h e  remainder o f  t he  l o o p  i s  n o t  
sub jec ted  t o  excess ive  sodium temperatures.  The expansion tank  con ta ins  
argon cover  gas which s imu la tes  t h e  r e a c t o r  vessel  cover  gas volume. The 
c e n t r i f u g a l  pump a l s o  has a f r e e  su r face  w i t h  an argon cover gas volume. 
The pressure  o f  t h e  pump cover  gas i s  no rma l l y  r e g u l a t e d  a t  a f i x e d  r a t e  
Of 34 kPa above atmospher ic  p ressure .  The sodium l e v e l s  i n  bo th  t h e  
expansion tank  and t h e  c e n t r i f u g a l  pump bowl must n o t  exceed p r e s c r i b e d  
maximum and minimum va lues  p l a c i n g  some c o n s t r a i n t  on the  s e v e r i t y  of  
t r a n s i e n t  t e s t s  run.  The pressure  o f  t h e  cover  gas above t h e  f r e e  
su r face  o f  t h e  expansion tank  may e i t h e r  be f i x e d  a t  t h e  same va lue  as 
t h a t  o f  t h e  pump bowl cover  gas by  opening t h e  cover  gas e q u a l i z i n g  
v a l u e  (HV-256, F ig .  1) o r  a l l owed  t o  " f l o a t "  ("256 c losed) .  
s e c t i o n  i n l e t  v a l v e  c o u l d  be a d j u s t e d  t o  s imu la te  the  pressure  drop of  
t h e  r e a c t o r  i n l e t  f l o w  paths,  and t h e  bypass l i n e  had a c o n t r o l  v a l v e  
which c o u l d  be ad jus ted  t o  c o n t r o l  t h e  r a t i o  of t he  bypass f low t o  the  
t e s t  s e c t i o n  f l o w .  The r a t i o  of  t h e  bypass l i n e  c r o s s - s e c t i o n a l  area 
t o  t h a t  o f  t h e  t e s t  s e c t i o n  was a p p r o x i m t e l y  13 t o  1 .. 

The t e s t  
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Autoiliatic control o f  power drid puinp speed were provided so t h a t  
prescribed a n d  reproductible flow and/or power t ransients  could be 
performed. Pressure transducers, flow meters and  27 pipe-wall therino- 
couples (strapped t o  the loop piping) were ins ta l led  t o  measure system 
operating parameters. Electrical  t race heaters were instal  led on a1  1 
system l ines .  (which were also insulated) t o  preheat the system pr ior  
t o  f i l l i n g  and t o  miniinize loop heat losses during operation. A com- 
p le te  description of the f a c i l i t y  configuration and bundle for t h i s  
testing i s  given in reference 1 .  

BUNDLE DESCRIPTION 

The t e s t  section used f o r  this tes t ing  was designated a s  THORS 
Bundle 61. 
subassemblies the  Fast F l u x  Test Fac i l i ty  ( F F T F ) .  The e l e c t r i c a l l y  
heated pins were 5.84 mrn in diameter spaced by 1.42-mm-diam helical  
wire-wrap spacers on a 305-mm helical pitch.  
peripheral pins a n d  the hexagonal container was 0.71 m m ,  one-half the 
nominal p i n - t o - p i n  spacing. This configuration vias used t o  f l a t t e n  
the sodiirin temperature across the bundle. 
simulation of the central region of a fu l l  reactor subassembly, block 
thermal insulation surrounded the bundle hexagonal container.  During 
p r io r  operation, a leak had developed in the insulating containment 
and sodium had permeated the porous insulation. An estimate was made 
of the thermal properties of t he  sodium-permeated insulation and  these 
values were used in analyses of t h i s  t e s t .  

I t  was a 19-pin bundle of the same configuration as fuel 

The g a p  between the 

I n  order t o  give a be t te r  

The heated length of Bundle 6 was 914 mrn. A variable-pitch helical 
heater w i n d i n g  was used t o  produce a 1.3 peak-to-mean axial chopped- 
cosine power d is t r ibu t ion .  
a nickel r e f l ec to r  and  a simulated f i ss ion  gas plenum which had the same 
lengths and thermal properties as  those of an FFTF fuel subassembly. 

Both the heated length and the simulated f i ss ion  gas plenum were 
instrumented w i t h  wire-wrap thermocouples (magnesium oxide insulated 
chrome1 -alumel junctions i n s i d e  the wire wraps) and duct-wall thermo- 
couples (sheathed chrornel-alumel thermocouples inserted in to  holes 
bored to  within 0.10-0.20 mm of the inside surface o f  the hexagonal 
bundle container) .  I n  addition the heated section was instrumented 
w i t h  "heater-internal" thermocouples (chrome1 -alumel junctions spot- 
welded to  the inner surface of the heater sheath).  
t es t ing  there were 33 wire-wrap, 45 duct-wall a n d  43 heater-internal 
thermocouples operating re l iab ly  in the bundle. All  bundle thermo- 
couples and pertinent loop instrumentation were recorded on iiiagnetic 
tape during tes t ing  using a f a  t-response Data Acquisition System (DAS)  

Downstream of the heated length,  there was 

A t  the time of t h i s  

control led by PDP-8E computer. 3 
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TEST PROCEDURE 
3 Seven n a t u r a l  convec t i on  t e s t s  were run .  The t e s t  h e r e i n  desc r ibed  

I t  was t h e  o n l y  n a t u r a l  convec t i on  t e s t  i n  which was des igna ted  T e s t  39. 
t h e  bypass l i n e  v a l v e  was open t o  s i m u l a t e  hydrodynamica l l y  a bundle i n  
p a r a l l e l  w i t h  t h e  t e s t  bundle.  Due t o  t h e  p a r a l l e l  theririal convec t i on  
f l o w  paths,  i t  was t h e  most p r o t o t y p i c  t e s t  and was t h e  most d i f f i c u l t  
t o  ana lyze .  T h i s  t e s t  i s  desc r ibed  i n  d e t a i l  i n  re fe rence  4. 

Dur ing  p r e l i m i n a r y  t e s t i n g ,  l o o p  t r a c e  hea te r  s e t t i n g s  were d e t e r -  
mined f o r  minimum l o o p  hea t  l o s s e s  i n  t h e  temperature range o f  i n t e r e s t .  
The a p p r o p r i a t e  s e t t i n g s  were used f o r  t h e  thermal convec t i on  t e s t s .  
P r i o r  t o  runn ing  Tes t  39, t h e  v a l v e  i n  t h e  bypass l i n e  was p o s i t i o n e d  
a t  a s e t t i n g  which was thought  t o  g i v e  approx ima te l y  equal p ressu re  
drops  i n  t h e  t e s t  sec t i o r l  and bypass l i n e  for- equal f l o w s .  Trie pressure  
l o s s  c o e f f i c i e n t  f o r  t h i s  v a l v e  s e t t i n g  had been p r e v i o u s l y  measured a t  
h i g h e r  f lows b u t  t h e  e x i s t i n g  f l o w  meters  were n o t  s u f f i c i e n t l y  s e n s i t i v e  
t o  make t h i s  measurement i n  t h e  thermal convec t i on  f l o w  range. The t e s t -  
s e c t i o n  i n l c t  v a l v e  v!as s e t  f u l l y  open. The pump speed was ad.j2s%c-d t o  
g i v e  a t e s t  s e c t i o n  f l o w  o f  appi-oxi inately 0.13 i / s ,  t h e  bundle power was 
s e t  a t  7.3 kW t o t a l ,  and t h e  t r a c e  hea te rs  on t h e  bypass l i n e  were s e t  
a t  t h e i r  maximum o u t p u t  ( 6 . 6  kld) t o  s i m u l a t e  a p a r a l l e l  heated subassembly. 
A f t e r  bundle and l o o p  temperatures had e q u i l i b r a t e d ,  t h e  pump was tu rned  
of f  and t h e  cover  gas e q u a l i z a t i o n  va l ve ,  HV-256, was opened t o  beg in  th?  
t e s t .  Data were reccrded f o r  app rox ima te l y  two hours. Usefu l  da ta  con- 
s i s t e d  p r i i i i a r i l y  o f  bundle and l o o p  temperatures.  
and p ressu re  t ransducers.  were n o t  s u f f i c i e n t l y  accu ra te  i n  t h e  thermal 
c o n v e c t i o n  range t o  be u s e f u l .  

E x i s t i n g  f l o w  nieters 

METHOD OF ANALYSIS 

THORS Bundle 6 n a t u r a l - c o n v e c t i o n  t e s t s  were anal.yzed u s i n g  LONAC 
(LOW f l o w  and I t u r a l  Convection), a one-dinensional  t r a n s i e n t ,  
s z g l e - p h a s e ,  f i n i t e  dT f fe rence  r e p r e s e n t a t i o n  o f  t h e  equat ions  of 
conse rva t i on  of mass, energy, and momentum. LONAC i s  desc r ibed  i n  
d e t a i l  i n  re fe rence 5. I n c l u s i o n  o f  s t r u c t u r a l  thermal i n e r t i a  arid 
of a reasonab ly  w e l l  d e t a i l e d  model f o r  t h e  sodium-permeated i n s u l a t i o n  
around t h e  t e s t  bundle was found t o  be e s s e n t i a l  f o r  accu ra te  a n a l y t i c a l  
model ing.  The hea t  s i n k  r e s u l t i n g  f rom t h e  sodium permeated i n s u l a t i o n  
had t o  be c a r e f u l l y  modeled due t o  i t s  c l o s e  p r o x i m i t y  t o  t h e  p i n  bundle.  
Other  s t r u c t u r a l  components such as p i p i n g ,  t h e  pump, expansion tank  and 
t h e  h e a t  exchanger were t h e r m a l l y  modeled as s i n g l e  nodes i n  i n t i m a t e  
c o n t a c t  w i t h  t h e  ad jacen t  sodium node. 

The l o o p - a n d  bundle a r e  d i v i d e d  i n t o  36 energy nodes, 34 of which 
a r e  of f i x e d  volume. The o t h e r  two r e p r e s e n t  t h e  sodium i n  t h e  expan- 
s i o n  tank  and t h e  sodium i n  t h e  pump bowl. The sodiutii l e v e l s  i n  these 
two nodes a r e  c a l c u l a t e d  by t h e  code. A f i ve-node f u e l  p i n  r a d i a l  heat 
conduc t ion  model f o r  the  i n s u l a t i o n  sur round ing  t h e  t e s t  bundle and i t s  
con ta inment  i s  coupled t o  t h e  t e s t  s e c t i o n  a x i a ?  nodes. Other than i n  
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the t e s t  section, piping and otticr coiiiporierits were assuirred to  be a t  t t ~ c  
same temperature a s  the contiguous sodiuni. Whereas pipe heat capacity 
is l e s s  t h a n  half t h a t  of the contained sodium for the large pipes used 
i n  a f u l l  scale reac torY6 pipe heat capacity ranges frorii 80 t o  120? of 
the sodium in the small diameter pipes in the THORS loop. The estimated 
or calculated masses of other loop components which were included in the 
thermal analysis  were: heat exchanger ( b u t  n o t  i t s  support s t ruc ture)  , 
279 k g ;  expansion t a n k ,  261 k g ;  top a n d  bottoiii flanges o f  t e s t  section, 
45 kg; and pump (impeller and bowl only) ,  241 kg.  

The momentum e uations are  s e t  u p  using the momentum integral  method 
discussed by Meyer.7 Momentum nodes a re  s e t  u p  in a staggered arrangement 
so t ha t  mass flows are  computed a t  the edges o f  the mass/energy nodes 
ra ther  than a t  t h e i r  centers where thermodynamic properties (density and  
energy) a re  defined. Frictional losses ,  thermal heads, e t c . ,  are  computed 
local ly  a t  each mornentux node. Since t h e  flop! th rough a l i n ?  a t  zny 
point niay be expressed in terms of the f l o w  a t  the i n l e t  t o  t h a t  l ine  plus 
a correction because of thermal expansion o r  contraction u p  t o  t h a t  p o i n t ,  
i t  i s  possible t o  combine the momentum equations for  a se r ies  of  nodes 
in to  one equation f o r  the whole s t r ing .  llith the bypass l i ne  open, f o Q r  
separate mc~enttim eq:iations rzsu l  t :  ctie i o i -  t h e  ; ; ; d i n  1 irie fi-o!i: the  piiiii;, 
t o  the t ee ,  one fo r  the bypass  l i n e  from the tee  t o  the expansion t a n k ,  
one f o r  the tes t -sect ion l ine  from the tee t o  the expansion t a n k ,  and  one 
f o r  the main l i ne  frorn the expansion t a n k  back t h r o u g h  the heat exchanger 
to  the pump bowl. 
nate the pressure a t  the tee .  
flow red is t r ibu t ion  because of d i f fe ren t  thermal heads in the bypass a n d  
the t e s t  section. 
t i o n  f r i c t i o n  fac tors  i n  the pin bundle. 
of the pump was assumed t o  be negligible.  

These equations are algebraically manipulated t o  eiirni- 

Data of Engel, e t  a1.8 were used for  laminar and  t rans i -  

The technique provides for  t h e  t rans$ent  

The stopped-rotor pressure d r o p  

COMPARISON OF EXPERIMENTAL AND A N A L Y T I C A L  RESULTS 

Experimental a n d  anal ytical  temperatures have been compared for  R u n  
39 a t  twelve locations a r o h d  the loop designated by circled numbers in 
F i g .  1 :  

1. 
2. 
3. 

4. 
5. 
6 .  
7. 
8. 
9. 

10. 
11. 
12. 

0.53 m into the 0.91 rn t2st -sect ion heated length, 
Downstream end of the tes t -sect ion heated length, 
In  the simulated f i ss ion  gas plenum 1.35 m downstream 
f r om the beginning of the tes t -sect ion heated length, 
Test section ou t l e t ,  
Expansion t a n k  ou t l e t ,  
Heat dump i n l e t ,  
Heat dump ou t l e t ,  
Pump ou t l e t ,  
F i l t e r  ou t l e t ,  
Test section i n l e t ,  
Bypass l i ne  i n l e t ,  
Bypass l ine  out le t .  

These comparisons are  shown in Figs. 2 through 5. LONAC overprcdicted the 
temperatures within the ticated section (location 1 )  and a t  the end o f  the 
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Fig .  2 .  Comparison of experimental temperatures with those calculated 
by LONAC a t  locations 1 th rough 3 as designated in Fig. 1 ,  
THORS Bundle 6 ,  n a t u r a l  convection Test 39. 
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F i g .  3 .  Comparison o f  experimental teniperatures with those calculated 
by LONAC a t  locations 4 t h r o u g h  G as d e s i g n a t e d  i n  F i g .  1,  
THORS Bund le  6 ,  natural convection Test 39. 
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heaged s e c t i o n  ( l o c a t i o n  2 ) .  
462 C a t  690 seconds vs t h e  448'C.observed i n  t h e  loop a t  about 690 seconds. 
A t  a r e p r e s e n t a t i v e  p o i n t  i n  t h e  s imu la ted  f i s s i o n  gas plenum ( l o c a t i o n  3 )  
t h e  comparison i s  somewhat b e t t e r .  A t  l o c a t i o n  4, which i s  coiiinionly 
r e f e r r e d  t o  as t h e  " t e s t  s e c t i o n  o u t l e t "  b u t  i s  a c t u a l l y  much c l o s e r  t o  
t h e  expansion tank  i n l e t ,  t h e  p r o t o t y p e  i s  seen t o  respond more s l u g g i s h l y  
t h a n  t h e  s i rnu la t i on .  
p r i n c i p a l l y  t h e  f l o w  meter,  was n o t  i n c l u d e d  i n  t h i s  s i m u l a t i o n  and cou ld  
account f o r  t h e  d i f f e r e n c e .  

The peak temperature p r e d i c t e d  by  LONAC was 

The heat  c a p a c i t y  o f  some hardware i n  t h i s  area, 

A t  t h e  n e x t  l o c a t i o n  ( 5 ,  expansion tank  o u t l e t )  LONAC f i r s t  over -  
p r e d i c t s  and a f t e r  about 3000 seconds underp red ic t s .  I t  i s  h i g h l y  l i k e l y  
t h a t  t h e  d i sc repancy  i s  caused by t h e  f a c t  t h a t  t h e  f l u i d  i n  t h e  expansion 
t a n k  i s  t h e r m a l l y  s t r a t i f i e d ,  w h i l e  i n  t h e  one node LONAC r e p r e s e n t a t i o n ,  
i t  i s  assumed t o  be wel l -mixed. For  t h i s  reason t h e  LONAC expansion tank  
o u t l e t  va lue  i s  r e p r e s e n t a t i v e  o f  t h e  niean r a t h e r  than of  t he  te i i iperat i i rs  
a t  t h e  bo t tom o f  t h e  tank .  The c h a r a c t e r i s t i c  thermal d i f f u s i o n  t ime  
computed f o r  a l a y e r  o f  sodium of a th i ckness  equal t o  t h a t  of t h e  f ree  
sur face  h e i g h t  i n  t h e  expansion tank  i s  about 900 seconds. Th is  i s  app rox i -  
m a t e l y  t h e  same as t h e  t i m e  i t  w o u l d  t a k e  t o  f l u s h  the  expansion tank  
sodium i n v e n t o r y  u s i n g  the coixpuxed t e s t  s e c t i o n  an6  bypass 1 i n e  f i~ ' ; . i~ .  
T h i s  suggests t h a t  i n s u f f i c i e n t  t i m e  f o r  thermal e q u i l i b r a t i o n  occurs and 
t h a t  h o t  f l u i d  i s  added t o  t h e  t o p  w h i l e  c o l d  f l u i d  (whose temperature i s  
be ing  measured) i s  drawn o f f  t h e  bottom. 
t h e  low LONAC p r e d i c t i o n  i s  p robab ly  due t o  t h e  bypass f l o w  be ing  l a r g e r  
(hence c o l  d e r )  than i ntended. 

For t imes g r e a t e r  than 3000 seconds, 

L o c a t i o n  6 has been.chosen some d i s t a n c e  upstream from t h e  heat  exchanger 
because t h e  thermocouple j u s t  a t  t h e  i n l e t  r e f l e c t s  t h e  l a r g e  l o s s e s  i n  t h e  
hea t  exchanger and i t s  v i c i n i t y  r a t h e r  than be ing  r e p r e s e n t a t i v e  o f  t he  
incoming f l u i d ,  t h a t  i s ,  t h e  l osses  a t  t he  heat exchanger a r e  r e a i l y  n o t  con- 
f i n e d  t o  t h e  hea t  exchanger i t s e l f  w h i l e  i n  the  LONAC s i m u l a t i o n  t h e y  a r e .  
W i t h  t h i s  p r o v i s o  t h e  LONAC r e s u l t s  a r e  reasonable a l though  t h e  e f f e c t  of 
t h e  s t r a t i f i c a t i o n  i n  t h e  expansion tank  i s  s t i l l  apparent.  

Temperatures a t  l o c a t i o n s  7, 8, 9, and 10 ( F i g s .  4 and 5) show reason- 
a b l e  agreement a l t h o u g h  i t  shou ld  be emphasized t h s t  t r a c e  hea t  i n  the  c o l d  
l e g  of t h e  l o o p  was s e t  t o  a t tempt  t o  m a i n t a i n  320 C temperatures th roughout  
t h e  t r a n s i e n t .  Recorded va lues  d i d  n o t  d e v i a t e  much from t h i s  va lue .  I n  
c o n t r a s t  b o t h  measured and computed temperatures i n  t h e  h o t  l e g  d i d  v a r y  
s i g n i f i c a n t l y  from t h e  48OoC t r a c e  h e a t e r  s e t  p o i n t .  

Temperatures a t  l o c a t i o n s  i n  t h e  bypass l i n e  (11 and 12, F i g .  5) seem 
T h i s  t o  i n d i c a t e  t h a t  t h e  f l o w  i n  t h e  bypass l i n e  has been o v e r p r e d i c t e d .  

i s  presumably t h e  r e s u l t  o f  poor  e x t r a p o l a t i o n  of  t h e  va l ve  p ressu re  drop 
c o e f f i c i e n t  t o  low f l o w  c o n d i t i o n s .  
i n  b o t h  t h e  exper imenta l  da ta  and t h e  s i m u l a t i o n  i s  d i r e c t l y  a t t r i b u t a b l e  
t o  t h e  g r e a t e r  sodiuni i n v e n t o r y  i n  the  bypass l i n e  than i n  the  t e s t  sec t i on .  

The s lower  t r a n s i e n t  response seen 

f 
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CONCLUSIONS A N D  RECOMMENDATIONS FROM THIS TESTING 

Reasonably good agreement was obtained between experimental ly- 
measured a n d  LONAC-predicted teniperatures during t h i s  t e s t .  This demon- 
s t r a t e s  the a b i l i t y  of a simplified computer code t o  model the THORS l o o p ,  
the older segments of which were designed a decade ago with no intent  t o  
determine detailed loop temperature measurements required f o r  tes t ing 
under natural convection conditions. Insights have been obtained which 
will be u t i l i zed  in planning future t e s t s  under natural convection condi- 
t i ons  and  w i l l  help in code improvements for  simulating long t ransients .  

I t  i s  apparent t h a t  be t te r  loop instrumentation (including properly 
ranged flow meters and pressure transducers) and  a detailed knowledge 
of loop component thermal charac te r i s t ics  are  needed. Analytically, a 
more detai led model of  the  expansion t a n k  i s  needed. 

FUTURE TESTING 

The next configuration t o  be tested in the TtiOKS f a c i l i t y  i s  desisnawd 
as  the Shutdown Heat Removal System (SHRS) Assembly 1 shown in Fig. 6.  I t  
will consis t  o f  two 19-pin bundles in pa ra l l e l ,  an  upper plenum t a n k  and  
a sodium-to-sodium intermediate heat exchanger. The e l ec t r i ca l ly  heated 
bundles are  being bu i l t  t o  Conceptual Design S tudy  ( C D S )  configuration: 
6.99-mm pin diameter, 1.22-mm wire-wrap diameter, 1.016-m heated zo!i? 
length, a n d  2.845-m total  bundle length. Bundle instrumentation will be 
s imilar  t o  t h a t  of THORS Bundle 6.  Loop instrumentation will be extensive 
and thermal charac te r i s t ics  o f  loop ccrnponents wi 71 be known accurbtely. 
Necessary modifications and improvements t o  LONAC will be made including 
a more detailed model o f  the expansion t a n k .  
convection tes t ing will be conducted w i t h  b o t h  single-phase a n d  two-phase 
(boi l ing)  flow. For boiling t e s t s  a more sophisticated bdndle model will 
be u t i l i zed  based on the code SABRE-ZPg, 10 or THORAX.11 
THORS SHRS Assembly 1 i s  scheduled t o  begin in October 1983. 

Forced convection a n d  thermal 

Testing in the 
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UM) 

F i g .  6. Isometric drawing of  the THORS f a c i l i t y  f o r  SHRS Assembly 1 
t e s t i n g .  Assembly 1 w i l l  c o n s i s t  o f  two C D S k o n f i g u r a t i o n  
19 -p in  bund1 es, an upper plenum tank  and a sodiuii i-to-sodiuii i  
i n t e r m e d i a t e  hea t  exchanger. 
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