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ABSTRACT 

An a n a l y s i s  of t h e  flow d i s t r i b u t i o n  i n  MPRE-type rod 
bundles  has been made i n  o rde r  t o  assess t h e  e x t e n t  t o  which 
nonuniform vapor g e m r a t i o n  a f f e c t s  t h e  flows and thus  t h e  
development of p o t e n t i a l  h o t  s p o t s  i n  such bundles .  A com- 
p u t e r  program embodying t h e  a n a l y s i s  has  ' k e n  w r i t t e n  and 
t e s t e d .  ResuL%s of computer runs i n d i c a t e  t h a t  t h e  flow 
channel  coupl ings c h a r a c t e r i s t i c  of t h e  MPW-type core  
g r e a t l j  d iminish t h e  e f f e c t s  of dissymmetry. 

INTRODUCTZOM 

The axial and rad ia l .  power peaks c h a r a c t e r i s t i c  of r e f l e c t e d  

r e a c t o r  co res  appear t o  pose problems f o r  r e a c t o r s  cooled by a b o i l i n g  

l i q u i d  as i n  t h e  MPRE. The r e s u l t i n g  nonuniform vapol- genera t ion  

p resen t s  t h e  p o s s i b i l i t y  for "dry-channel" ope ra t i  on and a t t endan t  

burnout .  I n  o rde r  t o  assess t h e  e x t e n t  t;o which t h i s  nonuniformity 

a f f e c t s  t h e  flow d i s t r i b u t i o n  i n  MFRJ3-ty-pe rod bundles,  an a n a l y s i s  

of t h e  flows i n  such bundles  has been made. 

The pxt<rerne complexity of t h e  b o i l i n g  f low p a t t e r n s  i n  an  opera t ing  

rod bundlet such as t h a t  used i n  the  Tntermediaze Water System (IWS) 

9l - rod  w a t e r  'ooiler,  i s  quick ly  rpvealed by even a cursory  visual. ex- 

aminat ion.  A t  the presen t  s t a t e - o f  -%he-ar t ,  any a t tempt  t o  compute 

t h e  d e t a i l e d  s t r u c t u r e  of such flow p a t t e r n s  would be  f u t i l e .  The 

p resen t  a n a l y s i s ,  t h e r e f o r e ,  assays  a s u b s t a n t i a l l y  l e s s  ambitious 

Lask = 

Et, i s  t h e  i n t e n t  of t h i s  r e p o r t  t o  present, an approximate analysis 

of tk?  flow d i s t r i b u t i o n s  through MPRE-type cores  on the b a s i s  of a 

few phys ica l ly  reasonable s impl i fy i  ng assumptions The continuous 



cha.-racter of t he  flow re? is t r ibu i ; ion  w i l l  be s:Lbstanti.ally preserved i,f 

the  core  i s  a x i a l l y  subdi.vi.iled i.nto a s u f f i c i , e n t l y  l a r g e  nunlber of seg- 

ment,s, i n  each of which t h e s e  assumptions are app l i ed .  

The emphasi-s i n  this report i s  on flow d i s t r i b u t , i o n  r a t h e r  than hot, 

cha.nnel cal.cul.s-hion because of a b a s i c  d i f f  ererice betw2en a l iqu id-cooled  

core and a core cooled by a b o i l i n g  l i q u i d  wi th  ne t  vapor genera t ion .  I n  

the l iquid-cooled case, high power i n  a channel leads t o  an e leva ted  

temperature,  j. .,e , a "hot channel". I n  c o n t r a s t ,  t h e  t,emperatu:*e i n  a, 

core wi%h net, vapor genera t ion  i s  se-l, by t h e  s a t u r a t i o n  ieniperature as- 

soc ia ted  wi.-Lh t he  opera t ing  p res su re .  A high-power channel, then, simply 

genera tes  more vapor a t  t h e  same temperaLure RS adjacent  channels .  A s  a 

resv3 t,, the problem a t tacked  here  i s  IlrniLed to determi~ning whether tile 

vapor i s  r e d i s t r i b u t e d  i n  such a manner as t o  prevent  dry-channel 

opera t ion  wit.h i t s  consequent overheat ing.  

'Three b a s i c  a s s m p t i o n s  were used i n  derLvi.ng t h e  M P R E  flow d i s t r i -  

First, t h e  express ion  used i.n t h e  analog 

Second, 

bu t ion  model presented he re in .  

r epor t  adequately c o r r e l  z t e s  %he core two-phase pressure drop 

any t r ansve r se  c m s s  section of t h e  core i s  a sur face  of cons tan t  pressiire. 

F i n a l l y ,  as a corisequence of t h e  combined effects of wet-Ling, su r f ace  

tensi-on, and momentum, l i q u i d  i s  not interehanged between. channels * T h i s  

las t  assumption i s  not ir lcorlsistent wi th  t h e  interchange of vapor.  These 

assumptions a r e  discussed i n  sonie de+,ail. i _ v l  t h e  a n a l y s i s  sec+,ion of t1:is 

repcrt  . 

- Basic  Assunipt,ions - _I 

T'ne b a s i c  assumptions made f o r  the d e r i v a t i o n  of tile MPRF: flow 

d i s t r i b u t i o n  model a r e  three i n  number: 

'A. R. Barbin and M. M. Yarosh, An Analog Study of a SingIe-T,oop 
Rankine Cyc3 e System, USARC lieport O R N L - q d - i 3 6 9 ,  Oak Ei3ge Nakional 
Iaboratory , January 1966 

fi 
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The spcond a s s m p t i o n  c e r t a i i l l y  wou1.d be va . l id  a t  tlie ends of t h e  

core. Away froin t'ne edges of t h e  core ,  bo th  a x i a l l y  and r a d i a l l y ,  i t s  

plausi10i. l i ty i.s less c l e a r .  However, because of the hi-& connectivity- 

of adjacent,  chanrieI.s (even for. t h e  close-packed WRE core,  t he  r a d i a l -  

t o - a x i a l  equiva len t -d iameter - ra t io  i s  5: 8 ) ,  t h e  di-serepancy should be 

s m a l l  even t h e r e .  I n  m y  event,  one wo:il.d expect 'io wash G i l t  a. l a r g e  

f r a c t i o n  of the t r a n s v e r s e  p re s su re  v a r i a t i o n  -tha+, would o b t a i n  were 

t h e r e  :io vapor interchange between channe1.s. :In t h e  absence of b e t - k r  

information,  then,  t h i s  large f r a c t i o n  has been assumed t o  be  one. 

The f i n a l  assumption a r t s e s  p r imar i ly  f'roin t h e  experimental  ob- 

serva,t ion t h a t  t h e  l i q u i d  tends  t o  flow as a f i l m  s t r a i g h t  up t h e  h e a t e r  

rods.  This tendency i.s a consequence of wet t ing  and su r face  t e n s i o n  

e f fec- t s .  Thus, assumptions two and t h r e e  are compati.ble i n  t h a t  t h e r e  

i s  no l a t e r a l  fo rce  impel l ing t h e  l i q u i d  s idewise .  Fiurther, any drag  

fo rces  on -tihe l i q u i d  a r i s i n g  from lateral. d i f f u s i o n  of vapor w i l l  be  

sma.1.l. because of t h e  s m a l l  t r ansve r se  vapor v e l o c i t i e s .  This,  coupled 

wi th  t h e  l a r g e  l iqu id- to-vapor  den.sit,y r a t i o  and t h e  consequently s t rong  

momentm e f f e c t s  tending  t o  inaictain axial flow of any 1iqiAf.d d rop le i s ,  

le3.ds t o  a n e g l i g i b l e  la teral  t r a n s p o r t  of l i q u i d .  Note t h a t  interchange 

of vapor between ad jacent  channels i s  not  i ncons i s t en t  wi th  the not ion  of 

n e g l i g i b l e  crossfl.ow of l i q u i d .  

Iriput Hes?zi.c t i o n s  ~- x-- 

I n  addi t io i l  t o  t h e  above assumptions, s e v e r a l  r e s t r i c t i o n s  have 

been placed on %he input  parameters i o  t h e  computer program. A s  a resuI.t,  

t h e  problen has  been reduced Prom t h r e e -  t o  two-dimensional wi th  l - i t t l -e  

l o s s  i n  g e n e r a l i t y .  The savings,  however, bo th  1.n probl.ern p repa ra t ion  

and i.n volume of output ;  are cons iderable .  

For geon1etri.c r e g u l a r i t y ,  f u e l  ( o r  h e a t e r )  rods may be add-ed only 

i n  corflpl.etje hexagonal r i n g s .  Fu r the r  t,he core con ta ine r  wa1.l i s  con.-. 

s idcred  t o  be  fornied as if  it, cons is ted  of p a r t i a l .  i-ods, as shown i n  

F ig .  2, a one-si.xth c r o s s  s e c t i o n  of a t y p i c a l  co re .  These r e s t i r i c t ions  

r e su l t  i n  a core  wherein a l l  fl.ow channels a?? ali.ke i n  s i z e  and shape. 
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Essential.1.y a r b i t r a r y  power dist..ri.’outions ai-? allowed, sill, j e c  t Lo 
the  I i rni ta t ior is  that radial v a r i a t i o n s  must 0ccii.r :row-wise and t h a t  

a x i a l  varia’Lions mils t ,  have tile same shape For all. rods i n  t h e  core. 

The f irst  l i m i t a t i o n  simp1.y means t h a t  each rod i n  a given hexa.gona1 

r i n g  must have t h e  same power output ,  ai-Lhough t h e  v a r i a t i o n  from r i n g  

t o  r i n g  may be completely a rb j - t ra ry .  ‘The second requirement i s  equiva- 

l e n t  t o  saying that at a given a x i a l  !.ocat,ion i n  .the core a d i f f e r e n t i a l  

l eng th  of any rod e m i t s  tile sane F rac t ion  of that, r o d ’ s  t o t a l  power. 

F i n a l l y ,  t h e  flows at  t h e  core in le t .  are allowed to vary only with 

r a d i a l  l o c a t i o n  of t h e  channels and not  w i t h  c i r c m _ f e r e n t , i a l  p o s i t i o n .  

The n e t  e f f e c t  of a l l  t h e  above r e s t r i c t i o n s  i s  t o  impose circixn- 

ferent , i .a l  s p m e t r y  on t h e  problem, thus reducing it t o  t w o  dimensions. 

Vapor Flow Equations 

Figure 1 shows t h a t ,  for s e p e n ,  I of channel. j ,  

Equating the  p res su re  drops f o r  a d j a r e n t  channels  then  g ives  

Expressing t h e  q u a l i t y  change as 

f inal.ly y i e l d s  

G ‘1, j l  I T, j+ l  
- - lJ- .G 

j 

s 

‘I, 4 G L + l ,  j ‘I, j+lGI+l, j t  1 L, J 1, j 

= G  (41  
. Equations (4) c o n s i s t  i n  N - 2 equat,ions r e l a t i n g  t h e  < c for I< j 

Nc ;Inknown vapor f l o w s .  



?"ne reminerig equation needed is dbtained by impcjsing continuity 

FOP any longitudinal segment of the core we have on the vapor fiows. 

the mass balance, 

tal vapor T o t a l  vapor  

e segment t h e  segment 
ow out o] I: [law into ] + ( 5 )  

If we apply this definition, recursively, t o  each segment back to t h e  

core entrance, the right-hand side becomes simply the totalvapcr gene- 

rated, through t h e  current segment. 

of course, the vapor flow out of t h e  previous segment. 

side is the appropriately weighted sum of the individual channel flows, 

The vapor f low into any segment is, 
"he left-hand 

so that we have 

%+1,1 + I2',I+1,4 + 

= CN . 
c 

The complete set of vapor f l o w  equations is then of the form 

I 

wI, 1 G I+l,l wl, 2%l, 2 

= c  - G 
'1, NC-l I+l, Nc-1 W19NcGI+l, Nc Ne-1 



where t h e  C ’ s  a r e  cons tan ts  def ined  by Eqs. ( 4 )  and (6). These cons t an t s  

a r e  completely deC,ermined by the vapor genera t ion  r a t e s ,  vapor flows, and 

l i q u i d  flows of t h e  previous segment. 

Vapor Generation i n  a Segment 

A s  may be seen by re ference  t o  F1.g. 2, any p a i r  of ad jacent  rows of 

rods de f ines  two d i s t i n c t  types  of channcl,  which w i l l  be  designated as 

inner  and ou te r  channels .  An inner  channel i s  def ined by t w o  rods from 

t h e  inne r  r c w  and one rod from the  o u t e r  row of a p a i r  of rows, while  an 

ou te r  channel i s  def ined  by two rods f r o m t h e  ou te r  row and one rod from 

t h e  inne r  rov.  With these  de f in i t i o i i s  w e  have 

where 

k = 2.0 and k = 1.0 f o r  a n  inne r  channel 1 2 

and 

k = 1.0 and k = 2.0 f o r  an  ou te r  channel .  1 2 

The t o t a l  vapor generated i n  segment i i s ,  then ,  

Liquid and Total Flow Equations 

The t h i r d  b a s i c  a s s m p t i o n  s t a t e s ,  i n  e f f e c t ,  t h b t  t h e  l i q u i d  flows 

j o  adjacent.  channels are uncoupled, so  tinat 

By d e f i n i t i o n ,  t h e  t o t a l  f low at any po in t  i s  t h e  sum of t h e  vapor and 

l i q u i d  flows. Kence, 
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Solu t ion  of t h e  Vapor Flow Equations 

The f irst  and last  of Eqs. ( 7 )  may be combined t o  g ive  a new last 

equat ion  free of' the f i r s t  channel vapor flow, S imi la r ly ,  t h e  

second of Eqs . (7)  and t h e  new last equat ion y i e l d  a rfew equat ion f r e e  

of both GI+l,l and Proceeding i n  t h i s  fashion,  i n  a r a d i a l l y  

outward d i r e c t i o n ,  one eventua l ly  ob ta ins  an  equat ion conta in ing  only 

as unknown. Th i s  f i n a l  equat ion may be solved e x p l i c i t l y  f o r  G I + l y N -  
r; , g iv ing  I+1, Nc G 

where B .  has been w r i t t e n  f o r  t h e  c o e f f i c i e n t  of G, i n  t h e  last of 

Eqs .  ( 7 ) .  Back s u b s t i t u t i o n  then  y i e l d s ,  i n  succession,  t h e  remaining 

vapor flows, proceeding i n  a radially outward d i r e c t i o n .  Thus, we have 

3 ~+1, j 

for 1 < j < N e *  

I n i t i a l  Conditions 

In order  t o  start t h e  c a l c u l a t i o n ,  i n i t i a l  va lues  a r e  requi red  f o r  

vapor and l i q u i d  flows and f o r  vapor q u a l i t y .  A t  t h e  beginning of t h e  

heated length ,  no vapor has y e t  been generated and t h e  l i q u i d  f l o w  i s  

equal t o  t h e  t o t a l  flow s p e c i f i e d  as program inpu t .  Hence, w e  have, f o r  

14 3 <.<Nc, 



E f f e c t  of Number of Axial Segments 

Inter-channel.  mixing i n  t h e  phys ice l  c r x e  occurs contlnuously; i n  

t h e  computational model, t h e  mixing occurs  at; the eiids o f  d i s c r e t e  

segaents .  It i s  t o  be expected., t he re fo re ,  t h a t  t h e  number of a x i a l  

s e g e n t , s  used i n  a tal-culation wil.1. affect t h e  r e su l . t s .  A ser i .es  of 

c a l c u l a t i o n s  w a s  t h e r e f o r e  made t o  a s s z s s  t h i s  e f f e c t  f o r  both a 7-rod 

and a 91-rod core having uniform power d i s t r i b u t i o n s .  Figure 3 shows 

t h e  e f f e c t  on channel  e x i t  qual i ty-  of varying t h e  number of segments 

i n t o  which Lhe heated l eng th  of t h e  core  was d iv ided .  It i s  apparent  

f r c m  t h e  f i g u r e  t h a t  {;he major po r t ion  of t h e  q u a l i t y  v a r i a t i o n  has been 

accounted f o r  by t h e  t ime t e n  segments have been used.  Beyond -twenty 

segments, t h e  change i s  n e g l i g i b l e .  Sabsequent ca lcu la . t ions  have used 

twenty-f ive segments. 

Radial  Var i a t ion  i n  Bo i l e r  E x i t  Qdal t y  

An i n t e r e s t i c g  abstrac%Son from Fig., 3 i s  t h e  observed q;a,lity 

decrease its the  oL,tcr edgp of t h c  core  i s  a .pproxhed,  d -sp i tp  t h e  un i -  

f o r m  pciwcr d i s t r i b u t i o n .  T 2 i s  decrease can be explained on a payely 

geomeLric basis. P s  Fig .  2 shows, each f l o w  rhannel i s  def ined  by t h r e e  

curved wall s e c t i o n s .  Tn t h e  ouher-most channel ,  only one of  t'npse 

sertjons i s  hcated.  R e  next channel i n  has Lwo heaxed w a l l s ,  while t h c  

t h i r d  h a s  th rce  heated wa l l s .  '!Aus, the r e l a t i v e  power inpu t s  t o  ihese  

t h r e e  channels a r e  as l:2:3, r e spec t ive ly .  J r l  t h e  absence of inter-channel  

mixing;, then,  one would expect 'die q u a l i t i e s  t o  va ly  i n  the same propor- 

t i o n s .  The observed reduct ion  t o  a v a r i a t i o n  below 30% r e s u l t s  f r o m  t h e  

cross-channpl coupling c h a r a z k r i s t i c  of t h e  Ml'RE-type core  
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Fig.  3. E f f e c t  of Core Axial Subdivision 011 Calculated E x i t  Q u a l i t y  
D i s t r i b u t i o n .  Uniform power, 3 Kw/Rod a 



Conpm i son Bc.+,ween C!alcul.a:-, Lon --.- a,nd Exper bent .I _.._.__a__ -.I.-_ 

En a n  e f f o r t  t o  assess tihe val - id i ty  of -the comput,a.tioaal model, 

"biirnout" experiments were carr- led OUC, .in t he  ZdS for two widely d i f -  

f e r e n t  r a d i a l  power d i s t ; r i bu t ions ,y2  i . e .  a uiijform d i s t r i b u t i o n ,  and 

oiie i n  which t h e  ou te r  row of rods operated a t  t-wice t h e  power level.  i n  

t he  rcmainder of ?he core e Whi.:I.e a. d i r e c t  and.  detai l .cd comparison 'oe- 

tween calcul;.;T.ion and experiment c o u l d  not be made, t h e  i n d i r e c t  evidence 

obt;ai.ned w a s  c o n s i s t e n t  wi th  t h e  e f f e c t s  pred.ici;ed by t'ne c a l c u l a t i o n s .  

For ea,ch of t h e  t,wo experi.ments performed., t h e  des i r ed  b o i l e r  nowel- 

d i s t r i b u t i o n  was set  and the  system allowed t o  come t o  equil.i..brium at a 

q u a l i t y  comfortably away from t h e  burnout, condi t ion .  The reci .rcul.ation 

flow to t h e  b0i.J-er w a s  t hen  l;brotf;led a t  cons- it power, thus  r a i s i n g  

the e x i t  qua l i t y ,  ilnLi1. transien-i ,  t ,emperature spikes displayed on t h e  

monitoring equipment ind ica t ed  inc ip i -en t  burnout .  Ii1 each case,  t he  

experiment w a s  terminated before  t h e  teniperature sp ikes  became severe 

enough t o  rem15 i n  a system scram. This was done i n  order  t o  avoid 

t h e  d i f f i c u l t i e s  inherent  i n  at,te-rrpting to d u p l i c a t e  opera t ing  condi t  i.ons 

af ter  a forced shikdown. 

Rather su rp r i s ing ly ,  t h e  experimentL3 ind ica t ed  t h a , t  buri>o:it con-  

dit i -ons were reached f o r  t.he same mean e x i i  qualit,y, d e s p i t e  Liie con- 

s i d e r a b l e  d i f f e r e n c e  i n  t'ne r a d i a l  power d i s t r i b u t i o c s  . T'nat t h i s  shou1.d 

be s o  i s  ind ica t ed  by F tg .  I+, wkich shows t h e  predicted.  exi.t q u a l i t y  d i s -  
tzibu'cio-ns f o r  c a l c u l a i i o n s  designed 50 ma,t.c'n t he  3pcrat;ing condi t ions  

of t h e  1XS experiments.  Note that near t h e  core  cen te r ,  where i i ? t e r n d  

rod teinperatnrc f l u c t u a t i o n s  indica.Lerl inci.pi.ent burnou5 i - n  both exper i -  

ments, t ,he ca l cu la t ed  q u a l i t y  d i f f e rence  i s  q u i t e  small. A smal l .  error 

i n  power o r  f low measurem?nt, cc1il.d e a s i l y  ac-.:ommda.te t h i s  discrepancy.  

Note th2.t t h e  e f f e c t i v e n e s s  oi" t he  f I . o - ~  chann-1. coiql.ing i n  reducing 

t h e  e f f e c t s  of power dissymm ry i s  aga in  appareint T'nr: q u a l i t y  peak 

occix-s away from she edge of t h e  ca re  as a resul+, of the geometric e f f e c t  

previous1.y e x p h i n e d .  A s  may be seen f r o m  Fig. 2, high power i n  the  

oiiteymost row of rods  y i e l d s  a m a x i m u m  channel power i.nput f o r  t h e  th i rd .  

channel i n  f r o m  t h z  core  edge, where C-1.w q u a ? i i y  peak i s  observed +.o occur .  
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Operat ional  experierice wi%h poLassi.m syst,Ejns has  a l s o  ind ica t ed  

t h e  same smoothing of the e f f e c t s  of nonuniform power d i s t r i b u t i - o n s .  

Because of i n t e r n a l  e l e c t r i c a l  f a i l u r e s  i n  heater rods, sone systems 

have been opel-ated wi th  a nimber of inac-i;ive rods,  yie!ding a ra t ,her  

patchy power d i s t r i b u t i o n .  For exmple,  a seven-rod. potassium b o i l e r  

has operated wi th  as few as four acti-ve h e a t e r  rods and {;he I n t e r m d i a t e  

Potassium System ( I P S )  has  operated wLtk as many a.s l1sl.f the rods i n  t he  

core  i n a c t i v e .  There w a s  no d i s c e r n i b l e  e f f e c t  on system f u m t i o n i n g  

save f o r  t h e  obvious one of t h e  :reduced vapor genera t ion  r e s u l t i n g  from 

t h e  l a r g e  num'uer of i n a c t i v e  h e a t e r s .  

Qual i ty  D i s t r i b u t i o n s  i n  t h e  MPHE -I Core -- 
Q u a l i t y  d i . s t . r ibu t ions  have been ca l cu la t ed  f o r  t h e  MPRZ core  as 

func t ions  of bo th  r a d i a l  and axial p o s i t i o n  i n  t h e  core .  Power distri- 

bu t ions  obtained from Ref. 3 are shown i n  F i g s  

computer program, t h e s e  continuous d i s t r i b u t i o n s  were i n t e g r a t e d  over 

t h e  nine r ings  of f u e l  rods and 25 a x i a l  segments to ob ta in  t h e  1:mped 

F a r m e t e r s  r equ i r ed .  

5 and 6.  For use i n  t h e  

Figure '( shows t h e  radial  q u a l i t y  d i s t r i b u t i o n s  a t  f i v e  axial 
I-ocations i n  t h e  MPRE co re .  The co re  powe- i s  one megawatt; the  mean 

e x i t  qua l i - ty  i s  20%. 

i s  qiij.te e f f e c t i v e  i n  reducing t h e  e:Pfects of power nonuniformity.  What 

may not  be so  obvious i s  t'ne reason f o r  t h e  drop i n  qlial.ity a-t; t h e  edge 

of t h e  core,  where .tine r a d i a l  power d i s t r i b i i t i o n  peaks.  The exp1.ana.tion 

is  two-fold. F i r s t ,  t h e  power sp ike  of Fig. 5 has been Integrattd over 
~ n t :  last row of f u e l  rods and the resu l tan t ,  mean powei- assimed t o  be 

uniformly r e  jecliud around t h e  ro i l  per iphery  ICai.culations by ;Tung show 

t h a t ,  a l though t'ne p e r i p h e r a l  heat, re j ec t ior i  does vary, the t.herma1 con- 

duc t ion  wi-thin a f u e l  ?od reduces t h e  v a r i a t i o n  much below t h a t  of Lhe 

Again it i s  apparent  t h a t  t h e  2'1.0~ channel. c.oupling 

1. 1 -, 

A .  I!?. Peri-y,, 3. 1)- Smith, a.flc? J. V .  Wi:!sonp Xevi.sion and Fui:ther 3 

Study of Iieference Reactor,  pp. 38-39, Space Iower Program Semiann Frogr .  
Rept, . June 30, lg6!C, USAEC Report OZNL-.j683, Oak Ridge Nations.! Laborat.ory 
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power generat . ion ac ross  t h e  same rode4 

t h i s  var iak ion  has been assuriled neg1igibl.e.  Second, t he  geometric e f f e c t  

of t h e  unheated ou te r  per imeter  (as explained above with re ference  i o  

Fig. 3) then  comes i n t o  play,  r e s u l t i n g  i n  t h e  obserwcf q u a l i t y  decrease 

i n  t he  outermost channels . 

To a f i rs t  appI:oximation,, then, 

A more nea r ly  p rec i se  calcu.l.ati.on would al low p e r i p h e r a l  v a r i a t i o n  

i.n t h e  ou-tput o f  i .ndividua1 rods .  Radia l  power peaklng wou1.d t h . u s  g ive  

more near1.y uniform hea t  i npu t s  t o  t h e  ou te r  channels,  r e s i d t i n g  in a 

lessened q u a l i t y  v a r i a t i o n .  It may be concluded, then,  t h a t  t h e  p re sen t  

ca lcu lab ion  actually gives  a somewhai p e s s i m i s t i c  es t imate  of -the r a d i a l  

va.r ia t ion i.n q u a l i t y .  

4J. K .  T. Jiing, 
R e f  le et o r  ' Interface 
June 30, 1963, USAEC 

Temperature D i s t r i b u t i o n  i.n Fue i  Rods Near Core- 
pp. 10-12, Spac.e Power Progranm Seniann. Progr .  Rept. 
Report ORNL-3489, Oak Ridge Nat iona l  Laboratory.  



(Any c o n s i s t e n t  s e t  of u n i t s )  

Quan t i ty  D e f i n i t i o n  

C Constant def ined  by Eqs. (4) o r  (6) 

f Axial f r a c t i o n  of rod h e a t  output 

F Channe 1 l i q u i d  weight flow 

G C!hannel vapor weight flow 

AG Generated vapor increment 

h Latent  hea t  of vapor i za t ion  
f g  

k Constant def ined  i n  Eqs. ( 9 )  and (10) 

T o t a l  number of channels  

P Pressure  

c3 Pressure  drop 

4 

W 

X 

Rod h e a t  output, t,o channel  

Channel t o t a l  weight flow 

Channel q u a l i t y  

Ax Channel q u a l i t y  increment 

Su-bseriptx D e f i n i t i o n  

1 Current  segnent nunber 

i General segment number 

j ,  k General channel  numbers 
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