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FOREWORD 

Lie data described in this report (Section I11 of the final 
report) were obtained from tests conducted by Allis-Chalmers 
Manufacturing Company between February and June 1960 pursuant t o  
Modification IX of Contract No. AT(10-1)-925 and were run con- 
currently with Heat Transfer tests reported under Section IV. 

ABSTRACT 

Pressure drop data f o r  the Title I EGCR fuel assembly have 
been presented in Section I. The data presented in this section 
cover the pressure drop tests of the Title I1 fuel assembly design f 

modification and refinements as occurred during the Title I1 test 
phase. All tests were conducted with the chosen 3.000-in. ID fuel 
assembly sleeve and with the outer six tubes of the seven tube 
cluster located on a 2.000-in. dia. bolt circle. The tests 
included two designs of spider support pieces, and three designs 
of mid-length spacers. The pressure l o s s  data are presented in 
the form of velocity head coefficients for the various components 
of inlet, full element length, exit, and the 14-in. center length 
over a range of Reynolds Numbers f rom 20,000 to 90,000. 



I. INTRODUCTION 

The determination of the coolant' pressure drop across the 
reactor core is dependent upon the geometry of the f l o w  channels 
of the fuel elements. The effect of revisions in design of fuel 
assembly spiders and spacers made since the Title I tests are 
difficult, if not impossible, to predict with satisfactory 
accuracy without the benefit of test results. It was for this 
reason that the Title I phase of testing was extended to include 
production models of the fuel element assemblies of the later 
Title I design which included Title I1 design changes. 
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11. OBJECTIVE 

The primary ob jec t ive  of t he  t e s t s  he re in  described was t o  
obta in  experimental  data on f u e l  channel p re s su re  loss c o e f f i c i e n t s  
of t he  T i t l e  I1 f u e l  assembly designs.  a: 

A secondary ob jec t ive  was to determine t h e  e f f e c t  of r e l a t i v e  
angular  rota’cion between f u e l  assemblies on pressure  drop losses. 

111. SCOPE 

The o r i g i n a l  scope for t h i s  phase of t h e  Pressure Drop 
Program was t o  obtain experimental f u e l  pressure  loss c o e f f i c i e n t s  
of prototype production f u e l  assemblies.  During t h e  course of t he  
program, t h e  scope was enlarged t o  inc lude  loss c o e f f i c i e n t s  of 
s eve ra l  vers ions  of mid-length spacer  designs and two sp ide r  
support  des igns .  The d a t a  assisted i n  t h e  f i n a l  choice of t h e  
T i t l e  I1 design, which was assembled and t e s t e d  i n  t h e  f i n a l  phase 
of t h e  extended program. 

T h i s  report  (Sec t ion  111) presen t s  t h e  r e s u l t i n g  pressure  
l o s s  c o e f f i c i e n t s  of f o u r  s epa ra t e  tests. The tests were con- 
ducted i n  t h e  open a i r  r i g  a t  A l l i s - C h a l m e r s  Manufacturing 
Company, Nuclear Power Department, Washington, D.  C .  

I 



IV. RESULTS ?! 
The ove r -a l l  p ressure  loss was separated i n t o  f o u r  major 

I components s i m i l a r  t o  those reported i n  t h e  T i t l e  I e f f o r t .  The 
i f0u.r  components a r e :  \ 

1. C c ,  a combined f r i c t i o n  and f o r m  loss measured over a 
1 8 - i n .  l ength  wi th in  t h e  f i r s t  f u e l  assembly of t h e  
f u e l  column which includes t h e  Mid-Length spacer;  

2. C s l ,  an ove r -a l l  p ressure  loss of one complete f u e l  
assembly measured f rom a. po in t  upstream of t he  e x i t  
erld of one f u e l  assembly t o  a corresponding po in t  on 
t h e  next assembly; 

3. C,, an entrance loss measured from t h e  i n l e t  plenum 
t o  a po in t  immediately downstream of  t h e  f i r s t  f u e l  
as sembly ; 

4. C , an e x i t  l o s s  measured from a po in t  downstream of 
t & e  e x i t  end of t he  las t  assembly t o  t h e  e x i t  plenum. 

A l l  f o u r  l o s s e s  a r e  expressed as c o e f f i c i e n t s  of ve loc i ty  
head w i t h i n  t h e  f u e l  assembly. Four combinations of' a spacer-  
and s p i d e r  conf igura t ion ,  chosen f rom two s p i d e r  and t h r e e  spacer  
designs,  were t e s t e d  i n  t h e  open-air  t e s t  r i g .  Ind iv idua l  p l o t s  
of t h e  c o e f f i c i e n t s  versus  Reynolds Number appear i n  Appendix A .  

The values  of CS,  C s ' ,  C C ,  and Ce a t  a Reynolds Number of 
50,000 are l i s t e d  i n  Table I a t  t h e  end of t h i s  s ec t ion ,  along 
w i t h  similar values  from two tes t  arrangements of t h e  T i t l e  I 
f u e l  assembly previous ly  reported i n  Sec t ion  I. One of t h e  
T i t l e  I tes t  arrangements had no Mid-Length spacers ,  and t h e  
second had 45O h e l i c a l  vane spacers  a t  t h e  mid  l ength  of each tube.  
By comparing t h e  l i s t e d  r e s u l t s ,  t h e  fol lowing g e n e r a l i z a t i o n  can 
be made: - 

1. The Nod. I V  Mid-Length Spacer (Dwg.  S K - D - 1 6 1 )  creates l e s s  
pressure  l o s s  than t h e  o the r  t h r e e  designs t abu la t ed .  
By comparison, t h e  Mod, I spacer  (Dwg. SIC-D-162) creates 
a 10% g r e a t e r  added  l o s s  t o  C,, t h e  Mod. I1 spacer  
(Dwg. SK-D-161) c r e a t e s  a 6576 reater added  loss and t h e  
T i t l e  I spacer  c r e a t e s  about 1 E 5% greater added loss. 

2. The combined i n l e t  and e x i t  l o s s e s  t o  and from t h e  f u e l  
element assemblies ( C c  + Ce) inc lude  e x i t  and en t rance  
l o s s e s  from and t o  plenums p l u s  t h e  l o s s e s  of t h e  two 
3.000-in. I D  x 29-i.n. long dummy elements .  The combined 

although about t h e  same f o r  t h e  T i t l e  I (Dwg. D-104 RD 
t e s t  sp ide r s  (2% higher )  and fibout 10% greater for t h e  
production specimen of T i t l e  I design (Dwg. SK-MS-15). 

l o s s e s  are least  w i t h  t h e  Mod. I spiders (Dwg.SK-D-163 
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3 .  

4. 

The pressure  l o s s e s  of t h e  mating p a i r s  of adjacent  
sp ide r s ,  inc luding  t h e  s h o r t  open space between the  
f u e l  assemblies,  i s  l e a s t  w i t h  t h e  T i t l e  I t e s t  sp ide r s ,  
approximately 36% g r e a t e r  for t h e  T i t l e  I production 
models  and about 21% g r e a t e r  f o r  the  Mod. I sp ide r s .  

The e f f e c t  of r o t a t i n g  t h e  second of t h r e e  f u e l  assemblies 
300 w i t h  r e spec t  t o  t h e  f i r s t  and t h i r d  assembly causes 
t h e  over -a l l  p ressure  l o s s ,  c s '  t o  i nc rease  2-3s w i t h  
t h e  T i t l e  I specimens and 3-5% w i t h  t h e  Mod. I s p i d e r s .  

A s c a t t e r  of t e s t  p o i n t s  below Reynolds Number 30,000 
exis ted  due t o  an  unpredic tab le  flow phenomena, caused by opening 
the  vent valve, which was done at low flow condi t ions  t o  reduce 
excessive compressor surging and a l s o  t o  reduce manometer f l u c t u -  
a t i o n .  

I n  t h i s  s e r i e s  of t e s t s ,  opening t h e  vent valve was not 
ob jec t ionable  as t h e  c o e f f i c i e n t s  a r e  f i r m l y  e s t ab l i shed  f o r  $he 
h igher  Reynolds Numbers. The  next series of t e s t s  t o  be run were 
f o r  t he  most p a r t  i n  t h e  low f l o w  range ( i , e . ,  below N 30,000), 

upstream of t h e  o r i f i c e ,  but a l so  uncovered a -4.5$ t o  -5.0% e r r o r  
i n  all f low measurements. This cor rec t ion  h a s  been applied t o  
a l l  of t h e  t e s t  d a t a  of t h i s  r e p o r t ,  and should be appl ied t o  t h e  
data i n  Sec t ion  I repor t  (Ref. 6 ) .  The quoted values  of Sec t ion  I 
repor t  i n  Table I have been s o  cor rec ted  as noted i n  t h e  foo tno te s  
of the Table.  

t h e  vent valve e f f e c t  was overcome by i n s e r t i n g  a r e s i s  RF ance p l a t e  

Accuracy of t es t  r e s u l t s  i s  est imated t o  be approximately 5%. 
A d e t a i l e d  commentary of accuracy i s  included on Page 12 i n  t h e  
Discussion s e c t i o n  of t h i s  r e p o r t .  

4 
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T e s t  I D  I n .  Ligament 
Symbol Sleeve Ra t io  

6 3.002 1.983 

7 3.002 1.983 

8 3.002 9.983 

3.002 1.983 9 

1-3 3.016 1.88 

6-3  j.016 1.88 

TABLE I 

0 I; A A  
C ' S  CC C e  C Sp ide r  

cS  Orientat ion* Spacer Or i en ta t ion  

00 30° 00 30' 

0.05125 f t .  Mod. I1 Vanes T i t l e  I 0.850 1.854 1.890 0.501 1.095 0.326 0.491 0.531 

0.05125 f t .  SK-D-162 a 1  Vanes T i t l e  I -0.743 1.704 1.761 -0.504 1.076 0.217 0.454 0.513 

0.05125 f t .  SK-D-161 Vanes Mod. I 0.724 1.637 1.726 0.556 0.865 0.197 0.402 0.496 

0.05125 f t .  SK-D-161 Vanes Mod. I 0.849 1.788 1.847 0.552 0.900 0.326 0.436 .491 

0.05199 f t .  None None up k i t lekI  0.51;* 1.319 1.446 0.496 0.986 - 0.293 0.420 

0.05199 f t .  SK-FF-1136 :? Van:: Up t i t l e  I 0.998 1.868 1.941 0.496 0.968 0.480 .360- 0.434 

De Mid-Spacer Spider  
( 4  x Hyd Rad) I d e n t i t y  I d e n t i t y  

S t r a i g h t  Prod. Run 

SK-D-161 60' Pad SK-MS-15 

300 Pad SK-MS-15 
Mod. I V  S t  r a i g h t  T i t l e  I1 

30' Pad SK-D-163 
Mod. I1 S t r a i g h t  T i t l e  I1 

600 Pad SK-D-163 

----Mod.I------ 

T e s  Moc *** *** n 0 

S K - F F - ~ O ~  
D r a w  ng " H e  c- T e s  Mock 0 cl D D 0 

(No Pad) . SK-FF-104 . 

TYPICAL TEST RESULTS AT REYNOLDS NO. = 50,000 

L **Calculated from C, 

and L a 1.1666 f t .  

f ITe  with f E 0.023 obtained from Reference 1, Page 5 co r rec t ed  for -4.5 t o  -5.M e r r o r  of flow measurement 

***Calculated from C', E f f  %e with f = 0.028 and 0.031 r e s p e c t i v e l y  obtained from Reference 1, Page 5 co r rec t ed  f o r  -4.5 t o  -5.M 
e r r o r  of f low measurement and L = 2.4166 f t .  

A Calculated from 'Spacer 

OACalculated from CSpider 

' s  - f #e with f = 0.023 and L = 1.1666 f t .  
L 

c ' s  - CSpacer - 'T.L. where 'T.L. = f - De 
with f = 0.023 and L = 2.2917 f t .  f o r  assemblies 6, 7, 8 and 9 

and L = 2.312 f t .  for assemblies 1-3 and 6-3. 
OObtained d i r e c t  from Reference 1, Page 5, corrected f o r  - 4.5% t o  -5 .w e r r o r  of flow measurement. 



V. CONCLUSIONS 

The T i t l e  I Test  Spiders  actuall 'y c rea ted  l e s s  pressure  loss 
(0.15 v e l o c i t y  head) but were n o t  considered f u l l y  r ep resen ta t ive  
of T i t l e  I design which was s t i l l  being rev ised  during the  t e s t  
program ( s e e  page 8 of R e f .  6 ) .  

El iminat ing the  T i t l e  I Test Spiders  from content ion and 
using a minirnum pres su re  l o s s  as a c r i t e r i o n  f o r  choice of T i t l e  11 
design spacers  and end sp ide r s ,  t h e  Mod. I s p i d e r s  and t h e  Mod. I V  
Mid-Length Spacers would be t h e  p re fe r r ed  choice.  The Mod. I 
Spacers, however, d i f f e r i n g  from the  Nod. I V  Spacers only by t h e  
use of a l a r g e r  pad, c r e a t e s  e s s e n t i a l l y  t h e  same loss as the  
Mod. I V  Spacers con t r ibu t ing  l e s s  t h a n  an 0.02 a d d i t i o n a l  v e l o c i t y  
head p e r  assembly over t h a t  c rea ted  by t h e  Mod. I V  Spacers.  

The Mod. I end s p i d e r s  s tand out as a more d i s t i n c t  choice 
over t he  T i t l e  I product ion end s p i d e r s .  The sum of entrance and 
e x i t  losses, and t h e  l o s s e s  of a p a i r  of sp ide r s  at each p a i r  of 
adjacent  assemblies of t h e  T i t l e  I product ion specimens are about 
10% and 13;; higher ,  r e spec t ive ly ,  than t h e  losses of t h e  Mod. I 
spacers .  

. 
* . 

It s h o u l d  be no ted  t h a t  the i n l e t  a n d  ex i t  loss c o e f f i c i e n t s  
each inc lude  a 29-in. l ength  t u b u l a r  d u m  element. The f i n a l  
dumy designs,  having more i n t r i c a t e  a i r  f l o w  passages,  are expected 
t o  increa.se these loss c o e f f i c i e n t s  appreciably,  and t h e  mock ups 
of t h e  f i n a l  design w i l l  be tested a s  soon as t h e  design drawings 
a r e  a v a i l a b l e .  

6 



V I .  TEST R I G  

The P-es3u.i-e Drop R i g  i s  e s s e n t i a l l y  t h e  same a s  described 
i n  Sec t ion  I of Report RD-0007, w i t h  t h e  except ion of t h e  g raph i t e  
s leeves ,  which  were supplied by ORNL from production prototype 
s leeves  Ey mutual agreement bctvreen Allis-Chalmers and ORNL t h e  
s l eeves  were n o t  d r i l l e d  t o  accommodate v e l o c i t y  probes.  # 

( 6The P 

< remaining d e s c r i p t i o n  i s  copied verbatim f r o m  Sec t ion  I 
& 

The p res su re  d r o p  experiments were performed w i t h  t h r e e  f u l l -  
s c a l e  f u e l  assemblies placed i n  s e r i e s .  Dummy assemblies were 
placed a t  the i n l e t  and discharge ends of t h e  column of t e s t  
assemblies .  The dummy assembly was a 29-in. long hollow carbon 
s t e e l  cy l inde r  having t h e  same bore as t h e  f u e l  assembly s l eeves .  
Plenum chambers were placed a t  the upstream and downstream ends 
of t h e  t e s t  s e c t i o n .  A c e n t r i f u g a l  compressor de l ivered  a i r  a t  
about 170 F t o  t h e  t e s t  s ec t ion .  The compressor i n l e t  and t h e  
t e s t  s e c t i o n  e x i t  were open t o  t h e  atmosphere. 
was i n s t a l l e d  between t h e  compressor discharge and test s e c t i o n  
i n l e t .  

An o r i f i c e  meter 

The blower and flow con t ro l  system was capable of varying 
t h e  flow over t h e  range described previous ly .  Pressure d r o p  
over t he  t h r e e  t e s t  assemblies was measured by means of U-tube 
glass manometers. 
t h e  manometers. The choice of f l u i d  was dependent upon t h e  
magnitude of t h e  d i f f e r e n t i a l  p re s su re  t o  be measured. Two 
i n c l i n e d  water manometers were a v a i l a b l e  t o  z c u r a t e l y  measure 
low d i f f e r e n t i a l  p re s su res .  

Air temperature measurements i n  t h e  t e s t  r i g  were made a t  
t h e  o r i f i c e ,  t h e  i n l e t  of t h e  t e s t  sec t ion ,  and o u t l e t  of t h e  
t es t  s e c t i o n .  Temperature measurements were taken w i t h  mercury- 
i n - g l a s s  thermometers. Provis ions  were a l s o  a v a i l a b l e  t o  obta in  
these  temperature measurements w i t h  thermocouples. 
thermocouples proved t o  be an unnecessary refinement;  experience 
d i d  not  d i c t a t e  t h e i r  necess i ty .  

Flow measurement through t h e  r i g  was made by means of a 
concent r ic  o r i f i c e  p la te  mounted between s tandard o r i f i c e  f l anges .  
Both t h e  d i f f e r e n t i a l  p re s su re  and t h e  s ta t l s  p res su re  downstream 
of t h e  o r i f i c e  were measured by means of manometers, Flow c o n t r o l  
was achieved by means of two b u t t e r f l y - t y p e  valves;  one valve was 
loca ted  i n  the  take-off  from ma.in flow t o  a c t  as a by-pass, and 
was vented t o  atmosphere, t h e  o t h e r  valve used f o r  t h r o t t l i n g  was 
loca ted  j u s t  upstream of p re s su re  drop tes t  s e c t i o n .  

Various d e n s i t y  f l u i d s  were a v a i l a b l e  t o  f i l l  

The use of 

S t a t i c  p re s su re  measurements were made a t  s e l e c t e d  s t a t i o n s  
along t h e  f u e l  assembly test s e c t i o n ,  Each s t a t i c  p re s su re  t a p  
was connected t o  a manometer l eg  and t h e  manometer registered t h e  
d i f f e r e n t i a l  p re s su re  between s t a t i o n s .  The l o c a t i o n  of s t a t i c  

A 
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pressure  t a p s  along t h e  t es t  s e c t i o n  i s  shown schematical ly  on 
Flowsheet SIC-D-168. A more d e t a i l e d  d e s c r i p t i o n  of t h e  tes  
equipment i s  contained i n  Appendix C of t h e  T i t l e  I repor t  b) 

1 . 
A 
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V I I .  TEST SPECIDENS 

The f u e l  assembly tes t  specimens convered by t h i s  r e p o r t  were 
suppl ied by ORNL from a p i l o t  production run of T i t l e  I f u e l  
assemblies manufactu 
i n g  i n  A-C Study 100 
length  spacers, D e t a i l  7, was r e t a ined  and t h e  only o the r  modifi- 
ca t ions  t o  i n t e r n a l  p a r t s  was t o  thread t h e  end caps, Detail 6, t o  
provide f o r  a b o l t e d  assembly of f u e l  tubes and s p i d e r s  i n  l i e u  
of t h e  weld  i n  sub-assembly D of Drawing SK-PIS-15. T h i s  permitted 
t h e  mid-length spacers ,  which were s l ipped  on t h e  tubes and held 
i n  place by cement, t o  be readi ly  interchanged.  

A t y p i c a l  f u e l  assembly was t h e r e f o r e  f u l l  s i z e  and cons is ted  
of a 5- in .  OD, 3- in .  I D ,  29-in long g r a p h i t e  cy l inde r  ( c a l l e d  a 
s leeve)  i n  which a c l u s t e r  of seven empty t u b u l a r  f u e l  elements 
were supported by sp iders  a t  each end of t h e  s leeve .  Four p re s su re  
taps were provided t o  form a piezometr ic  r i n g  a t  two axia , l  p o s i t i o n s ,  
5-1/2-in. and lg-l/2 i n ,  from t h e  upstream end of t h e  s leeve .  The 
f u e l  element tubes were 0.75-in. OD s t a i n l e s s  s t e e l  tubes void of 
f u e l .  For r e a c t o r  operat ion,  t h e  tubes w i l l  be f i l l e d  w i t h  UO 
p e l l e t s .  The sp ider  a t  each end of t h e  s l eeves  supported t h e  fubes 
w i t h  one tube on t h e  s l eeve  c e n t e r  l i n e  and t h e  remaining s i x  tubes 
equa l ly  spaced around t h e  c e n t r a l  tube on a 2.00-in. b o l t  c i r c l e .  
Reproductions of t h e  genera l  arrangement of t h e  r e a c t o r  f u e l  
assembly drawing, SK-FF-15, and de ta i l s  of t h e  product ion run t e s t  
specimens of T i t l e  I sp ider ,  Drawing SK-D-163, appears i n  Appendix 
B. 

i n  accordance w i t h  Drawing SK-MS-15 appear- 
Complete f l o w  geometry except for mid-  787 

- @  
. 

d 

I, 

* 

The drawing SK-D-163 a l s o  conta ins  t h e  a l t e r n a t e  ORNL modified 
tes t  s p i d e r s  A-103-30, whlch were s u b s t i t u t e d  i n  t h e  l a s t  two t es t  
assemblies (see P i g .  6, Appendix B) .  

The m i d - l e n g t h  spacers ,  Detai l  4, of SK-MS-15, was replaced 
success ive ly  by three modif icat ions of t h e  45' h e l i c a l  f inned 
designes c a l l e d  Mod. I, Mod. I1 and Mod. I V  des igns ,  A l l  three 
designs were 1/4-in. long ove r -a l l  without any hub ex tens ions .  
The Mod. I spacers shown on D r a w i n g  SK-D-162 i n  Appendix B have 
30° h e l i c a l  vanes w i t h  t h e  one vane of t h e  spacers  on t h e  s i x  
ou te r  tubes containing a f a b r i c a t e d  1/4-in. o r  30° arc  pad. The 
o u t e r  spacers  were assembled s o  t h a t  t h e  vane w i t h  t h e  pad was 
adjacent  t o  t h e  g r a p h i t e  s l eeve  I D .  The Mod. I1 c e n t r a l  spacers  
were a simple 0.757-in. OD x 0.826-in. OD x 1/4-in. long cy l inde r .  
Vanes on t h e  o u t e r  spacers  were s t r a i g h t  w i t h  one vane enlarged 
t o  a 600 a r c  s o l i d  pad. Mod. I V  spacers  were i d e n t i c a l  t o  Mod. I1 
except t h a t  t h e  enlarged pad or vane was reduced from a 60° a r c  t o  
a 300 a r c  w i d t h .  Both  Mod. I1 and Mod. IV spacers  are shown on 
Drawing SK-D-161 i n  Appendix B. 

A s  i n  t h e  T i t l e  I t e s t  program, t h e  tes ts=@ run w i t h  three 
f u l l  s c a l e  f u e l  assemblies i n  series. The same plenum and dummy 
assemblies, one a t  each end of t h e  ser ies  of f u e l  assemblies, were 
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used i n  t h i s  T i t l e  I1 t e s t  e f f o r t .  The dummy elements were 
twenty-nine i n .  x 3.000-in, I D  g r a p h i t e  cy l inde r s  A schematic 
drawing of t h e  arrangement w i t h  t h e  t e s t  s t a t i o n s  i d e n t i f i e d  is 
on Drawing SK-D-168, 

1 10 

The f i n a l  design of t h e  dummies a r e  expected t o  be or  a 
more complex shape. The lower dummy w i l l  conta in  e i t h e r  
rep laceable  o r  a d j u s t a b l e  o r i f i c e s  and both dummies will 
probably inc lude  neutron r e r l e c t o r s  t o  prevent  s t ra ight  through 
neutron streaming. A mock up w i l l  be made of t he  f i n a l  dummy 
design and w i l l  be tested as a fo l low up of t h i s  phase of t h e  
program t o  ob ta in  accuracy entrance and e x i t  l o s s e s  and t o  ob ta  
if necessary,  con t ro l  o r i f i c e  data. 

i n ,  



VIII.DISCUSSION 

The d i v i s i o n  of t he  over -a l l  p re s su re  l o s s  i n t o  f o u r  s epa ra t e  
components h a s  been defined i n  t h e  Resul ts  Sect ion,  Page 4 and 
p l o t s  of c o e f f i c i e n t s  CS, C s l ,  C C  and Ce versus  Reynolds Number 
appear i n  Appendix A. 

o v e r  a 14-in.  a x i a l  l ength  i n  t h e  cen te r  of t h e  f u e l  assembly 
between t e s t  s t a t i o n s  1-6 and 1-10. The mid-length spacers  are 
included wi th in  this l eng th ,  The c o e f f i c i e n t  C s l  r ep resen t s  t h e  
over -a l l  p re s su re  l o s s  of one complete f u e l  assembly, measured I 

between s i m i l a r  p o i n t s  (1-10 and 2-10) on each ad jacent  pairs of 
f u e l  element assembly. The numbering system of t he  t e s t  s t a t i o n s  
i s  i n  accordance w i t h  flow shee t  SK-D-168. Entrance losses,  which 
include t h e  l o s s  of t he  3.00-in. I D  x 29-in. long dummy are 
measured between t h e  plenum t e s t  s t a t i o n  3 and t h e  t es t  s t a t i o n  
1-0 j u s t  downstream of t h e  f i r s t  assembly spider ,  The e x i t  loss, 
C e ,  was determined from measurements between t e s t  s t a t i o n  3-10, 
j u s t  upstream of t h e  end of t h e  t h i r d  f u e l  assembly, and t h e  e x i t  
plenum, t e s t  s t a t i o n  22. 

:@ 

- . Coef f i c i en t  Cs was obtained by measuring t h e  p re s su re  d r o p  
s 

A l l  c o e f f i c i e n t s  were ca l cu la t ed  from t h e  equat ions d e t e r d n e d  

ns  of t h e  equat ions were p re sen t  i n  Sec t ion  I of t h i s  

from the  genera l  energy equat ion using an approximation of a d i a b a t i c  
expansion o r  compression between tes t  po in t s .  Details of t h e  

r e p o r t  derivat@ and w i l l  not  be repeated here .  The equat ions are: 

and, - 
I 1 
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+ ' 2  F i  . 
1 

C s l  ( f u l l  l eng th )  = (same as C s )  

-1 

(4) 

Subscr ip t  1 r e f e r s  t o  upstream s t a t i o n s ,  and s u b s c r i p t  2 r e f e r s  t o  
downstreani s t a t i o n  f o r  each p a i r  of  t e s t  s t a t i o n s  involved. 

It was necessary t o  use the above f o u r  formulas t o  account 
f o r  t h e  compress ib i l i t y  e f f e c t s  of t h e  a i r  i n  t h e  low pressure  
loop .  Fo r  t h e  a c t u a l  r e a c t o r  c a l c u l a t i o n s ,  i n  which t h e  system 
pressure  i s  s u f f i c i e n t l y  h i g h  t o  cause t h e  p re s su re  r a t i o  between 
t e s t  s t a t i o n s  t o  be e s s e n t i a l l y  uni ty ,  t h e  c o e f f i c i e n t s  can be 
used w i t h  l i t t l e  o r  no e r r o r  i n  t h e  conventional simple formula 
f o r  non-compressible flow: 

The a c c e l e r a t i o n  e f f e c t s  of temperature change would have 
t o  be added i n  t h e  r e a c t o r  p re s su re  loss cases  a d i s  not  included 

f o r  t h i s  aspec t  of t h e  p re s su re  l o s s .  
i n  t h e  scope of t h i s  series of tests. Study 115 P I  5 i s  suggested 

The table  of  Resul ts ,  Page 5, l i s ts  t h e  f o u r  c o e f f i c i e n t s  Cs, 
C s l ,  CC and C e  a t  a Reynolds Number of 50,000 o f f e r  a convenient 
way of comparing t h e  l o s s e s  of t h e  two spider  and t h r e e  mid-length 
spacers  des igns .  The table  a1 inc ludes  t h e  r e s u l t s ,  t aken  from 
t h e  T i t l e  I r e p o r t  (Sect ion 1) PSI 
purposes.  The two cases  were f o r  t h e  T i t l e  I s p i d e r s  modeled 
from SK-FF-104 without any mid-length spacers  and f o r  t he  45' 
h e l i c a l  mid-length spacers ,  Drawing SK-FF-136. Both cases  used 
a 3.016-in. I D  s l eeve  bore and a 2.00-in. BC spacing of ou te r  
f u e l  elements. The f r i c t i o n  f a c t o r ,  f, determined along t h e  14-in.  
a x i a l  l ength  i n  t h e  c e n t e r  p o r t i o n  of t h e  f u e l  element without 
mid-length spacers ,  was mul t ip l i ed  by appropr i a t e  L/De values  t o  
ob ta in  an  equiva len t  loss c o e f f i c i e n t  f o r  t h e  f r i c t i o n  loss of t h e  
tube c l u s t e r  f o r  each t e s t  se tup .  By s u b t r a c t i n g  t h e  r e s u l t i n g  
equiva len t  loss c o e f f i c i e n t s  from t h e  appropr i a t e  Cs and C s l  l o s s  
c o e f f i c i e n t s ,  t h e  added losses due t o  spacers  and sp ide r s  were 
i s o l a t e d  and shown as c o e f f i c i e n t s  C (spider)  and C(spacer) i n  
t h e  l a s t  two columns of t h e  table of 
Resul ts ,  Page 5. 

of two assemblies f o r  comparison 
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The normal expected problem of  i s o l a t i n g  c lose  coupled 
losses aggravated by at tempts  t o  break out  t h e  f r i c t i o n  coxponent 
i s  apparent t o  a m i l d  ex t en t  a s  evidenced by a c lose  l o o k  a t  t he  
t a b l e .  F o r  example, t he  C(sp-jder) c o e f f i c i e n t  which inc ludes  t h e  
same end sp iders  as those used i n  Tes ts  6 and 7, would be 
expected t o  o f f e r  t h e  same l o c s  coef'i 'icient. The second type of 
sp ide r s  used f o r  both Tes ts  8 and 9 s h o u l d  also offer  dup l i ca t e  
s p i d e r  p re s su re  loss c o e f f i c i e n t s .  However, i t  can be seen t h a t  
when the e x i t  loss c o e f f i c i e n t s  s t a t i o n s  are preceded by t h e  
Mod. I1 spacers  at t h e  cen te r  of t h e  f u e l  element, t he  r e s u l t i n g  
c o e f f i c i e n t s  a r e  about 0.04 ve loc i ty  heads (8%) g r e a t e r  t h a n  
compared t o  when e i t h e r  the Mod. I o r  Mod. IV spacer  preceded 
t h e  e x i t  l o s s  s t a t i o n s .  T h i s  can be a t t r i b u t e d  t o  the l o c a t i o n  
of t es t  s t a t i o n  3-10, loca ted  5 inches behind t h e  mid-length 
spacers ,  which i s  i n  a region still a f fec t ed  by t h e  turbulence 
of t h e  mid-length spacers .  The  e r ro r  of such a reading ,  i f  i t  
a c t u a l l y  e x i s t s ,  would be e s s e n t i a l l y  compensated provided a l l  
of t h e  loss Coef f i c i en t s  used, i n  any f u t u r e  a n a l y s i s  are taken 
f r o m  t h e  same run. It was w i t h  t h i s  thought i n  mind t h a t  t h e  
f i n a l  assembly arrangement Number 9 was made which t e s t e d  t h e  
chosen Mod. I sp iders  i n  an assembly w i t h  t h e  chosen Mod. I1 
spacers .  

:@ 
- - 

The mechanical accuracy of t e  r e s u l t s  h a s  been estimated 
t o  be 24% as out l ined  i n  Sec t ion  I 
to le rances :  

based on the  fol lowing 

a .  

b .  

C .  

d .  

e .  

f. 

€5. 

h .  

i. 

5 .  

k.  

D s  

d t  

T gas temperature 

P gas p res su re  

L 

O r i f i c e  d i a m e t e r  

O r i f i c e  f lange ,  I D  

Coef f i c i en t  of discharge 

O r i f i c e  e k a n s i o n  f a c t o r  (depends 
on r a t i o  of o r i f i c e  t o  f l a n g e  I D )  

Veloci ty  of approach (depends on 
r a t i o  of o r i f i c e  t o  f l ange  I D )  

Manometer reading 

+0.001" 

+O.OOl" 

+5O - F 

f0.1" Hg 

21/32'' 

+0.0002 

t o .  004" 

+LO* 

t o .  0045% 

.to.og$ 
t0.M at  h i g h  flow 
20.3% a t  low f l o w  



By applying t h e  extremes of the above to l e rance  f a c t o r s  
d i r e c t l y  i n t o  t h e  equat ions for f l o w  and pressure  d r o p  readings,  
a p r e d i c t i o n  of b a s i c  data accuracy i s  5;25$ a t  h i g h  Ploi i~ and 
5.9% a t  low f l o w .  T h i s  would assume t h a t  a l l  to le rances  occur 
a t  t h e i r  peak value and i n  a d i r e c t i o n  s o  as t o  enhance t h e  
r e s u l t i n g  e r r o r  t o  i t s  greatest magnitude. By a p p l i c a t i o n  of 
lhe more s u b t l e  square r o o t  of' t h e  sum of t h e  squares law, t h e  
range of p r e d i c t i o n  of accuracy would reduce t o  approximately 
2.@ a.t t h e  high flow and 2.176 a t  t h e  l o w e r  f l O 1 ~ 1 .  

The l a t t e r  approach might be considered op t imis t i c  whereas 
t h e  s t r i c t  m u l t i p l i c a t i o n  of f a c t o r s  would be considered very 
p e s s i m i s t i c .  Therefore, a r e a l i s t i c  value of 4$, which  i s  a value 
between t h e  two methods ,  i s  p red ic t ed  f o r  b a s i c  data e r ror .  

Considerat ion must a l s o  be given t o  t h e  r e l i a b i l i t y  of t h e  
a p p l i c a t i o n  of t h e  derived formula f o r  compressible flow c o e f f i -  
c i e n t s  which o f f e r s  values  a t  Reynolds Number of 50,000 approxi- 
materly 5% below t h a t  of t h e  a p p l i c a t i o n  of t h e  bas i c  d a t a  i n  
incompressible formula,  Exactness of t h e  formulas w i l l  probably 
cont inue  t o  l eave  some area of doubt, however, t h e  incompressible 
formula t reatment  would be recognized as an unquestionable upper 
l i m i t  f o r  t h e  c o e f f i c i e n t s .  Since a p p l i c a t i o n  of o the r  processes  
offered answers w i t i b i n  1%' of those of the adiabatic t rea tment  used 
i n  t h i s  r e p o r t ,  an accuracy of  t h e  expansion e f f e c t  on c o e f f i c i e n t s  
of 80% i s  suggested o r  a n e t  e f f e c t  of Stl$ on t h e  a c t u a l  c o e f f i c i e n t  
value.  Adding t h e  f u l l  1% t o  t h e  b a s i c  4% value, r e s u l t s  i n  t h e  
p r e d i c t i o n  of an ove r -a l l  t es t  p o i n t  accuracy of + d  -5,0. 
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cv = Specific heat of' coolant a,t constant volume, 
BJLU/lb-oF 

CC = Entrance contraction coefficient, dimensionless 

Ce = E x i t  expansion coefficient, dimensionless 

Cspa,cer = Apparent added pressure l o s s  coefficient due to 
' mid-length spacers, dimensionless 

Cspider = Apparent pressure l o s s  coefficient caused by one 
pair of spiders and space between adjacent fuel 
element, dimensionless 

CS = Pressure l o s s  coefficient of 14" axia.1 length of 
center of fuel assembly, dimensionless 

= Pressure l o s s  coefficient of fuel length of one 
fuel element assembly, dimensionless 

CS' 

De = Equivalent diameter for flow, ft 

f = Moody friction factor, dimensionless 

= Conversion f a,ctor, f t-lb/lb-sec 2 gC 
= Tota.1 energy l o s s ,  ft HL 

IC = Ratio of specific heat, cp/cv, dimensionless 

L = Friction length, ft 

*rq = Mach number, dimensionless 

P = Sta.tic pressure 

R = Gas constant, ft/OF 

T = Coolant temperature, OF 
U = Internal energy of coolant, ft 
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. 

v = Coolant ve loc i ty ,  f t / h r  

F = Coolant dens i ty ,  l b / f t 3  

sr/ = S p e c i f i c  volume of coolant ,  f't3/lb 

Z = Ligament r a t i o  

Subscr ip ts  

1 = The  upstream s t a t i o n  of 2 s t a t i o n s  between which 
p res su re  d r o p  i s  being considered.  

2 = The dotvnstream s t a t l o n  of 2 stations between which 
p res su re  drop i s  being considered. 
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Inlet & Exit Coefficient, C &C -vs-NRE 

Same as (1) Except 2nd Ass'm Rotated 30° 

Fuel Assembly Coefficient, C & C' -vs-NRE 

Same as (3) Except 2nd Ass'm Rotated No 

c e  
1 

2 

3 

4 
5 s  

INDEX FOR PRESSURE DROP CURVES 

Mod I I  Title I Ti t le  I 6 

(SK-D-16 1 ) Production Production (Runs) 

Straight Vanes Run of Run of 269 to 314 

60' P a d  SK-MS-3&4 SK-MS-15 
4 

I Figure 
No. T i  t ie Spacers Spiders 

F u e l  Assemb ly  Componen ts  
Mid- Leng th 1 1 I l es t  

Sleeve Symbol 

5 

6 

7 

8 

9 

10 

Inlet & Exit Coefficients, Cc& Ce-vs-NRE 

Same as (5) Except 2nd Ass'm Rotated 30° 

Fuel Assembly Coefficients, C & C '-vs-NRE 

Same as (7) Except 2nd Ass'm Rotated 30' 

Inlet & Exit Coefficients, C c e  & C  -vs-NRE 

Same as (9) Except 2nd Au'm Rotated 30' 

S S  

Mod I Title I Tit le I 7 

(S K-D- 162) Production Production (Runs) 

30' Helical Run of Run of 315 to 344 

Vanes - No Pad SK-MS-3lL.4 SK-MS-I5 

8 

(Runs) 

Mod IV MOdI Title I 

(SK-D-16 1 ) (SK-D- 163) Production 

NOTE: Sleeve ID = 3.0002 in., lube OD = 0.750 in. and Tube 

Spacing BC = 2.000 in. on a l l  assemblies. 
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kl x 45' BEVEL- BOTH ENDS 
( T Y P . )  ALL SPACERS 

SECTION A-A 30 'RH HELIX ANGLE- 
4 FINS SPACED AS SHOWN. 
30" R H  HELIX ANGLE. 
HELIX PITCH = 5.343 IN. HELIX PITCH ~5.343 IN. 

INNER TUBE SPACER 
( 1  PER ASSEMBLY) 

M O D I  SPACERS 
OUTLR TUBE SPACERS 

(6 PEP ASSEMBLY) 

REF DwG. B-103-1 (PART r 

-186 

NOTES( BOTH PARTS) 
4 FINS SPACED AS SHOWN 6 FINS SPACED AS SHOWN I .  ALL DIAMETERS TO BE CONCENTR!C 
4 5 " R H  HELIX ANGLE 45' RH HELIX ANGLE WITHIN -005 T- I. R- 
HELIX PITCH 3.085 IN. HELIX PITCH * 3.085 IN. 2-SURFACE ROUGHNESS T O  6E. 

12s RMSCEXCEPT WHERE NOTED) INNER TUBE. SPACER 3-BREAK SHARP EDGES *= R- 
( I  PER ASSEMBLY) 

OUTER TUBE SPACLRS 
4. PART H DIM. SAME45 PART T 
S- MATERIAL , 304 5 ST. 

(6 PER ASSEMBW) 

EXCEPT AS NOTED. MOD IU SPAC€RS 
' REF. DWG. 6-103-1 f PART n 1 

- CENTRAL SPACERS MOD. I (. m 
REM 5-19-60 SK-0-162 

E! 



I_-- 2.880 t 020 -+ 
( T Y  P.1 

-2150f -006 

I - O O O ( K E F ) - ~  

NOTE: 
MATERIAL,FOR TOP t 
BOTTOM 5PI DER- CAST ING 
STAINLESS STEEL TYPE 30 

\ 
60- ? 
A 

1.000 + ’ O O O  - .o,o R .  90“~0”05‘ 

L .500?-010 
SECTION 4-4 

I. SURFACE ROUGHNESS 
125 kms UNLESS OTHER- 
WISE INDICATED. 

2. BREAK SHARP EDGES 6 

3. BOTTOM BRh5S SPlDES 
~ CORNERS FILLETS KL R 

DIM “C” OBTAIN F 4 O Y  
SPECS- -093 

M A 1  t Y l A 1 ~  - .I .- 
BOTTOM - ~ t u = % -  r\ 

( f N o T E S  a n B r o > -  p - 1 - 6 0 )  

-f BOTTOM SPIDW CAST 1 NG - B a s 5  

REF. DWG. A-103-30 ( O K N L ~  
5-31-60 SK- D - I63 
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SECT/ON X-X 

NOTES 
f .  ALL DIANETERS TO BE CONCENTR/C WITflfN .001 71l.R. EXCEPT 

.&25 DIAMETERS WH/CH CAN BE WlTHlN .#OS T.f.R. 

2 1TIlM I AS SHOWN 
ITEM 2 ,  

6)  R K M T M  EVERY OTHER F/N 6 FINS 
(<) C/lA//li:Cj C/N EDGES A 5  SHOWN IN DETAIL A . 

BREAK CO&+V€R "4 
Y O "  

1- 
DETAL A 
/T€M 2 



LHELkA=C WELD END CAPS- 
TO TU0W (BOTU ENDS) 

9 SUPPORT SLLKVL 
GRAPHITE GRADE *GOT 

STAlNL.Ej5 STEEL TUBE 
T Y P E  3 0 4  ELC 

N O T E :  
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